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Abstract The growing demand for sustainable energy has underscored the potential of repurposing
food waste, particularly potato peels, as substrates for bioethanol production. Potato peels are rich
in starch, cellulose, hemicellulose, minor proteins, and lipids, making them an ideal feedstock for
bioethanol production; however, conventional bioethanol production methods frequently encounter
efficiency limitations. This study aimed to overcome these constraints by developing an innovative
fusion strain, #20, through the protoplast fusion of Saccharomyces cerevisiae, known for its high
ethanol yield, and Saccharomycopsis fibuligera, valued for its strong starch-degrading capabilities.
Strain #20 demonstrated notably enhanced ethanol productivity during the simultaneous saccharification
and fermentation (SSF) of potato peels, significantly surpassing the parental strains’ performance.
Most impressively, strain #20 demonstrated remarkable efficiency by achieving a high ethanol yield
with a-amylase supplementation, showcasing its ability to surpass traditional bioethanol production
methods without requiring additional glucoamylase. This highlights its potential for reducing enzyme
costs while maintaining high productivity. These findings illustrate the effectiveness of protoplast
fusion in integrating advantageous traits from distinct yeast strains to optimize bioethanol output
from food waste. This research supports the feasibility of utilizing potato peels as a renewable
biomass resource, addressing waste reduction and advancing sustainable energy goals. Further
studies are encouraged to evaluate the scalability and commercial applicability of strain #20 in larger
bioethanol production systems.

Keywords bioethanol, simultaneous saccharification and fermentation, protoplast fusion, potato peel

