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Efficient Ethanol Production from Wheat Bran by Enzymatic Saccharification
Using Commercially Available Enzyme Products and Fermentation Using Bakers’ Yeast

Mayuko Koreishi!, Hiroyuki Imanaka?, Koreyoshi Imamura®, Masahiro Kariyama', and
Kazuhiro Nakanishi®* (Fujiwara Techno-Art Co., Ltd., 2827-3 Tomiyoshi, Okayama 701-1133 1,
Division of Chemistry and Biochemistry, Graduate School of Natural Science and Techmology, Okayama
University, 3-1-1 Tushima-Naka, Okayama 700-8530 ?) Seibutsu-kogaku 87: 216-223, 2009.

We aimed to produce ethanol efficiently by enzymatic saccharification coupled with ethanol fermenta-
tion using wheat bran as a biomass. For this purpose, we examined pretreatment conditions of biomass
and a combination of commercially available enzyme products for saccharification. When a 3.3% (w/v) -
wheat bran suspension was pretreated using subcritical water at 140°C with a holding time of 0 h, followed
by saccharification at 45°C using a mixture of commercially available Meiselase (composed of cellulase,
cellobiase/f-glucosidase, and xylanase) and Novozyme® 188 (composed of cellobiase/f-glucosidase, a-
amylase, and glucoamylase) at a ratio of 4 to 1 by weight, glucose was released at 10.6 g/l, which
corresponded to 90% of the value calculated on the basis of the total amount of glucose-based saccharides
contained in the wheat bran. On the other hand, from a pretreated 33% (w/v) wheat bran suspension,
85 g/l glucose was produced, which corresponded to only 72% of the theoretical value, owing to the
inhibitory effect of glucose on f-glucosidase activity. However, when fermentation was carried out at 30°C
following 24-h saccharification of the pretreated wheat bran using a mixture of Meiselase and Novozyme®
188, the inhibitory effect of glucose was considered to be reduced and as a result, after 21-h fermentation,
ethanol was produced at 5.2% (w/v), which corresponded to 88% of the theoretical maximum value.

[Keywords: bioethanol, enzymatic saccharification, ethanol fermentation, wheat bran,
subcritical water treatment]
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Table 1. Component and composition of wheat bran.

Bran and feed

Low-grade wheat flour

Total content of wheat bran?

Component (g/100 g-bran and feed)  (g/100 g-low-grade wheat flour) (g/100 g-wheat bran)
Ash 49 1.0 4.0
Crude fat 4.1 1.3 3.4
Crude protein 2.8 2.9 2.8
Lignin 2.7 <0.2 2.1
Starch 15.6 58.9 25.7
Cellulose 8.6 0.5 6.7
Hemicellulose 22.3 0.9 17.3

The content of each component was expressed as g per 100-g dry biomass.
2The total content of wheat bran was calculated by summing the contents contained in bran/feed and low-grade

wheat flour at a ratio of 23:7 by weight.

Table 2. Enzymes and their specific activity contained in three commercially available enzyme products used in this

work.

Enzyme Meiselase Cellulase A “Amano” Novozyn.ne 188
(U/mg-powder) (U/mg-powder) (U/mg-liquid)
Cellulase 0.91 0.08 ' 0
Cellobiase 0.2 0.14 0.55
B-Glucosidase 1.1 0.08 0.65
Glucoamylase <0.01 0.05 0.9
a-Amylase <0.01 0.39 0.24
Xylanase 0.15 0.13 <0.01

B LR R BUH] D Meiselase, Cellulase A “Amano” B X T
Novozyme® 188213, HHODOHREVPEEN TS, £
T, IO DEEERMKFOLN 7 —ViEE o7 —
Ytk g-7 Ny X —EiEE, JVvar 17— EiESE,
a-7 I 7 —EEEBLUOF Y T —EEREEIE L.
Table 2 I ZNENDEEREA | mg H7z 0 DHEMEZR
F. Meiselase 32V — A% LN L0 —ZXDRE{L
B V T —EiEE, B-7 NV av X —EEEB LT
¥ T F—EEESERRENC Db D, RITE-T
VarZ—LEEREERA LS BREEAOTTRELE
), Cellulase A “Amano” iZl%, L7 —¥iEER LU
¥ I —EERICMAT, HENSVa-7 37 —HE
MBIXOCIZ7 Va7 I 7—-¥EEPREZNTVWD, &2
Novozyme® 188 (&, 07 —¥ /g- 7 as X —HiE
Peicinz, ELL@WIZ Va7 I 7—BiEEE a- 7 3
T—EEEEEFEL TN,

