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W= | G5 N (waste from beer fermentation broth, WBFB)Y 0] 2. ofgh& AJALS- 98t 945171 A5 sk 7o)

L% AFtellA= vlol e oflehe ALk 918 WBFBS] G5 dasS Rlshs AdS Hasltt. Jiles =
55 30, 40, 50, 60, 70 °CE t=A] slof APF=H] 2571 ekl uet B3l S7FsIaL 4213 £ 60 °Ce}
70 °CollA] H-2 k2] glucose’} AAHEIITE. WBFBS} chemically defined media (CDM) Z&-EollA = o3t n|AYE
o] A7} Qlol= vt Hof olgkgo] AT SAIGSHEE S-S 30, 40, 50, 60 °CS] TheFek EollA AR
Az} 30 °ColA olghgo] 7 wo] AatE|Qlet. & o] AFE WBFB, starch 9 78] CDMS o]&3}o] 43813}
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Abstract — The waste from beer fermentation broth (WBFB) has been found an excellent and inexpensive resource for
bioethanol production. We tried to evaluate the saccharification and fermentation capabilities of WBFB to confirm its
effectiveness for bioethanol production. The saccharification potentials of the WBFB were evaluated at various temper-
atures (30, 40, 50, 60and 70 °C). It was found that the saccharification capabilities increased with temperature and high-
est reached maximum at 60 °C and 70 °C after 4h. Ethanol production from a mixture of WBFB and chemically defined
media (CDM) without addition of any microbial species confirmed the fermentation capabilities of WBFB. Simulta-
neous saccharification and fermentation were performed using WBFB, starch solution and CDM as culturing media. The
maximum yield of bioethanol production was obtained at 30 °C. The saccharifying enzymes and the yeast cells present
in WBFB were essential factors for the production of bioethanol from WBFB without any additional enzymes or micro-
bial cells.
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Hlo] 9. o[gkg Ak 373
Z5 FAE o7 1= [15] AEFH Pl st =7 keI
,ololl ot tioko = HdM 4 A ofgh
=3 gtk B R4 A vlo] Q. mjA
lignin?} hemicelluloseZ A|Ast] AEE QAE FE3 5 Falad
< B8l IR AT HEs S AR cekEE dskEct
AAY 3l AREE sfER7AIE 4k, &2, oL, 0F,
e, 7180 S0l lth23.24]. 1yt HEA R Al 98E
lignina A3 17} ©1% 3L, hemicellulose 7-212] wood sugar®} 132
pentoses G54 07 ST HIAIZ 4= Ql= v|AEo] B 1l
FE7)%0] nlH|ato] 4837t ot} Bgh Ao w A8E
U= AL BAVIE FEoF & EAo|t e tjke & BrElE
o] FHe Al2F/ Al A TV 1ES AEEsle] nlol e dehe-S
Arkels A 18 AL QleH25,26]. 1 Hiell = Bl R ARSSh=
Aoluh27], vt 4E730] glolzl vhpbE AFE3E A7 e B
T CH28]. vhpe gt 'rslER o] FoiA] QlaL ke A
s 28t Q7] whitel o] '§slES AREsle] 2ol &
= ARl ERE FYete] olekeS A 5 Qi8]

# ATrellA AHE-dF WBFBYE B 45l 7 AL Sk, 95
& TS /A A7 AR 3 aRE 93] g dTERE
A 3elA] SRk vlo] Q. olehg: AAkS: et HFEME 3 g

S AYar 9t 12]. WBFBE ©]£3]9] njo] @ ofjehe-S AAts)
W 18-S Y 7 A TIPS des A < Qlok 95
g ST BT HElE DolrlA HotE Alxsk=t] 1 3
oA Falaart Akt o] Fakaie) o) dite] wald SRE
ol 1 W ol A3ts| H= Aol webA] WBFB Uiel &
Fu EEE HUlste] ulo] @ of|eh S Al A, 71 ks
a3 R e vEs 5 slck