1. M2

AF2delel ti7] 2 ZAR s A& 7hsRt ou A ool tiFH ot £, AF
Hl= A% EAZ dFHAL Aok 74 AFEd71HFA0) T, vid A AJA]A 48] H
A= oF 329 1, & oF 139 Eo| GH[HAL SAHT (FAO, 2011). o2t 4F w7je=
s WE=A=olME oF 6,8009 @3, A4S =71 3,1009] 229 FA# &Ao] ¢t
o, ol Aet 844, A9 £AE 2 ArH(Hegnsholt 5, 2018).
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°F 39] 7,6009F E0] AJAHE| {th(Khanal 5, 2024). A4S 7}
St oA EA sk AAEES A7 9F 70-140F Eol
121, fiREo] My=o] 2AZAe} f54 &5 T4
AA gl Al G WXt (Chang, 2011; Khanal 5,
2024). 2030174 oF 8,000 E2] FAEHC] BAE Aow
o F=, o] 2 7t 2A7IA HiEFE oF 5005t E9] oJ4ts}
etao] g8 Ao g A= chRodriguez-Martinez 5, 2023).
ey FAEES F 11 E(total solids)S] 50% o]4fo] A&
or FAEo doH, ol HE AT HVEU T
(9.10-38.9%)°1Lt WFEH(10-12%) 20 B 2 A& HlE&S 7}
At}(Jay 5, 2008; Martha, 2023; Onipe 5, 2015). ESt, 7=}
AAL A5y} Tl SFE J4-s] Zghsal 9lo] Hiole
ofgrZ AAtel] "azgh da vBES] 48 a4 G4 34
Q] 93k w)E 4= Qltk(Mushtaq 5, 2024; Soni 5, 2023).
webA AAE A B85 HolRogE AR SAE 29
71E &°l= Al 3 dE A oA E &8 & Stk
St AR FEgh AHE Qg A2dske} oy A] 714
452 tiA oUA Yo EA Hio| QAR FR4S FAA7]
I U} ol BESH, 35t FAE B0l Hio] uj Ao A
AtEE ARE AAY A& 7heet HA 719E 5 Sl=
A4 A oA R Z o] A TH(Ntaikou -5, 2020). 7L 5
Ho] Qo ehE} 11 S9HE2 % EofolA A A4 de=
g ARRED glon, =08 AMGSEAY 3H] AR Ho]
oAy s3tete] L-EH o] ThES Ah EHS T
< FIAI7I= G0l Sltk(Teoh &, 2019). Ho] o&h22
T2 34, AR, E= A4 75 Ho| QM AE YR E o
BETH= &3l AAE i (Wang 5, 2023). 53], <5 Hlo| 2
oeHZ(E100)Z 3HA A= 7|8t 7H&Ed ] H|S] CO, Hi&Tol
oF 60% Zof, A& 7ha3t ovA] Age] Fa3F AT Tt
(Rimkus &, 2024). WetA] FAFES S8 Ho| QoS
AR SAE 28715 €l A AR A odA
& 2849 5 Atk tEo], AL EEo A 2y glo]
AlE 7 FAEE 25 4 Qo] 9= H|go] Hif RoH,
71& AAA] 7|9 duot 2] &4 A BE(E AR, HlE £
5= s 4 qUrh
AEO2HE Hio]QogtES Bilst= 3L dutygog
Sket &3E HE IS AXtHJangdt Chou, 2013). T3+
Atolut GAE o] &5l XY=, F4kE o] &35t k= H|
FA ZA|9F Hl-Go] Erhe Tgo] IARE A IS
49] 7HFo] vl §Hg Al7te] Aths §AI7E Qltk(Yan
5 2017). o|2fet FAIE sfdsty] gt U 5 shuE SAIS
shta7l QIth(Pinaki 5, 2015). BA|Z3IEEE (simultaneous
saccharification and fermentation, SSF) 342 f4o] 95t
Aoy AE2 A0 7Hersl(Fehet, 73 oA A
e G HRE st w74 FAlof sk BE&H
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URE Ao 24 & oA Alo]9] 1HdE £0]1L, oA
o AJZF AHE 40t 4= Uth(Olofsson &, 2008). X9
TS U aE&sy] 913t A7 APE L ok
Al E01, Petlyuk A|ARIT 22 24 Hoks} 7]&3 SSFo|
TRdsto], 7]EE of|A] £HIE oF 30% A7) H AF
SkoiTt. of et ¥ SSF 3-74o] Hio| 2 A& AJA4kS] oA
BEAT HE A SHOAM F8% FAES AU 32
B ojE}(Garcia-Hernandez 5, 2024). SA|Z3t = g3lket
IR 5 ohe] 3o FATCEN ¥ B85 =o|iL H]
& A o AN B3tet TR o] FA 7o) 4foldf o]
goke © ofElRol itk FARRERS +8 A= Bt
olQujA 7R afo] WRFE A4 & L1 (45-50°C)2} &
55 YYSL vy A4 SEGCTE AR SRS J
o|t}(Choudhary 5, 2016).

Yoz 37w S0 R8H S4S Y] Ao
AH&E 744 7]l Protoplast Fusion(dF 24| )2 Al
w4 AASel Y AL protoplasy o189 A2
e NZY AlZutE §EA7]= BoIthGoda 5, 2024;
Sharma 5, 2021a). °o]= w39 §44 44Z 7fAste B
S 7|eE, Rt thAkE ik 4 AEHA WA 3
Aol 7]1o43f $kch(Sharma 5, 2021a; Zhao 5, 2024). £3],
Saccharomyces cerevisiaex °[Et& AJAA d] AMEEHE
uAEo| At A& Eof] E47} HEoto] A& E-8of AL
AUTk(Viktor &, 2013). o]& s{Zs}7| sl & &3l 45
7VA Saccharomycopsis fibuligera2} S. cerevisiae] Protoplast
Fusiono] E}AQl W o g 1T} S fibuligera= o-amylase
o glucoamylasest & AL AR WA 54T B
gt o], ARE e Hofste] W AT TS AT
4= QItk(Natalia 5, 2011; Xie -5, 2021). ©o]Z QI8 S. cerevisiae
holekg AE 9 WA FAA TS 2K A8 5 3
A =ol ¥E F49 BEAHS =tk AY AfolM= o F
w5 UG IR oA 27} o] 24 &9 88%2} 90%
of dgoles 2 olehE AJ4kgo] E1E Hl QlrHAbouzied}
Reddy, 1987; Pirelova 5, 1993). o|g|st Z1}& Higto g2 H=
@459] EAJE ARt Protoplast Fusion 53 Z8gollA &<l
g o]¥E 7Hte g &8 4= JZ ACE 7|tfHtt. Protoplast
Fusion 7]&-2 & 7|4t 7149 a7 &-88v ozt &g
AIZE S ofjghE AN Ol 7199 5 e TS
A|ARE.