B4 ORABREEICL )BT 228 EXRBLU
FIWIA—RBOLE  Table 3 [T 72 O 4 THIALH
BT 07:3.83% (W) INET AVIREBRD LiFICaEnD
SRR BUTEESICI/NVa—-RBRPHELCHERS
RY. ZIT, EEELceR RaERsLUI NV a—2
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USEEE R RER 7 )V 0 — X EDOEHR{E (356 mg/g- /hE T
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FTOMEDA LI, HRE TR OERICRT L
TREBEEAEDRBB NG ok, Bl IO
Va3 — ADWEHERDS, KB OEE L L TEInL 72
FRALFRIC B\ T, 0.5% 8 X UM% (W) FREBIEK %
HWOWIGAR, 28k X ORTOHE OB SN RUE DS
& LB U CEEBITHE M L. 1% (vv) FREREE A
WIS AT IZ A NEIL 69% EHE L 723, B ITHE O FEHEL 41
%BTHhote. —7H, KEMMH TITEERREEOELIE
MPAH B NIz, 170°C, 0~2h F7213200°C, 0 h DA
TlZ, 90%®H D\ FZ LA D LA T L 7203,
EITHEREIIBRABOES LD bEVERER ST BLE
DRERED S, KBULHEE, XL LU TUNET AP LHHE
BIZENL O —2ABIUOTF 7o 2T 2FH2HT 2
2, B TEING LS MK IERE2ET 5
ENRBEND.
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Table 3. Effects of pretreatment on the release of total sugar, reducing sugar, and glucose.

Yields? (%)
Pretreatment Pretreatment conditions
Total sugar ~ Reducing sugar Glucose
Nontreatement 12 6 4
Boiling 100°C, 10 min 14 2 1
120°C, 10 min 22 2 1
130°C, 10 min 28 2 1
Fine grinding MILLKURUmini GMG-150D 13 15 -7
Formill GMG-200RD 15 14 3
Centrifugal grinding mill 14 15 6
Acid treatment® 0.2% (v/v) HaSO, 39 21 4
0.5% (v/v) HeSO4 64 32 4
1.0% (v/v) HaSO4 69 41 6
Subcritical water treatment 140°C, 0 h 23 1
140°C, 1 h 33 1
140°C, 2 h 55 3
170°C, 0 h 89 1
170°C, 1 h 97 11 3
170°C, 2 h 92 14 1
200°C,0 h 88 26 6
200°C, 1 h 20 1
200°C, 2 h 15 1

= The yields of total sugar, reducing sugar, and glucose were calculated on the basis of the total content of starch,
cellulose, and hemicellulose (497 mg/g-wheat bran), the total content of starch and cellulose (324 mg/g-wheat bran),
and the total content of starch and cellulose (356 mg/g-wheat bran), which takes the amount of water added as a result

of hydrolysis into consideration, in wheat bran, respectively.
bThe acid treatment was carried out at 100°C for 10 min.

B4 ORIMBEREIPERBLLICRIEITEE & O
G THIAEE L 72 3.3% (w/v) /NET AV RER %, T
Bz —YEEITH % Meiselase B & U Cellulase A
“Amano” % T pH 4.8, 45°C C 24 B L NG %47
W, GEEL AR BTEEBLIC/NVI-ZXEDR
B AT o7, BIRAEE IR L NET AR
BuieBald, WTENOBERALHWTS, HEHEeE
E BUHEERICINVI—-AERRAEDONET X
PROWGE EFRRE TH -7 (data not shown) . —
i, BRAVENET AR AWTSGEIZE, Wik
T—VHHZHNTS, KRBT AvEZAVARE T
ML CEERTEES XU/ Va—A&EHML 7
(Table 4). WREBIEEABEINT 21V, 258 I OET
BEOBHEREIIML, 1% G/v) FHBRAEED AT,
EFNEFNHRMED 80% DD WFZENL EITEL. —
F, KBILENE T A~ 2 T8 a13140°C, 0~2h
DRI LA T, WITNOBRUAZHWIGEETY,
KRBT A7 FOIERE LU T, 2E0EEE I
AWML 7., L, BRI U7V a—ZA0i
L, Meiselase & WA TR RHIA L i h o
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7243, Cellulase A “Amano” % AW 723541 38R TN
Lz, Ei, INET AV ORI, 5O B
FEAERERRIEI LMol 8, 170°C, 0~2h
DEETKBMIB L TNET A~ 2L L 5E,
LRI EREDIZIT 100%TH - 72708, HEEETEL
U7 N a—Z&L140°C, 0~2 hKBILIE L 72/hET
A BB LISE EABREPETROER R
(data not shown). F72200°C, 0~2 hKEWIE L 72/h
FETAVOFLIIGIC BV TIE, BELER BTHEE
BLUOZ N 2—Z&OINEZ140°C, 0~2 hKBLEE L
RINET AT 2RI ERETE LN ER L D bIK
WEZ7R L7 (data not shown). &8 BTER IO
LT — 2 DR LB T L F — DB HRAETH
Wrd 5 L&, BT L7 KBAILIE SO Tid 140°C, 0 hAl
HYRECTHEEEZONS. LL, Lk (T,
Z DT BT D Cellulase A “Amano” THLEE L 721
D7V a— 2 &3, HiRE (356 mg/g-/hET Z<)
D55%C T Eixh -7z, Table 21T T XL 512, Cellulase
A “Amano” [, HERE V-7 17— EiEEB L7V
a7 I T —Y¥EEEAETLLOD, LT —YiEER X
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Table 4. Effects of pretreatments and enzymatic hydrolysis using Meiselase and Cellulase A “Amano” on the release of total sugar,
reducing sugar, and glucose.