WBFBO&= B9, A4, B % starch source, 42 X 5[6]
theFst 7)do] EAgt. whebA ol olvhE-S Aakeh wf A,
G, PR B Tersha S 48] HUkekA] kol w7 witel]
Nt HEE AT ARE AR 2 5 9lom[6,18] 71 A
oM % 575 & 7 Qirh
WBFBE ©]-8-3to] nlo] @ ofehe-5 Arksh= 2ol Jafse} o
gapgo] 23 Hed Fake] HA 25 60~70 °ColH Hal]
A I 20-30 °CR 7 g Alole] &EApt vk 1A o)
ATl 255 25 °ColA] 70 °CE AA13] &8 oleke E ¥
ol gt 0w oL pes Siglar Bgk SRl gt 59
74 glo] WBFB AHA|€] vlo] @ oflehs Ak 7hsd-& SRIFTHG).
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22 AT O 2 RE] FsISich. WBFB e g-sto] 20 °cell
BHsielar Addolls B dole ARSIt wa gl AR
yeast cell WEF oA 7P E31HA| 22013 Q= Saccharomyces
cerevisiae (S. cerevisiae, ATCC 24858)2} thermotolerantQ! Khyveromyces
fragilis (K. fragilis, KCTC 7156)°|t}. F &572] yeast cel& YMUI]
Alolx] A 3AA AE8ITE YMIRA 2] 2432 3 /L yeast extract,
3 g/L malt extract, 5 g/L peptone, 10 g/L dextrose®]t}. WBFBS] |
g s 558 $sh v 2 CDME ARESIS on ujx] ] 2=
238100 g/L glucose, 8.5 g/L yeast extract, 1.3 ¢/L NH,CI, 0.12 g/L
MgSO,H,0, 0.06g/L. CaCl,0]t}.

22, Gils &8

7} e 9] starch (BD Difco™ 217820y Z575¢l 50 5%
starch &9 YFE21C}h. WBFBS} starch §91S 1:1 H]&(Z} 25 mL)
F E551o] 50 mL vialoll ¥31 25ER-E 150 ipm 2 X8 Hleket
T} Bl 1202 Folle= ME UF-(25 mL)yE ANF 3t starch 81
25 mLE F7F FRlste] Falaio] Ake: 58 ERlsk| S8
A st

23, Ues 3

g T3S CDM, WBFBS) 29 §1.E o|-25}19it}. WBFB#
CDME- 1:1 H]&(Z} 25 mL)ZE &5k WBFB 50 mLell CDMei|A]
preculturest &% 5 mL 4E3t0] 25 M= shaking incubatorel|X]
150 rpm© 2 Z1e wjjokaloic,

2-4. SIS ESs £

50 mL viatg ©]8-8}%] 5% starch £, WBFB2} CDM 1:1:1
H&@ 15 mL)E 233810] 258 F shaking incubatorell 4] 150 rpm
© 7 g ujeksIATh GlucoseS #1713 CDMS: o] g-5}0] -2
Ho g mokslint Tt vl A & 5% starch £, WBFBS}
CDMOIIA preculturest 252 55 ZH7} 1:1:1 BIE&(E} 15 mL)=
E3slo] &% M=E shaking incubatorell A 150 rppm O = Z1% Hljok
3I3iTt.

2-5. &M Y

2-5-1. Glucose 5% 57

Glucose &+ glucose =7 7|(refractometer ATGO, Japan)$}
glucose kit (GAGO-20 sigma aldrich, USAYS ARE-310] S7d351T).
WBFBE A8 23S 21851305l glucose 573715 AH-SFATE.
Glucose kitS A2 o] glucose ¥ o2} WBFB 40l 019+
e TRe golut oy 245 kst st Ygsl 54
o] E=| kit

2-5:2. ofgkE % 57

NEHE T+ sample ol £8E G5 AASH] Yshod
saccharide removal kit (Catalog#: DSRK-500, saccharide removal kit,
bioassay systems, Hayward, CA, USA)E |83t} TS A3
AZ-2- ethanol assay kit (Catalog#: DIET-500, quantichromeethanol
assay kit, bioassay systems, Hayward, CA, USA)Z RFS-A|Z1 3 UV-
spectrometers AFE-5107 I 580 nmell A SFTE 57951 olgk

= S5 ARlsislt



2-5-3. CFU

ok & "ELO]-M = yeast cell®] populations ZR1517] $13)l colony
forming unit (CFU)E 57333t} CFU S4< 48 a52] #2]&-
A2 de] 2oz YMILE WA E ARSIt YMAL @ uliAl=
YMulA] el agars: F7Feto] WEEITE A& A58k 0.85% saline
LAE o] g3te] BAIF O s e £ 0.1 mLE YMIAH|X| o =
23to] colony’t @74 wi7HA] 30 °CollA] 297 vl ksl