2 A= F o

il
i

%

‘?J
alo
o
ol
el
N,
2
oY
i)
[o
m {
oo
]
ot
>



Efficient bioethanol production from potato peels

ez At 49 aE4S w0l A& 7t oAl A4t

of 7|3kt et

2. Tjg 5! dit

2.1. #F & Hx/

& AFoNA AREE s BEEE R HEeotolA £
2|5 S cerevisiae Cheongdo(guplA #2)(Jeong 5, 2018)2}
2o B9 S. fibuligera NK6O|Th T #3E 2% ZLg
(Duksan Pure Chemicals Co., Ltd., Ansan, Korea)S Z35t
yeast peptone dextrose agar medium(YPD)[1% yeast extract
(Becton, Dickinson and Company, Franklin Lakes, NJ, USA),
2% g/L peptone(Becton)]°l] 5 & 30°C, 250 rpmOJ|A] 244
7k SRt MEGE QI o] ¢ FAWo] #FE Eol] Sl &
219 45 8% ethanol(Sigma-Aldrich Co. LLC., St. Louis,
MO, USA)o| E3tE YPD agar®} 2% soluble starch(Sigma-
Aldrich Co. LLC.)7} X3Fe yeast peptone starch agar
medium HJZ|(YPS)]lA] 30°C, 2% &<t vijFsto] Aol ARE-
oFTt. o= S. cerevisiaeQ e WA S. fibuligera®] A
B U Selo] Zofd BQolE A 9% Byolet

22 ZAFo T35 24

Protoplast Fusion ©]7Ao| #5929 XS v|ws7] 3l
35%9] Wl XS 233 YPD iR S ARESHo] ofghe
A TE8= 7T 35%2] X2 oo |
1785 g/LY] oet&2 BT 4= ot E3, A& &£3) 58
B7lel7] sl 9 HAaeo®E AEvhkE AlFste] Alx 4%
¥} oehE B Skt olF s8] 30% HEe EIARE
YPS WA T ehaglo . ALgElo] ket . 270 Eal
Jg 2aelglt WE 2R BT 2550 33 AR
% 5 mLo] 1.5x10" CFU/mLE 90| H&35}9]11, 30°C, 250
rpm(BF-30SI, BioFree, Seoul, Korea)ol| A 72417t vj%Fa}%1 ©.
o 24A17F 7HACE BAZ AYPsioith HE & as
(amylase) &4 &ol5t7] Yl YPS agar HiA|[3% soluble
starch, 1% yeast extract, 2% peptone, 2% agar(Becton)]°| &
2 I 1 mL 25T 5 30°CoI4 22 5t wiogelelck
ojF 90t gaoz JMso] clear zoneS QIS TH Lee
£, 2011), O o AL £ WA (1), @), S 5
AArstRE). of7]4 o] 249 o§E a2 TPl dFE
Ha0] o3t Guy-Lussac 3Fe} A0 w} 0.51 g/g Bo&
7H = A th(Ntaikou &, 2020).
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g ooeh2 A5 E (%) =
A= AL (g) 9214 ()
X ARE S (g) T 180.16

