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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-Avt Co., Ltd., 2827-3 Tomiyoshi, Okayama 701-11331;
Division of Chemistry and Biochemistry, Graduate School of Natural Science and Technology, Okayama
University, 3-1-1 Tushima-Naka, Okayama 700-8530 2) 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 g-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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=X /) — )VAFESEDOREED 12 OB /NET A~
DHFRIE R X OB L EF R R A O A B 70 & DiE%
TRIZ DWW THERIRRT AN A 72

KERAE

BE # N4 ~vXELT, hard RWFED/NEK
# « /h#k (bran and feed) 1, KWy (RFHL BEAL
72 AR Z DFEW/NER), low grade wheat flour) % &
H.28:7 ClLA L72/hE 7 A< (wheat bran) Z{/H L 72,
BB INEKREE < INEE R OEATERIL, BTk
2 /NEKER « /NEE & KW DRIERDE A L 72,

INAFTADED D NEREK - NEEB LUK
D HlE, BHERESHE X —ICRE L7 GB
207121157-001 % £ 1*207121157-002 5, 2008401 A
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FRIHBINL TRIGZIT, ABORTCHIRE 2 E & L 7.
o7 —EiEREOMETIE, 7.5 mM O B — 2K

2009F 5%

BRICBEREZRM L CRILETT, ERZ IV a— 2 jRE
PERLR. B- N X —EEEOREIZE T,
75mMp-= b7 x=)Vb-g-7) 3> F (p-NPG) KIE
BEEEELTHY, R Lzp-=tadz /=)L (p-
NP) BEZ»EELL. Va7 IJ7—¥iElBI O a-
7 7—EiEkE, e Lo EEY v M B &
La-TIT7—FMEXY b (Fya—~v>) PHOTHR
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VKB RFEE & LAY, BT X O AR L 2RI
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FNmK25%, 13%BI O 1% TH-72. =&/ —)b
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LB DS T o 72, AKBVLELE, FEHEA — T
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PRRRRF T RO 21518 D FHR R 36 & TR0 5T D 4 HR3 ]
EMELEEEARTIEATEX S, BRI b
AR T + — 3 L (GMG-200RD, dWJIEELAD, b
DHIRIEIEIEE I L7 L L = (GMG-150D, JbJI18kTFT)
FhdE RO (LY FH) 2HW Tk R
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YW PV LNy T 7 — (pH4.8) HITHEL, 45°C
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LT, LI —¥iggeE L THiRZ N T % Meiselase
(BAVEHIEL) | Cellulase A “Amano” (7~ ./ T2 %1 L)
BLU0tuoee7—-—FRFBELTHKRENTW S
Novozyme® 188 (7' ¥7 )V FV v FPvI3) ZHH
L7z, BEEEIE Meiselase 5 & U Cellulase A “Amano”
T R E & T, Novozyme® 188 TIIEIK EH = TH
L7z &9, iRtV 7 —ERETH 2 Meiselase 8 LT
Cellulase A “Amano” = I\ T, /N&E 7 A VRIS D
FEALROGIC RIE T BT OWTHE L. 30 B&D 50
mM”7 TS M) LNy T 7 — (pH4.8) ITREL
T RALIR & 72 IXFTAER/NE T A~ (3.3% (w/v)) 1T, 7]\
FEITARDEREED 1 %@&DOT RV 7 — LHH 2 U
mu, EiRfREREEE (X 1 T v 27) % AW T130 strokes/
min, 45°CT245fH], KIGZAT>72. KRIZ, Novozyme®
188 Dz R %, FELEE UL THREI LS, 20
BHOBEUADORMEL, NETAYDORBEESED
0.25% & (Meiselase & % & Cellulase A “Amano” D 1/4
) L WINOGE b RISRICKISKZ S L,
Boh Lt oe Rkl a— 2 RE Y
EmL7e.

BRCREEAE BAHELT mkorxHE
A=A (xh) ROV &9, AxhdEAS—X b
107 B DA A K EE%, YPDEKEH (2%
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MTx X, 2% (wv) ER) IKHELL Bohicao
——Z 1 HE&HRIL, 250 mlAHEER (0.5% (wiv) i
B KFA )T L, 0.2% (W) BT > E=7 L, 0.04
% (wiv) BRER~ 7 4> 7 b« LkF, 2% (wiv) BERET
FZ, 5% (wiv) Z)Va—A, pH4) ZE& 500 mli O
77 A 2IZHERE L, 120 strokes/min, 30°C T, ODgs D
EAS 2 HifRIC 2 2 F TIREREE L. 2DX5ICLTHE
52 RTEE R 100 ml % 5000 x g T 109305 i L
BENIE A (RZMRER  £950 mg) AL 72