-
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3-1. WBFB| H5ls

Y3ks S4E7E Fig. 19 YERASITE 50~70 °ColM @37t &
kA dofutal 180% ©]F- starch &-H-& AFUIES Wi@EHEE
ERA 215 glucose®] 5527 7HAaFiT). @3} #4215 60, 70 °C
M % glucose?] FE7F 74%ANA 7.6%, 7.5%NA 7.6%= <

0.1~0.2% H}oll F7181A] 2 210 & Kol AAke glucose?] ollehE
A% e Fetail] @Y7 oSS & 4

3-2. CDM2 IR% OEE Yss

CDME o] &%t ollehs Was 54 A3E Fig. 20 VERISITH
g el #2259 30 °c0ﬂ/\i oflgh&-2] Sk 3.2%4 4.5%%
1.3% 7181332, 40 °ColME 3.2%14 3.8%% 0.6% 7/ 16F)
T} 30 °cel vk w vl A A2 ke oflgheo] YAk Gl
g 40 °ColM &= a7} dofdths A& gRlFivh. 50 °Cgt 60 °C
ol M= 3.6%%} 3.3%Z ZH2} 0.4%, 0.1% S7FSFAqE vha v7g
2 A2 dojufx] ettt ok Frt S7FSE A2 WBFB &
o] a57} CDMell 37He glucoses AK.ato] ofehE-5 Aatsl]
wjio]ct,

CDME ]85t oleh&e] Wass AAPS Wl CFU S84k
Fig. 3¢ WFERASITE. 30, 40 °CollM= CFUZF Z7 1AW 712 Wahr}
Sl whA 50, 60 °CollA]E CFUZF 7H4A3ITh. o] 50, 60 °C= cell
o] Aol e 2507 mlEe] Al7to] A Aol Al
F7tF Zo57] witoltt.
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Time (min)
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Fig. 1. Variation of glucose at different temperatures from a mixture
of starch and WBFB solution at the same ratio. 25 mL starch
solution was added after 180 minutes at indicated with arrow.
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Fig. 2. Production of ethanol at different temperatures from a mix-
ture of WBFB and CDM at a ratio of 1:1.
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Fig. 3. Measurement of CFU of yeast cell from a mixture of WBFB
and CDM solution at a ratio of 1:1. The CFU was measured at
various time intervals at different temperature ranges.

3-3. Yeast cell2 O[S MIERE WES

T E579 yeast cellx HE3IS w oflehs- f&%
Fig. 49l YERNSITE. S cerevisiaeS 3531532 wll 30
9] F57} 33%0NM 4.7%Z 14% 71810 40 °coﬂ 1: 3.3%01]
A 45%Z 1.2% S7F8F B8k 50 °C2) 60 °Coll+= 3.3%°114]
3.6%, 3.57%% ZHZ}F 0.3%, 0.27% 57 IStk K fragiliss 453K
S 1 30 °CollMi= ohE2] st 3.3%4 4.5%2 1.2% 5718t
3.0 40 °ColME 3.3%NA 4.6%Z 1.3% S7F8FTh T3t 50 °Cs}
60 °CollM= 3.3%0N4 3.7%, 3.5%= 212} 0.4%, 0.2% 57 }3F3 Tt

F F7Y yeast cellx 53+ A3 BT 30, 40 °Cof|A] oflgks0]
AMQL 50, 60 °ColAti= olleh&o] AR ekorom Arke OﬂEPi
R A o e e 30°C, K fragilis®] 73
40°C o]t} A9l ojte: s K fragiliss AEIS w7
S.cerevisiaeS JE IS W BT} =4t} o]2] 8 A¥Z thermotolerant
yeast cell®] WBFBO.ZHE|2] ofJghs: AJitel] gap&olglal & &=
o)},

F 7Y yeast cell& HEstq gk wasS ARPS wlo]
CFU Z73k2 Fig. 50l YERARITE. 30, 40 °CollM= CFUZE 5715}
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Fig. 4. Comparative analysis of bioethanol production from WBFB
at various temperatures with S.cerevisiae (black symbols)
and K.fragilis (white symbols).
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Fig. 5. Determination of CFU of yeast cell in WBFB inoculated with
S.cerevisiae (black symbols), K.fragilis (white symbols) and
cultured at various temperatures for different time intervals.