2.3. Protoplast Fusion &/

Protoplast Fusion= SH Choi ¥'H(Choi &, 1997)& H3¥ 5}
of AT F #5= YPD A Hijz|o] HF F 30°C, 250
pmolA 16A17F st & Al&5te] 1% 2-mercaptoethanol
(Sigma-Aldrich Co. LLC.)o] ZgH W3 &5H(10 mM
sodium phosphate buffer, 0.1 mM EDTA, 0.8 M sorbitol, pH
7.4)0] FEIHLE o]F 0.01-0.1 mg/mL Zymolyase-20T(Zymo
Research Corp., Irvine, CA, USA)E 1 uL/500 puL sE=2 A}
835191 30°Co A 60&7F a4 APE 5l AxH2 AASHA
ot 4F4 AE9] T #F= Polyethylene Glycol(PEG) 4000
40%(Sigma-Aldrich Co. LLC.), 0.5 M KCl, 40 mM CaClo]
Z3HE pH 7.5 8 AFHA 1:1 H]&E 43 £ 30°C
A 202 9t A2SH3H. olF PEG7} fle 8% &5H(0.5
M KCI, 40 mM CaC)O2 A= &, AzH iAo ZFH
< 1 mL =8510] 30°Cof|A 3U7t uljFoto] o2] A5 o7
2 golsignt.

24. 255t Sl o LE
B F HiRolA 43 - H2l colonyE AlEsto]
ZuioFst &, 2%9] soluble starch?7} E3HE YPS ujX|o]| A 30°C,
250 rpm ZACZ 48417+ wigslict. vl & L= (OD
600 nm)+= spectrophotometer(Optizen Nano, KLAB, Dagjeon,
Korea)= Z75t0] 59| AFJAZ SRlstgion, 4ol
8 35 052 AugT A¥E 25 ojge 440l Hol
 #FE AH67] Al 42 AE(2% soluble starch)at 35%
o W% Erdg ud Bagor Agstel YPS U YPD
HA w4 30°C, 250 rpm FZA 02 37t WA
a1 F A5 AT olgE A 582 2441 7HA
, Ol HIF o R FFAor AE && 54

=

)

i
o)

B

& fo

olEke 50 9t #HE AFSIT

5. SEAE 083t ZIAf ZE SA/5el8m

2 AfollMe tit 5 459 AlgelA 3et AAEE
= ARESISITE AAPEAS 7H3o] A o] Dry oven[ThermoStable
OF-105(DAIHAN Scientific, Wonju, Gangwon, Korea)]ol|A]
60°C, 48A17F Az & BT whso] ARSIt A
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(2% T+ 5%)°f 0.2% yeast extract, 0.06% MgCl,, 0.0001%
MnSOy - TH,0, 0.01% CaCl, - 2H,0(X-F Sigma-Aldrich Co.
LLC.), 1% w/v Tween 80(Duksan Pure Chemicals Co., Ltd.,
1 N HCIZ ©o]&3A4 pH 5.5+0.3
07 ZA3}L 121°ColA] 158 5t A5 30°C, 250
rpmOfl A 24417k F3F Aufket ARE Bt FFl 33 Al
A3t & 1.5x10" CFU/MLE %50} HEaHct. a4 47t
ot B42 23t sh7] A8 Y= 34°C, 80 rpm £
A 5Azt AP Ta 213 v ¥iAl= Gonzalez &
(2008)9] AFZ FIFh 12417 T 2447 7HA 02 3
9 9 ojghe S BATEon, BE AL 33 MEoR
ey gles.