Pretreatment Pretr.e atment ;?arirll:l:l): Cf:ilzl;me Yields' 0

conditions product Total sugar ~ Reducing sugar Glucose

Nontreatment Meiselase 20 28 13

Cellulase A “Amano” 17 26 13

Acid treatment® 0.2% (v/v) HaSOs, Meiselase 53 40 17

Cellulase A “Amano” 46 44 28

0.5% (v/v) HoSOy, Meiselase 34 69 22

’ Cellulase A “Amano” 76 72 27

1.0% (v/v) HoSOy, Meiselase 89 84 29

Cellulase A “Amano” 79 80 29

Subcritical water treatment 140°C, 0 h Meiselase 76 23 10

Cellulase A “Amano” 99 67 55

140°C, 1 h Meiselase 85 21 11

Cellulase A “Amano” 100 67 50

140°C, 2 h Meiselase 87 29 15

Cellulase A “Amano” 100 73 53

Enzymatic saccharification was carried out at 45°C and pH 4.8 for 24 h, using pretreated 3.3% (w/v) wheat bran suspension.
* The yields of total sugar, reducing sugar, and glucose were calculated on the basis of the total content of starch, cellulose, and hemi-
cellulose (497 mg/g-wheat bran), the total content of starch and cellulose (324 mg/g-wheat bran), and the total content of starch and

cellulose (356 mg/g-wheat bran), which takes the amount of water added as a result of hydrolysis into consideration, contained in
wheat bran, respectively.
® The acid treatment was carried out at 100°C for 10 min.

U p- 7N ay X —¥iEiZ, Meiselase & T 2 LK
W, L72h o T, Cellulase A “Amano” % F W 72 580 G
TEHONLERE NV 2~ 2 &L EREL O b EOHEH -
LC, ABEMFHCEENE LT —EiEEE X O-
TNaAYE—EEEPNEN ENEZLND. —T,
Meiselase (F LIS W)L T —EiEN,, o7 —+/
B-I N X —BEEBIU* S T —EEREET S
W, INar7 I T—EEESLCa-7 17— EIERIZE
LLEWY, LehoTC, Zvary i 7—EiEttEsd Ca-
TIT7—EREEALETENTWARWIWIT, Table 41T
RT & 5T Meiselase THEHLIE 21T - 7RO BERE S )L
a— A&, Cellulase A “Amano” THEILL72EE5 L9 %
ZLLAELA Lo bDEEZHNS. —J, Novozyme®
188 (%, Table2 b bm 2 Lo, EHEVWEOY
T—EB- TN X -EEERLTEDbDTHEI IV
a7 I T—¥iEEERT. Lo T, IVa—-AEE
INRTHE L7202, BROTREERER20HAT 5
EWXXOTRLTOVLIERRSZRMO &M, JOHR
HThsETHRING, TRETlE HEROEERIA
EHOWDZ LR BHEHI NI —-ZABIRETHEOD

