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Low Viscosity and Rapid Saccharification Pretreatment of Fresh Sweet Potato

for Ethanol Production*
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Abstract Sweet potato is one of the major feedstock for the fuel ethanol production in China. As fresh sweet potato syrup
shows high viscosity, it is hard to be fully converted to glucose by enzymes in the traditional saccharification process. The high-
viscosity syrup is difficult to be transmitted in pipes, which may be easily blocked. Meanwhile it could also reduce the efficency
of later ethanol fermentation. To solve these problems, the pasting property of fresh sweet potato was studied by rapid visco
analysis (RVA). Effects of the pretreatment conditions including the ratio of material to water, temperature, pH, retention time,
and kinds of icons and enzymes on the dextrose equivalent value (DE) and syrup viscosity were also investigated. The most
favorable pretreatment conditions were the ratio of material to water 2:1, 126 ‘C for 5 min, pH 2.5. The amounts of pectinase
and cellulose added in saccharification were 40 U per g syrup and 0.5U per g syrup, respectively. The highest DE of 99.3 and
the lowest viscosity of 4.5X10* mPa.s were obtained by the most favorable pretreatment conditions, while those of 85.8 and over
1.0X10° mPa.s was produced by traditional treatment conditions. The pretreatment could also be applied for the material syrup
without adding water, by which the DE could reach 97.6, higher than of 76.6 in normal process. The later experiments showed
that it had no negative effect on the ethanol fermentation and exhibited lower viscosity. Fig 1, Tab 4, Ref 20

Keywords fresh sweet potato; saccharification; low viscosity; pretreatment; ethanol fermentation
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Fig. 1 RVA pasting curves of fresh sweet potato syrup
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Table 1 Effects of acid-base, temperature and ratio of material to

water on DE
. REKEL
AT oI'c Ratio of material to DE
Treatment water
— 94.57
126
2:1 94.30
0.4% H,SO, _ 846
121 ’
2:1 93.9
— G
121
2:1 79.15
0.4% NaOH N G
116
2:1 76.26

— RKIK; G: EEk. T
—: Without adding water; G: Gelation. The same below
2.3 TAbIEREE. BYE., #Bokik, pHEXN HERBREE
HE{E (DE) B FE I 51T
R HIL,(3%) IE AT Jh AT Ak PR B . I ] . BEK MG
PHIEL X H 2 B DE SRS B2 A 52 437, 245 3R L2 2. il is %2
R 2243 HT, A 25 AR BIV/IN, X DEJE 52 M 9 R 28 32 0 I
M R B L BFTA] RLK EE R pH. 5286 25 5 R 1, 126 C Ak B
A F) T4 = B DEAH, X AT B 2 T V€ M) 1 I i B2k A
fift, PUIR ZHZUMNR IR, 1A FORG B2 [, BB IRTE Tinf vy it WA
it BV 0 A B IR, 7 AE ) R R, B TR
ATt TR O AL 1), T A B IS ()BT, DE{E 8RS , 33 AT REJE
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Table 2 Orthogonal test scheme and results of the pretreatment

factors
] kK
P tmin pH Ratioof ~ DE i Viscosity
No. o/I"C material to (7/mPa.s)
water
1 126 (1) 30(1) 2(1) 1:1(1) 8853  15X103
2 126(1) 15() 25() 2:3(2) 8L73  7.5X102
3 126(1) 45(@3) 3(3) 2:1(3) 7153  54X10*
4 100(2) 30(1) 25() 2:1(3) 6398  67X10°
5 100 15() 3@ 1:1() 7012  57X10°
6 100(2) 45@3) 2(1) 2:3() 6070  18X10°
7 113(3 30() 3(3) 2:3(2) 7108  57X10?
8 113(3) 15(2) 2(1) 2:1(3) 8382  7.6X10*
9 113(3) 453 25() 1:1(1) 7324  11x10*
K1 80.60 74.53 77.68 77.29
K2 64.93 78.55 72.98 7117
K3 76.04 68.49 70.91 69.58
&
Rzag)ge 15.67 10.07 6.77 772

a): T AECT AT EL

a): The numbers in the brackets show levels
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MY 22 ST RE 2 B T T4k FRRE AR T BB VRORG B2 365 W1, Thierry M
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RAE R 2500
Table 3 Effects of pectinase and cellulose on DE and viscosity of
sweet potato syrup

BOKEE i ERRIE

oIc t/min Ranc_) of Enzymatic DE Reducing sugar Viscosity
material to treatment? concentration (1/mPa.s)

water (W/%)

10 - 89.01 26.09

10 2:1 97.21 18.00
126 - B2 97.55 26.31 >1.0X10°
5 2:1 Yes 99.29 18.60 4.5X10*
121 2:1 95.22 17.79 >1.0X10°
110 5 2:1 88.66 16.45 >1.0X10°
SR 10 — w5 76.6 13.99 >1.0X10°
Control 5 2:1 No 85.78 15.96 >1.0X10°

a): BEALBHACAT: HEALI AR EEA0 Ulg. 2T 4k3210.5 Ulg
a): Enzymatic treatment conditions: Pectinase 40 U/g and cellulase 0.5 U/g
added during saccharification
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BAR K-, 52 B T Ak 390 5 R A 94 34 R A A2 PR 3 %o PR 11
TR PR b B W7 L) 2% K PV T B B A, R AR AL IS TR K 1
SRR SR L 3 FE AR T AL B A BARE , E— A WA T Ak
o S N B
2.5 FRAbIBEE X 2 B2 & BEHI S0

2 e 7 TR P B R A T 4 R A T A R I
PR LRI | TR S W, X S N 2R A AR
(201, Sy ST Jab PR R X 2T B () S0, TR B P T AL 3
5 AL B R AT I B LR T LR B, 4 R
UL 24, TE W) BB FEE 4920.69% ST, 26 it kb 30 p H 4
PRV TE L e B vk B R O . R R, AR S R
%4 37 TG 5% 40 b P 0 R 2 LT IR B, 38 2 3k ik
B (1 H S T R AN S 0 5 5 14 2 T . A B IR 1 R TR R
FEAR T HAL BE ARV, A A T R K 15 B 44 4 5 1%
Ji, A R TR N S %

R4 A EHEBRCELENR

Table 4 Ethanol fermentation with the pretreated sweet potato
syrup

LR xR

KIS H Fermentation results
Pretreated Control

VIR Initial sugar concentration (w/%) 2069  20.69
LI Ethanol concentration ( w/%) 9.26 9.24
BRIRJERIE Final reducing sugar concentration (w/%)  0.60 0.63
Bk 5B Final total sugar concentration (w/%) 170 176
KI#C% Fermentation efficiency (P/%) 9110  90.88
R Fermentation intensity (w/g kg™ h%) 0.39 0.39
HEIE Viscosity (7/>10* mPa.s) 6.5 8.6

4R pH{Y Final pH value 3.94 3.95
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