SA #203} S. cerevisiaeQ] FS amylase 84S H Y45}
7] 9190 HAZ BET APIAE 9o FUT 240 A
A= Al o-amylase®} glucoamylase”} #7}% 0] = 48 A
A& A(Chungmu Fermentation, Ulsan, Korea)lt a-Amylase
from Aspergillus oryzae(Sigma-Aldrich Co. LLC.)E 0.5%%
Al $a 2A% 9o SYserk

Ansan, Korea)S 2335t &

2.6. a-Amylase 24 =2/
239t G99 a-amylase 42 DNSA(dinitrosalicylic
acid) HHL ARgslo] Y T E ZA5IYTHMiller, 1959).
a4 9407 2% xrdo] x3E YPD HiR|o|A &F
£ 72X7F B9 Aujdst T 13,000 xg, 10259 FAE
(mySPIN™ 6, Thermo Fisher Scientific, Waltham, MA,
USA)3HY cellg AIAT A5HE ARE-SISATE 0.9 mLo] 0.05
M 914k 9k Lol(pH 8.0), 0.1 mLe] &4 &%, 1.0 mLY
1% soluble starch M- &31510] 65°CoA] 1087F ¥HS-&

At W82 FEI] 99 1 mLo DNSA §1L 3
A% RS 100°CH 1082 el ol £9E
o EYEE 540 oAl FFAGON, FrGe BEBYE

(o)

Argsto] BETAS A4J5tlT. a-amylase %_“j L 13 Zo}
1 pmol®] ZES WEct= G40 S 1T (uni)= <
slo] AASIATHKIm &, 2019).

g EA B Qo 2t 9 ek =T = Refractive
Index Detector”} A2 high-performance liquid chromatography
(HPLC, 1260 Series, Agilent Technologies, Santa Clara, CA,
USA)E Algelol W RSl EERs g
Sigma-Aldrich Co. LLC., St. Louis, MO, USA)9] Az E4
2 o 4 #F=42 0.1, 0.2, 0.5, 1.0, 2.0 g/Le] =2 A
%3 &, HPLCE °l& }oq A5t 549 = HE
(area) gf= WO B HETAS 2SI, olF &85t

https://www.ekosfop.or.kr

AR A% BAS $BHGh 42 93 ABL 244700}
ok Ao, 108] 84 F 13,000 xg, 103 %*E.-Er
2 o] A5ohe SHAT B4 A F7H02 02 pm A

212 "E|(Hyundai Micro Co., Ltd., Anseong, Korea)S 0]—8—
ofo] oottt AE-2 Rezex ROA-Organic Acid H+(8%)
(Phenomenex Inc., Torrance, CA, USAYS AR85190H, o]
EX-2 0.005 N H,SO4(pH 2.8)& 50°CoA] 0.6 mL/min &%
2 EAsH

2.8. &4 X2/
0% At BEemERAe BANGo0, BAH fo
ASL SPSS A ZZIF(IBM SPSS Statistics 19, IBM

Corp., Armonk, NY, USA) A}83}0] Scheffe test AL 2%
£-9A4L H718HAHp<0.05).

3. 21t ¢ 1%

3.1. Zx

S. cerevisiae Cheongdo(SC)%} S. fibuligera NK6(SF)2| &
"]%’“@r‘i}E(SSF) AndFEA9 AHS B7IsH] ffs A
Bl Iore ool gago g A5l v A9
3]-@1’4- 350 g/l X ZA0A SC= 4847k o]Ujof] =

E—Er AH(Fig. 1A)5}9 148.14 g/LO] oJES-S A5 =

ofgks A4 E(Fig. 1ByZ EolFth o= Xk tiH|
01]%% BAE =82 FHletA oF 82.83%0]t}. ¥, SFE 72
Al7F B9t 9F 110 g/L9] Zgdat ARSIH I 72.74 g/LY]
]\_:_]—'1%7—:1‘ }\H/K—] ]—Cﬂq—
RS 9 gador 3 FaoM=, amylase /0] 91
A0 el SE7k 7247 B9t ] 36.66 Lo oJeke
BT W, SCE ASAITIHA) oSS IS et
T2A110] 24.82 9] L2 BHSHATKFig. 1D). HEE
oblel 999 53 B SeA scas | g 92
At AL BOIT} 2 9J9iT}. o] M tju| ofeke AJAF 2
2 Zbstd 9F 21.54%0|th. 8 o == w-8-& E3t clear
zone Ao A= SFO AT clear zoneo| EQIE 0™, SCI|
A HIEA ottt ol o) SCE L ofehg A 5