NETATOEERELEES>T L/ —IVREE 3%
DKITNET A= ZMA, 140°C, 0 h/KBVLEE L 72 /2
7 A 50 g 2 100 ml =7 7 A2 2ITMA, 4N
HClZHWTpHZ 4.2/ L7z, ZO/WET A EE
WA, OB D /N 7 A IR D 0.0125, 0.025, 0.05
0.1, F7212 1% & D Meiselase &, AL ZEN, ZD 148D
Novozyme® 188 Z¥s ML, 130 strokes/min, 45°C THE
LEOGZBAG L7z, 24RMIRISERIC, AiRFE TR LN
FERE50 mg (MR E &) 2HEE L, 130 strokes/min, 30°C
DEMTHRE L WD, =X/ —)VREEzME LT B
BWEEREICY > 7Y 7L, #ELERO 7 )V a—
ARE, =& —)VRES I UAEELHE L. 25k,
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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 4.9 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.
2 The 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” Novozyrpe %88
(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

WRBE( L% =815 D Meiselase, Cellulase A “Amano” % L
Novozyme® 188(C(%, HBOMENEENTVDL., £ 2
T, INHOBEEFFOLNL T —EiENE, a7 —
Vi, g-7 NV as 2 —XiEE, ZVvar 7 —EiEk,
a-7 1T —H¥EES LI OF T ViR HE L.
Table 2 ICZNZNDOEFFEWA 1 mg D7z O DHIEM 2R
9. Meiselase i3V O —ZAB LU )Lo—Z2DHE L
BT —EiEE, p-7 Va3 X —EiEEEL T
¥ 7 F —EEEDS RSN EDb D, FTE-T
NaAX—VIEREFER L S BEERAOF TR LS
W, Cellulase A “Amano” iZ(d, a7 —¥iEtks LT
TP —HERCMAT, RS Va-T7 17—
MBI NVarT I T—EEENEEN TS, 72
Novozyme® 188 |&, o &7 —+¥ /p- 7). X —ElE
Mz, ELL&WZ Va7 I T7—¥EkE a- 7 3
T—EEEEFL T3,

BLORAEBREICK ) HET 2288, EXxELLU
JIWaA—REDOHLE  Table 3 (THE ~» D41 THij L
B175723.83% (Wiv) INET AVIRERD LiEICEEND
LSRR BITHEEBIO/ NV a—-2BRHEL R
MY, ZIT, HEEEL -8 BB LU NV a—X

2009F 5%

BOMEIE, TNETNEEREOMRME (497 mg/g- /NET
A7), EICHEOMME (324 mg/g-/hET A7) B&
O BBERTBE 72 7V O — A B OHGR{E (356 mg/g- /N7
ZV) WTRT 2% TELL., RAEOEEIZ 2D 12%
PEREL 7oA, BEIrHE R XUV a— A DEHE T X b
DTURNETH - 72, BPBLIEIL 208 DB LTl
HTDRRENA BT, M FALIE Tl 2RO BRI L
TREEAERRDA LN 72H, B@IoHs XU
)V — A DEEEDS, RAFEDLA & el LT L 72
FRALEEIZ BT, 0.5% 3 K TN % (viv) TR &
WA, 2k X UM T0HE O & DR D8
G U CBEEITML 2. 1% (vv) FRE % H
WG E TS 2 RE L 69 % HE L 7278, 3R TR DR lX 41
%BTHote. —J, KELIE Tl 45 8 O BE 21
IpsA Btz 170°C, 0~2 h £7212200°C, 0 h D4
T, 90%d 2\ IZZ N LD LRELEREL 7003, Fedk
R IR DA X D bRVEERE R -2 Bk
DFERD S, KBMIR X, EELTUNET AW
BN O —2BLOT > 7 2T 21EHE2ET 5
B, BRAERIZTREEND LS IR RIER A2 E T % Z
EDIRBEND.
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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) HaSO4 39 21 4
0.5% (v/v) HeSO4 64 32 4
1.0% (v/v) HoSO4 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 9 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 2 1
200°C, 2 h 15 3 1