BRALPE & 7213 140°C, O hoKBMLEE L 72 3.3% (w/v) /INET
A RREWR ZHE L L, Meiselase, Cellulase A “Amano”
B L U'Novozyme® 188 D 3 FEIHDELREFI D 1D 2 i J
F 7203 3 B OB FRMA L6 L OB LRI %217 - 72.
PO, )V T7 —EEHFITH 5 Meiselase 38 L
Cellulase A “Amano” |, EBRIHEOEARA TR LIz LD
2, WNETAVHREED 1% Th5 0.033% (wiv), ¥
oy —EEHFTH 5 Novozyme® 188 [F/NET AVH,
MRERED0.25%D0.0083% (wiv) &7 % & 5 I L 72.
FiR% Fig. LIWORT. BUE S X CKEWED WD
BIALBESEIC BT S, W )V 0 — A &lE, Meiselase
# & UF Novozyme® 188 @ 2 fifHi&H % \» (3 Cellulase A
“Amano”, Meiselase 33 & U Novozyme® 188 D 3FSH D~
FRA LA T A EICL Y, BMEEERALAVS
£ EHB L TN L 72, 5 140°C, 0 hKBUAE L 72/
Z T A%, Meiselase & Novozyme® 188 2 L
7o E T, BT L 72 e TRRD 10.6 gL D 7V 21—
& (HEREDR L Z90%) HEfEL72. LLFD3EERT
13 140°C, 0 h ZKEVLIR L 72/h 52 7 A < % Meiselase 3 &
U'Novozyme® 188 D 2 Tl D EEREUH 20 L TRE(L L

THET L7,

BABRRAOHAICIDEIRIS 12 G/ HR
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<

Fig. 1. Effects of a combination of commercially available en-
zyme products on the release of glucose during saccharifica-
tion. As the commercially available enzyme products,
Meiselase, Cellulase A “Amano”, and Novozyme® 188 were
used. A suspension containing 3.3% (w/v) wheat bran was
subjected to subcritical water treatment at 140°C for 0 h or
1%(v/v) sulfuric acid treatment at 100°C for 10 min, followed
by enzymatic saccharification at 45°C and pH 4.8 for 24 h,
using either two or three commercially available enzyme
products or single enzyme product as a control. The yield of
glucose was expressed as the relative percentage of the
amount of glucose produced to the total content of starch
and cellulose contained in wheat bran (356 mg/g-wheat
bran), which takes the amount of water added as a result of
hydrolysis into consideration. Bars: [, subcritical water
treatment at 140°C for Oh; W, 1% (v/v) HoSO, treatment at
100°C for 10 min.

DA TRBILEE L 7z 33% (w/v) INET A~ BREIKIT,
Meiselase 3 & TUf Novozyme® 188 2 ¥l L THEILEUE %
Bta L7z, RUGHE D pH L, Meiselase 8 X U Novozyme®
188 ENFNIEEND LT —EBIUp- T Vay
H—XDZEH pH OFBETH 2 4.2 (data not shown)
IZHHEE LT BERURIT AV 7 Meiselase DR, /&
TAXEBREED 1% TH 2 0.33% wiy) TMAT

0.033, 0.017, 0.0083, 0.0041% (w/v) & L7z, &7z,
Novozyme® 188 DIRINEIL, VT NDEE b Meiselase
mIMED /4 &L L. BEEAOREZZ(LIETHE
LIRS % T o T iR % Fig. 2 lIORT. BERREOHEINC
PRV, SBEEEY Y O — 2 DA B BRI L 7,
FOG 24 BB D 7 )V a0 — R RS, BB IERVEERIRE
(0.0041% (w/v)) DFER (A) ZBRWT, EIE 85 gl
EL7. UL, Zofld, #ETiEns Vva—2&0
HRED 2% 1B E R, 0k, BERfEL ) K
WHBE LT, LRGBS T 2BERPDL- 7V 2
¥ A=V, FUSAEBRMD 7 )V 32—z L O HE%
FIoIEBEZDbNS. £ T, Novozyme® 183128
ENDBP-TNAL X —EDIT N A—AT L BHEDEE
KOWTHNL, FrD7 )N a— A REDHEIET T, p-
NPGIRE & RUCHIHE Z/EL, L-B7 Oy F 275
kY, IHFEPREEEETH Y, HEEHK EE
XZ10mM (1.8g/) THDIZ LB h -7z (datanot
shown). ZOfHEIL, CEEK: = 3~ 14 mM & IZITHEE
ETH218, i LHLDRREGERL- TNV F—
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Fig. 2. Time courses of enzymatic saccharification and ethanol
fermentation by baker’s yeast using 33% (w/v) wheat bran
suspension, pretreated by subcritical water treatment at
140°C for 0 h. Saccharification of the pretreated wheat bran
suspension was carried out at 45°C and at pH 4.2 for 24 h,
followed by addition of yeast cells to start ethanol fermenta-
tion at 30°C and at pH 4.2. For the saccharification, Meise-
lase and Novozyme® 188 were used at a ratio of 4 to 1 by
weight. The Meiselase concentrations were 0.33% (w/v)
(0, ®),0.033% (w/v) (O, #), 0.017% (w/v) (TI, W), 0.0083%
(w/v) (V,¥),and 0.0041% (w/v) (A, A). The filled and open
symbols represent the glucose and ethanol concentrations,
respectively.