2 M3 Qlout A 3 Selo] BEaha, SFE ARS B

=9 B8 E& Z amylase Z& =9/

o =x

I

o rlr

Se
So

r°l

sfehs Selo] 4R e SE| ofHee AAEA &
e FAT 4 A

3.2. Protoplast FusionE 0/£3! SSF& =+ fE!
SSF& #F& 7dst7] sl SCe SFE Protoplast Fusion

7| HE o]&sto] §35iTh 88 ofH = 100 pg/mL clonnat
o| Z3te YPS HjX|o] =T ¥ 3YU7t “HOJE]'C’% ghelsteitt.
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Fig. 1. Fermentation of glucose and starch by S. cerevisiae and S. fibuligera. For glucose fermentation, a complex medium containing
350 g/L of glucose was used. (A), glucose concentration; (B), ethanol concentration. For starch fermentation, a complex medium
containing 300 g/L of starch was used. Instead of starch concentration, released glucose concentration was measured. (C), released
glucose concentration; (D), ethanol concentration. Error bars are omitted when their size is smaller than the marker symbol. p-values
greater than 0.05 were deemed not statistically significant and thus were excluded from reporting.

1 A7} 6719] w0 A F 40719 colony7} BAE0H, o]
+ A9 A+4(Choi 5, 1997)9} Q2|5}A SCQt QA HEE
= HAOH YPSolA 43 482 gl & Sl olF

L

/370l =3t 27709 colonyE A¥sty, G F2Y Rl
AX Aol A&

3.3. SSF& =+ MY

A= 27719 A9} SC, SFE YPSO| HZ35}a] OD600
< &0l A= vluet Ay}, 48417 Bt OD 0.19]4 1.2 9]
AFo] AL HQl 9719 FF(#1, #6, #7, #10, #15, #18, #20,
#22, #26)5 Adoiyltt. AEY L= 27 ©Y @AYo
& AAsto] oe Ta 58 Blue A0, A& ¥a 24
(Fig. 2A} 2B)01W 9N & 47Me FF7F BFET w2 o
EhS PARsS HAATE E3] #20 o5 48417 Ulof 9F 2.8

546

gL ﬂEH ogtg gl =gste] He Z‘:EE‘r ‘ELI§7}
w27 AP ch(Fig. S1). ol Ui A7t o
222 U8 ¢ e AAYS Holet 3—4 Ztol ]E 3.7
g/Lo ofeh&g Qs #7 52 Algsta e §3A 4
SCHY w2 Z¥E HYoh

Er BHE RA(Fig. 2C9} 2D)OJA = SFE A 93t nE
457t 0/\}6} of[elS AAH LS Hat) o] ATE HlEloZ o

g et 25 SO HE Ta S0 w2 e Y
< 5408 O]'L #20 45 HE 452 AA5I

3.4. J|Z X0 0} SSF B bl

AL AR Bagon BT 4 qlone AHAY
2 B2 AAT 3 94 Helso] ‘*mﬂ gateck /1= o
344 A2 Asio] 7ast AA2 Agsgen, o)E
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Fig. 2. Comparison of nine fusant strains for growth and ethanol production on starch and glucose. S. fibuligera (SF) and S. cerevisiae
(SC) were used as controls, with their roles reversed depending on the substrate. (A), cell density (optical density at 600 nm) and
(B), ethanol production on starch were measured after three days of fermentation, where SF served as the positive control and SC
as the negative control. (C), cell density (optical density at 600 nm) and (D), ethanol production on glucose were measured after
two days of fermentation, where SC served as the positive control and SF as the negative control. Error bars are omitted when
their size is smaller than the marker symbol. p-values greater than 0.05 were deemed not statistically significant and thus were

excluded from reporting.