2 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 ORABEEIPBERBLICRIZTEE fHEx0
S THIIE L 72 3.3% (w/v) /NET A~ IR %,
It )T —YHHF TH 5 Meiselase I & U Cellulase A
“Amano” T pH 4.8, 45°C T 24 IRefulfE(b SIS 217
W, EHEL e, BIUERERSIUY LI -RAEDH
B RIT o 70, B X 2 MV Lo NE T AT %
RAWeBald, WInoOBERAZHWTY, Gl
B RIOHEEBIOILa— 2RI RLDNET AV
PRWRYE EFEE TH -7 (data not shown) . —
7, BRABNET A7 R HWTSEITE, WOk
T—EHAAZANTSH, ROUHT A E2HAVRERE L
LU CHEMR  THEES IO 7 Va— X & 3MmL
(Table 4). BRERIREE ASHINT 2 ITHEV, 2R L UWETT
PED MR XML, 1% (v/v) FHRERALEE D 4 T3,
ENENHBED 80%H Dz Z NP FITEL . —
73, KEBOLI/NET X~V ie613140°C, 0~2h
DR SETIE, WINDOBEERAZH VLA TD,
RO T 272 AR LT, 2ROl
ALY, L, BRI UV a—X0D8
B2, Meiselase 2 WG G ITIIRNEDL A B NG D 5
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7273, Cellulase A “Amano” % f W 72856 1 IS B 38
L7z, &7, INET A OKEBSLIEREZ, HEDFEREC
FEAERBERITZ o7 &, 170°C, 0~2h
DM TKBILIE U 72N T A~ R L 726, 1Rk
SRR IFPEREDIZIZ 100% Th - 7205, HHEEITHEE
FUO7 N a—Z2&(F140°C, 0~2 h AKBULER L 72/ 7
AvEE LG E L RABREMETROERE R -T2
(data not shown). F72200°C, 0~ 2 h7KEHLIE L 72/
FT AT DRI B W TIE, EREeEE EolE
BLOUT N a—ZEDNFEIZ140°C, 0~2 h KB L
CINET A2 AW LIS TE N R L 0 K
WiEZ7R L7 (data not shown). 28 ZoHks LU
) — 2 DR LB TV X — DB DA IIITH
Wi9 o &, BES L7 KBULER S D Tl 140°C, 0 h4l
HAREThI I EEZOLND. LL, EdilizLSIT,
ZDEMITEB W T B Cellulase A “Amano” THLEE L 72
DHEHE7 N a3 — X &iE, Hawfl (356 mg/g-/N&ET X <)
D55%IC T X2/ 572, Table 21TR T & 51, Cellulase
A “Amano” %, HENEWVa-7 1 7 —HYEES I UL
a7 I T7—ViEEREETHLOD, LT —YiEEB &
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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 Pretrg atment S\?arirll;llafer Ceifllzl;:me Vieldst (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) HeSOy, Meiselase 53 40 17
Cellulase A “Amano” 46 44 28
0.5% (v/v) HeSOy, Meiselase 84 69 22
Cellulase A “Amano” 76 72 27
1.0% (v/v) HsSOy, 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.

2 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.

W p- 7V ar X —EiEHL, Meiselase & BT 5 &K
W, L72H-5 T, Cellulase A “Amano” % i\ 72 8L G
TE LN ) 0 — 2 ENHEREL O HEVEH &
LT, ABEEHAAFICEEND LT —EiES L Us-
TNaAT X —BIEEDBNBENEDNELLND. —H,
Meiselase XS WL T —HiEM, vtob 7 —+/
B-INALR—EERBIUOF T —EiEEE2ET 2
M, AT I T—¥iEE L a7 3 7 —CiEkIEE
LRV, LEeai-TC, Z7Vvary i g—EEESL Ca-
TIT—EREEALEEENTVRNTDIT, Table 412
RT & 9T Meiselase THIL G 21T - 72 REDbE#E 7 )L
I —Z &, Cellulase A “Amano” TH L L7286 L0 b
ZLAELA B bDEZZHND. —7, Novozyme®
188 1%, Table2 6o b L5, HEKWEVWEOLE
T -V X —EiEEB L TEDLDTHEW )L
a7 I T—HEREERT. Lk oT, JVa—2 %5
IR THE D IDITE, BHROTREZUAZEHAT2Z
EREIOTRBLTVBEER D 2O ZEh, LR
MThH2ETHEIRND., TeTld, HEHROBEEERA
EHWSZ LI 2RV O — Z&ITRITTHEON
THEFL 7.

EEERRRAOHAICL 2R 1% (v/v) #5hk

2009F 5%

TRALER & 7213 140°C, 0 h ZKEMLBE L 72 3.3% (w/v) /N T
A VIR 2 FE & L, Meiselase, Cellulase A “Amano”
# L U'Novozyme® 188 D 3 Ffi FH D I R BLH| D v D 2 i f
F 7203 3 MO FERA 20 L TELRIE 21T - 72,
RIS, L7 —E8-HEITH % Meiselase 1 L
Cellulase A “Amano” 1%, EBRFEDOEMTRLA LD
2, INETAVEGREED 1% TH 5 0.033% (wiv), &
o7 —E8HITH 5 Novozyme® 188 [d/NET A Vi
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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) H.SO, treatment at
100°C for 10 min.
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Meiselase 3 £ U Novozyme® 188 Z¥sin L THE LG %
Bta L7z, RIS D pH (E, Meiselase 3 & U Novozyme®
188 FNFNIEENL LT —¥EBLUL- I Vay
A —X D% pH OEMIETH % 4.2 (data not shown)
WZHAEE L 72, BEALRUGIT AV 72 Meiselase DR 1S, &
TAREBREZED 1% ThH 5 0.833% (w/v) [Tz T,
0.033, 0.017, 0.0083, 0.0041% (w/v) & L7z ZF 7z,
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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) (<, @), 0.017% (w/v) ((], ), 0.0083%
(w/v) (V,¥),and 0.0041% (w/v) (A, A). The filled and open
symbols represent the glucose and ethanol concentrations,
respectively.
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