At AL W37} 913 Wk 50, 60 °ColM= CFUS 427} 7HAgic),

WBFB®| yeast celts 43131 wi= control systemel] B3} >
oFo] ollghgo] AYAakE] =] eIkt WBFB olli= ofjghe gatel A8
]

Sl yeast cello] 3|0 §lof n]AEe] F71 HE2> Q)

o
R

o
2

T 15
TH6] L= AU BT AT cell5-2 2 2 %ollA] A= 7}
5730] WojxjA] oflekg AAato] o 4= 3ltt.

AREASl AE B MG mediaS AMESHE 8 £ W9
of| i wErF g o g Aot} sAvk WBFB QoS ARgE
WAl kg wPgollA F7HAQ ga) rlAES] 9] glol® e
&) o,

¢

ool o he-S A 5 U%ITHo).

3-4. WBFB| SAEEsS

Starch 8-, WBFB, CDM< #ll3et 3 §-99] FAdshlas
A% A= Fig. 60l YERASITE 30 °ColA ollehs 57 271
3.2%C14 4.8%E 1.6% 571311 glucose 5 7.3%C14 5.3%2
2.0% 23T 40 °Col M= e FE7) 32%014 3.7%=
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Fig. 6. Variation of glucose (A) and production of ethanol (B) at differ-
ent temperatures from a mixture of starch solution, WBFB
and CDM at a ratio of 1:1:1.

0.5% S715I2 3L glucose EEaz TSI/ 44|17 vljoF S5 o
Al Z7Vek= oS Hol3 QLo B R SSFr} o] FojHrky & 4= 9l
o} 7831 50 °CeF 60 °CollME olg-go] A BALE A ki
glucose”} 7.3%°I1 7.55%, 7.8%= 217} 0.25%, 0.5% AJAHE ATt
Starch &, WBFB, glucoseZ #|71$t CDMS aljEHet &3 -9
EAGsE S A8 A9 Fig 70l YERAGITE 30 °CollA] olgke
B 27 32%004 3.9%%2 0.7% 57131, glucose FEE 4.0%
ol 3.63%%= 0.37% 43T}, 40 °CoA = ollehg F7} 3.2%0114
3.5%7H] 7Vl 241 ik S4Bl A Q] Ak A oFar
Z|F A}, Glucose B35 A 4.19%7E4] A3k} 6417 vljok Zof|
Z7}3t} 50 °C9) 60 °COlA = glucose”} 4.0%1 4 22} 4.7%,
4.75%32 0.7%, 0.75% 32k o] Tk Xeol] vl dafago] gt
SHA dofwirt.

Glucose”} X3+ viX]&= glucose”} Sl viX| <} vl S w] =
A el Fde] the s = 5 vk Yk T A BT 60 °C
oA 71 2 oA, Fig. 6(B)2} Fig. 7(B)YE Bl X glucose
= A9l CDMeIM = oflghe: Aakgdo] Ads] vt o] 24 A&
F-E] wjA]of| glucose”} EgE ] 9o WBFBE A3+ SSE7} T
FHA O R dos & 5 Jirk.

FAFEEaE A8 CFU A9E Fig. 89 YERATE 30,
40 °CollX = CFUZ} S7FskAY A2 7t v 50, 60 °C= A17E
o] A= CFU7) ZAdic) & Was 30 °Colld] 7 2l
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Fig. 7. Variation of glucose (A) and production of ethanol (B) at differ-
ent temperatures from a mixture of starch solution, WBFB
and CDM (without glucose) at a ratio of 1:1:1.

dofupr] ah= 50 °Cst 60 °Colld Eds] dofwitt. Starch &4,
WBFB 18] 1L S.cerevisiaes: M5st &3t §-o12] A st as A
HAYE Fig. 9o YERNATE 30 °ColM oehe 555 3.3%014
4.8%Z 1.5% S7FH1L, glucose F5E 52%0114 4.0%% 1.2% 7
2} 40 °COME A s FEE 4.0%% 0.7% 5/ FBF3RL
glucose 55 5.1%% 0.1% 228I31Th. 50 °C} 60 °ColA = olgk
S5 AY F7V8IA] 49k glucose 5 5.85%, 6.1%% 2}
7} 0.65%, 1%9HE 71T}, 23 30 °C2} 40 °CollM glucose 5%
7} ZHAEPEA olghe: F7t SRR SSF7F A EdatA]
Z& & 4 U} Starch £, WBFB 18] 1 K fiagiliss W%
ot 23 g9 FAGsE s APANE Fig 100 HERA Ho]
t}. 30 °CollA] oll§heE T Z7] 3.3%CM4 44%=E 1.1% 571513
31 glucose FEE 4.6%ON14 3.9%F 0.7% 7281t 40 °ColM =
AN ollekE FEIt 41%F 0.8% 5718 AL glucose FF A
43%F 0.3% 7FA3IITF. 50 °C9} 60 °ColM = o[BS F571 3.6%,
3.5%Z 0.3%, 02% S7ste] 2 W37} Qo™ glucose F
5.0%N4 5.15%% 0.4%l14 0.55% 5713 S+ 714 yeast cells
AEeAS vl CFU A= Fig. 119 YERAQITE 30 °CollA
yeast cell®] 749 =5 CFUZ} 71 Eo] S713 L, 50, 60 °ColA =