3 vLy} A7+ A7E S itk 22 2%9) 5%9] TR
o] H7t= B A (solid loadlng 5_73‘)01]*1 HEel A9
g EAS v 7Tt 2% RAAE §3H4| #200] 1.69
g/LO| oeke-S AA3lo] SF(1.47 ¢/L)RTF °F 14.89%, SC
(1.03 g/L)ET} OF 63.64% =2 WAL HATKFig. 3A). o
o, 5% zﬂoﬂ/ﬂh #200] 4.03 g/Lo] oJESS A SF

(4.74 g/L)EE} 3o AnE HYou, SC(3.24 glL)2tt oF
2426% © ¥ ogE A4S Uerith(Fig 3B).

Fig. 394 32.”°1 T 4= %0, 2% A= SFA #200]
SFe} SCof v AA| Ta& 7|7F B AR ofeE *“*Vé
= HQoh 184 5% 204 SF7F #20H T ofg2S o
ol AJAksiH, 7] 48A417F 14101]*1 o] BlE2A| APAtE= 73%}
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Fig. 3. Ethanol production by fusant strain (#20) during fermentation of potato peel under various solid loading conditions. The solid
loading concentrations of potato peel are specified as 2% (A) and 5% (B). S. fibuligera (SF) and S. cerevisiae (SC) were used as
positive and negative controls, respectively. Error bars are omitted when their size is smaller than the marker symbol. The statistical
analysis was conducted based on the maximum ethanol yield, with measurements taken at 96 h for (A) and 72 h for (B).
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2} YA Ba WS SEE AL Fo 2oz e
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Fig. 4. o-Amylase activity of the fusion strain. S. fibuligera (SF)
and S. cerevisiae (SC) were used as positive and negative
controls, respectively. All experiments were conducted with
three biological replicates, with error bars representing standard
deviation. Different letters on the bars indicate significantly different
means (Scheffe post-hoc test, p<0.05). Error bars are omitted
when their size is smaller than the marker symbol.

of meh @b & ok & A7 §4A= SFeF SCo| E4
2 Agsl FE|E, SFRUH= A0k SCHEHE =2 42 |
of ol5 B4 9] AFAQ FHE W ACE woHth &
5] §3H49] g-amylase SZL 27] B 45 E ol g
71101}, maltoseS A3 EalotA] Eal= sHAZ Qg
HE St LA A3 29g A08 Bl

3.6. a-Amylase B5S 55t SSF Z/Xsf

STAY R o-amylase ZAS HA517] Y3l a-amylase
£ B35t A4 daE APsioitt. 848 3% 21
oA ¥a &7t F7sto] 294t Foff e ik 715
oto] X oflgkE AAF AI7HE DEAIFT O] a-amylase B
o] AR9 7l Rl THEeReEN 27 B S5
At Axg 9.

FHoff ollghE AATFS HlWoHH, SF= 7P W 8.62 g/LY]
oS AJAFT} HHH, SC= a-amylase?} glucoamylaseS
A g 27A 10.74 g/L] oe-E-Z AJ4tsto] g-amylase
T Y2 2A9.77 gL)ET 9F 10% 2 BAFE EAT &
AA| #2022 10.87 g/LE SCE HolA & olehEZ AJAksiale
M, o= SC thH] °F 1.2% Y &2 25 HolF3ltk(Fig. 5).
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Fig. 5. Comparison of maximum ethanol production by fusant
strain (#20) with enzyme addition. Different letters on the bars
indicate significantly different means (Scheffe post-hoc test,
p<0.05). SF, S. fibuligera; SC, S. cerevisiae; #20, Fusant. Error bars
are omitted when their size is smaller than the marker symbol.
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Supplementary materials
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Fig. S1. Comparison of ethanol production by 9 fusant strains after 2 days of fermentation with starch as the sole carbon source. Ethanol
production on starch was measured after 2 days of fermentation, with SF serving as the positive control and SC as the negative control.
The comparison highlights the production dynamics of the fusant strains relative to the controls. Error bars indicate the standard
deviation from triplicate experiments.
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