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Optimization of Pretreatment of Persimmon Peel for Ethanol Production by Yeast Fermentation
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A response surface method based on a central composite design experiment was used to determine the optimum conditions
for pretreatment of persimmon peel. It was mathematically predicted that the maximum amount of reducing sugars would be
obtained at an H,SO4 concentration of 1.77% (w/v) and a heat treatment time of 26.4 min. A reducing sugar concentration of
63.23 g/l was obtained under the optimum pretreatment conditions determined by RSM. Under anaerobic growth conditions,
Saccharomyces cerevisiae NK28 produced 15.52 g/l of ethanol with a yield of 0.34 g ethanol/g glucose from pretreated
persimmon peel, which corresponded to 14% and 26% enhancements in ethanol productivity and ethanol yield, respectively,
compared with those obtained in aerobic growth conditions. This study suggests that persimmon peel might be a useful

substrate for bioethanol production by yeast fermentation.

Keywords: Saccharomyces cerevisiae, persimmon peel, fermentation, pretreatment, response surface method

N2 sHARe 12 D47k ATLHE AR Q13
of thAleIuA] ko] W o] thEs| glon, 20054 ol
F 2AA vhol 2 AR A% L uge] MaA F7skn 9l
L ZAjoleh[22). vhol o Azl vhol 2T, Hhol 2.ofeke
Sol glow], 1 FoIAE uoloofeee AES UREY
2 olgstel ANEIL LR S44, AGSS 5 T
S} AEAA ol Q| A% o §3ho] AT Qe 1
20104 ol ¥ FB/H | FF, AFALe] £7)5 S
BAHo] A7 WA Aro] EotEglon, ol e &
ARE 237 Slote] BAA, BAEFE 2 Ao A
B4 50| et wol oWl AT Tg o] Hol 2 ofete S
RSt 77k A= D o2, 4, 12,

237 ol omj At AR o 0 HuAERO AR 7
HE AAOE T FANE BF, WA, S5, 954 2

*Corresponding author

Tel: +82-33-250-6458, Fax: +82-33-241-0508

E-mail: mdkim@kangwon.ac.kr

© 2014, The Korean Society for Microbiology and Biotechnology

http://dx.doi.org/10.4014/kjmb.1403.03005

BAHE 52 o] 3 vho] ou) 27} uhol 2 o A
e AREYRA 71 E 1 QTHY, 17, 19, 28). BA
vpol 2t MEZ 02 Aejol7] o] TYES 0§
ofehe Wi 34 Aol BRE vET BAVPRO] A
St EEGOR MBAY|E AN Tl BRI,
28] ABZOAE o MU T 72 WA TA
ORL FE A 53 A A8 B4 7Rl UeHs,
24,26, 28] ABZ O 29 AHRlo] 93 GEFHL &
4% ol g3t GokBynT o 2dY GAE AT g0
W, Hol B o oriAoA] FE A ASHHE B
s AR ek o] TS| WuE W GIeHL, 3, 7). BIA
vpol Qu 2t AP BN MO R PAHE hFR
BE ANAESES FHL Gom, ASA ] Ysto] ofEE
& QA DR Hgol AsfEE 24 AU 9)
tH1lL 29, 30 R, A, RY, w30, 4R S 2
o FARABEL AT L AAR AL 2L
A o] SATHS, 16,20, 32), 2l uketol A e P EE

SYRAFRY 80% o) 4fo] FUCR ABFEA F5ha 9o

]



o #71& $Iste] grigt FA A QL BLo] WAL
g ols H o Fo EAE $UAYIL o] )2
27402 Bgalol AU 4 Y= 7l47%o] Lasi
[10].

T AdAe s wje Fa% HAE AA S Ye B

A Aol & ofFFo] glo] B4t 7t 255l 7]
Skl Sl AEolth. oA AAtE = 2 2A S
W Ao LY, AA QA 7 Birg F R0l
Al AHEET. X3S AAtske A AP E=
AL AHEEE 7Y 30%° gty = H7] = 9l
Aoln, QA= & E B7|s o] b
3 Asholth[14].
AtolAe 7 73RN FAER A EE A
o]-g3sto] nfo] L oet&-S AYArst7] 9Jste] whEEH
‘ﬂ(Response Surface Method, RSM) [5]& ©o]-&3}o &
H& o] &3 MA YIS HA g6l ARE o] &%
@ B4 7S AEST

£

o rir ay A

o!?.‘. 2 o r =R
Dad

F

o=

é flo Az mX
4

X O
Alsixz
AR AAEE o 7 IR77HA S S8 AH A
Actol| A ATk 201294 AARAE AP AL A%7)| (ISR,

Korea)S o] 83}4] 65°Co| A 48A17F 5ot A=x3dle] £4)7]
(HMF-30008, Hanil, Korea)Z &3t & -20°Co]| XH s}
At