2t

gl ofke das 713
140
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)
=
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Fig. 8. Measurement of CFU of yeast cell from a mixture starch solution,
WBFB and CDM (with glucose(black symbols) and without glu-
cose (white symbols)) at a ratio of 1:1:1. The CFU was measured
at various time intervals at different temperature ranges.
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Fig. 9. Variation of glucose (A) and production of ethanol (B) with
S.cerevisiae from a mixture of starch solution, WBFB and CDM.
The production was evaluated at different temperatures.

S.cerevisiae®} K fragilis®] ¥10] Q. oflghe Ak 582 AJtfH oz
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Fig. 10. Variation of glucose (A) and production of ethanol (B) with
K fragilis from a mixture of starch solution, WBFB and CDM.
The production was evaluated at different temperatures.
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Fig. 11. Measurement of CFU of yeast cells with S.cerevisiae (black
symbols), K.fragilis (white symbols) from a mixture of starch
solution, WBFB and CDM at a ratio of 1:1:1. The CFU was
measured at various time intervals at different ranges.

= kel W Fale vt 2as> Fig 99} Fig. 108 &3l Blar
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735 B 60 °ColH F3l50] 71 3T . Yeast celk F31E E3llA
AaEE glucoses o851 WEE Sl=tl, Fig. 9B)2} Fig. 10(ByS

E3 S.cerevisiaeS} K fragiliss HEP= wlo] oEks ks &
= Qlrh T A7 B 30, 40 °C M W EolM s oflekgo] A
AEE ARE 50 °C9}F 60 °CollM = oflgheo] AL] FARE|R] ¢k
30 °COlM = S.cerevisiaes HE3ISS Wl v B offgh&o] AJrky]
3L 40 °CON= K fragilise & Fe ) o] W2 ofgh-&o] AAtE]
St} ool AF=o] 25 A S.cerevisiae®} K fragilisF2] =}
o2 olefgt Aol T3k o[t} HRHAR] oghE Brke>
K fragilis?} S.cerevisiaeR Tk B 321 ©]213} thermotolerant yeast
cello] vto] Q. offgks AYAatel] -8 Zlojrt.

4.8 E

Aol = WBFBe]| yeast cellZ} glucoseE 571 T35
< O USHA st el 2xolx 9] FAG st
71s7dE RISk A S SISITE. Yeast cell} glucoseE 5714 2.
2 FYSIE W ollehs Al S7FAN SSFE dofubA] o
315t
B3l Wetaie] % S A= 50, 60 °Collx B3t
Frgo] 71 atA dofwta, 27 }X] ERE o] g3 Has 57
28| A= S cerevisiaeZ 4%—"?} - 30 °CoNA, K fragiliss %
3k 7ol 40 °CollA ool 71 o) BAE SITt. e = At
%71 "ozl WBFBe®] yeast cells 71810 24 ofjghs AJAatek
= 7K F St
FAGE a5 57943 M = glucoseZF 23 E3t gl S A}
L& e ollekso] wol A AAT glucoses A9 ek 3 &
Mol M= oflghe Arkedo] e o= A9)ct. 1831 WBFBOA]
Bl CDME E93E 1 e ko] o] Wstth CDMell=
yeastrl /\-]xl—o]L]- Dl—glr Jg_l_v/] 51— g = zﬂ:/\l—/\] ]_, ﬁ;ﬁ 94 Oﬂoolzj\_—g—
o] EoI8l7] wiitell At o= t] =2 olghs ks 7
ST}, Glucose”} E3HE CDME ARE38I1S ]l glucose”| A~ o]
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