VBT 27N a—2 &k 2HERRSEIEETH 2
ZEBMLNTWE®, Z 2T, BLRIGHG 24 B RE%
SV EHRE R ELRICEHML, =& ) — )V REERBIG L
7e. Fig 21" T L5, FEE21RHIRICIE, EORE
BEOLKMETHH2gl DR ) —UHERLE. 20O
X —VIREZ, mAMmTH /) —IVRED88%ITHE
VI DHETHD. ok, mABEmTE / —)VEE,
BOWNETATICEENDEHTREZTRTOT )V a—
AW 100% TR ) —)VITEWRMEIND EREL RHITE S
NBME, ThbbZ N a—ABEIC2 x (46/180) = 0.51
PERUBEE UTEB L. $, REE21ER®BIIES
NFeRI 52 gl DR —)VigEIX, kORISR
24 RER O LR T D7 NV a— A REN BB END
BABRTX /) —VIEE 43gD) L0 bEV. ZOEH
ELT, =R —=\VHEBRIZINI—-ADBHEEIN, B-
TN A —BEECHT D HESRR S ISR %
BROvaA ) TEONKSEMEEZIN, LTDELD
TNWA—=ZADER LI EPNBEZLND. BT, INE
TATHIEELTCVWAET 7Y, HLO—AREND
DOIRTIKG R TH B4 Y THER, =& ) — )R+
2, BEMGIZEI OV a— R EBRINLZEIRES
HnbEZ 605, Fig.2hbbhrdlolc, Z7hva—
ADEEFTX /= VHREFITHEINTVWEDT, &
KERT X/ —)VEBEDOH 12% Y T3 7V a—2
B, MROEEEEL X OHERREICER I
b, F£i:, =X —VREFOLEEEREAE L L

EWTH B8TE
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A, BEEAEHEBETLRE L Z0%DERELHREL T
Wiz, Ziud, hET AR ONEER B L UH
AR U TURERERENTTEENTVDERDTH D
EEZ DD 1920,

BRI B2 560 21 RIZEER O = X
J—VRET42 o/, FIHEEEENIEIL 156 mg (FZrRE
) Thote. Bohek /- VIEBED LR ERE
LR 2 OI25ED 52 g/l 10 bEWA, ZOHA
LT, RBEEENCNET A7 2BEL TR B 7001
BERTRE R 7NV a— AW LRDERI Y b b ol L
WEZOLNE. JNVIA—=ARFTRTHEEINTVWRDT
7 ) a—2AEEEEOWEEIHEL 0.156/ (50 x 0.07) =
0.045 (g-WiEEft/g- 7N a—R) LAHENL. Z0D
BEINERDE, Oner DT > 7> %2 BT iSRS
TOIH ) — VBB T 2EEICE 0.063 (g- HIERH
Rb/g-7Va—2) 2 L O EFEWETH -7,

3 #

INET 2w ERE LTHY, TR ERFNC & 258
{ERIGEFFRHC L D& ) — )V EEERBER L8R~
R )= VAEFEDEED T DITLERINA 4 < 2D
LML L O D DB EDHASLE R E DK
S RAT o T B LRSS & L TiE, /hET A< % 140°C
TR 0 h OLME T CREME 2170, RIGRE
45°C T Meiselase 3 & UF Novozyme® 188 D 2 fifID R
BANZHNTELT B &R, N a—Z BRI LT
RO ROTH B Ebbhr ol 3.3% (wiv) DKEL
B/NET X HEMRED 90%ITHYMT 27V a—X
AER L. L L, 33%(wv) DKBULE/NET A<
RRWTEAIE, FHRED72%D 7N a— X LR
Lot COMMmE LT IERMTHR NV a—
ADB- T Nay X —LIT HHEORENEZ LN
72, L L, EEERE(LA 45°C T4 BT - 0kic, B
BREHML30°C TR / —IVEBZITS &, BLRIGE
TN — ZAMEDBHT L TR 572D I EES R DR
AN, ZOFE, HIRED88%ITHY T 5#75.2% (w/v)
DILR ) —=)VPER LT,
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