Hx{z| g
e AAAL R A xg AHEH (1.4, 1.5, 1.75,
0, 2.1% (W/v)Z+ 10% (v/v) H] &2 EFsto] A2o)A 14
bt AAg & 121°C°ﬂ A dA s EoH27]. AA2E
B AL o Z WZIA7] AAHE (16,000 xg, 10 min)
%%‘1‘1% 3|5kt El"ﬂ A=HO CaCOsS AL
52 371 T YAEE] (16,000 xg, 10 min)d}
43 & dF % o 72](0.45 um, Advantec,
}oq -20°Co] R34 Th.

o

A
3()).,_9.._&

o]rl'zj
_&.l::

ol
L
L filjo
ofs _‘0_,(

AI%-IA‘I];"

AAY) AR 2AL AT Slste] WS HALY

Pretreatment of Persimmon Peel for Ethanol Production 203

HE o] g3l h21]. AAE] 2L FHTAAAEH (Central
Composite Design, CCD) [31]& ©o]&3}o] A5 (0.5-
3.0% (w/v))et AZAIZH(15-308)] HYE AAs%t =

YASRA FASEX, %) 2 7HERE A, ming A
A5n FEuss A4 T AAE BUF) FEN,,

gHE XA sto] AFL A FH 20 Table 19 e
Ay Aol BAL Design Expert 8.0 (stat-Ease, USA)E

gt

=AEHH

B AT AHEE 5EE 7|2 RE B3 S. cerevisiae
NK28 [15]0]H, @A A4S 2+ 34 (GE Healthcare,
Sweden)E AH8-3te] 600 nmo| A FF=E S5t 24
Bl

AAYE ot AHE Ao DNS(@, 5-

HFLFY %

dinitrosalicylic acid)® [23]2 AFE-3t4TH AA T H 4AZ
of T-5 TFo HAEAL Bio-LC(HPAEC-PAD system,
Dionex, USA)E o] &3] B35}t CarboPac™ PA1
(Dionex) 2 AMEsIG o, o]EA S 2= 18 mM NaOH
2 10 mlmin®] $42.2 AHg3AT AR B 2ol
G5 g A A = furfural, 5-Hydroxymethylfurfural
9 acetic acid®] £4-& HPLC (Shimadzu, Japan)& Al&
31 2™ Rezex ROA-Organic Acid H+ (Phenomenex,
USA) A% 92 0.6 mI/min §42] 0.005 N AL o] %
oz Agaret

wsx

S. cerevisiae NK282 5 ml¢] YEPD (yeast extract 1%
(w/v), peptone 2% (w/v), glucose 2% (w/v))oll HFE3to
35°Coll A 12A17F Fek vkt &, AA 2 FA oA BALH
= AsjAlEol AR Aol FFE nA= RS L5ty
AR oA 1247 53k AvjFst gt 100 m1o] A2
AA 2 EETYY 63.23 g/l, pH 5.5, Table 3)0] Z3Hd
500 mlo] ZetAT o] 27] A EEFE(ODgyo)7}t 0.10] HE
5 AEstel 35°ColA] 96417 B2k warstalet. 5714 u)
e 2|79 WAL EE 200 pmO 2 FATH O,
714 ZAL 100ml HjR] 9 oxyrase(Bioworld, USA)
1 mle F7bsta 237 B9 up/j§ o] §sto] EetAa
& 9B F AFPAGIoIA st

Table 1. Code and level of variables used for central composite design of pretreatment.

. . Code level
Variable Unit Parameter
—a —1 0 1 +a
Sulfuric acid % X4 1.40 1.50 1.75 2.00 2.10
Reaction time min X 23.96 25.00 27.50 30.00 31.04
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Table 2. Central composite design for optimization of persim-
mon peel pretreatment using response surface method.

Independent variables Depgndent
variable
Run X4 Xz Yp
Sulfuric acid Treatmenttime Reducing
(%) (min) sugar (g/l)
1 1.40 27.50 56.16
2 1.50 30.00 59.22
3 1.50 25.00 55.78
4 1.75 27.50 61.37
5 1.75 27.50 57.06
6 1.75 27.50 62.69
7 1.75 23.96 62.69
8 1.75 27.50 62.69
9 1.75 27.50 62.69
10 1.75 31.04 62.69
1 2.00 25.00 60.10
12 2.00 30.00 57.43
13 2.10 27.50 57.94
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Treatment time (min)

Reducing sugar (a/\)

Fig. 1. Contour (A) and response surface (B) plots showing
the influences of sulfuric acid concentration and pretreat-
ment time on reducing sugar formation from persimmon
peel.

Table 3. Composition of the sugar in sulfuric acid- pretreated
persimmon peel*.

Sugar Concentration (g/l)
Arabinose 2.06 £ 0.01
Fructose 18.85 + 0.06
Fucose 2.98 £ 0.01
Galactose 1.5+£0.01
Glucose 18.83 + 0.04
Rhamnose 0.17 £ 0.00
Xylose 18.84 + 0.05

*Data were obtained from persimmon peel which was
pretreated with 1.77% sulfuric acid at 121°C for 26.4 min.
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Fig. 2. Profiles of cell growth (A ), ethanol production (e), and
reducing sugar consumption (#) of S. cerevisiae NK28 grown
in sulfuric acid-pretreated persimmon peel. Averages and stan-
dard errors were obtained from three independent aerobic (A) and
anaerobic (B) cultivations.
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