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Abstract — In this study, the pretreatment of Helianthus tuberosus residue had been performed. The two-stage pre-
treatment on flow-through process were applied in the interests of increase of sugar production yield on enzymatic sac-
charification. The delignification by aqueous ammonia and the fractionation of hemicellulose by sulfuric acid solution as
pretreatment solution were confirmed for effects of enzymatic saccharification. Two-stage pretreatment process was per-
formed using aqueous ammonia and sulfuric acid. The first step was performed with aqueous ammonia for 40 min at
163.2 °C and the second step was performed with sulfuric acid solution for 20 min at 169.7 °C. And then, the first step
was performed with sulfuric acid solution and the second step was pretreated with aqueous ammonia. At this time, the
glucose production was 30.7 g and the glucose yield was 72.4% in the first step process with aqueous ammonia. And,
the glucose production was 20.9 g and the glucose yield was 49.3% in the first step process with sulfuric acid solution.
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2-1. M=

& ATl ARSE mlol el sHAITAY F7|(Helianthus
tuberosus residue)s AHESFSITE TEgt vlo] @ ul A~ o] M xje] Ul B4
gfokS §J3h WO = filter paper(Whatman No.1)E ARE-8}3IT}.

Hlo] @ u 2= 30~50 meshE ARS8t Td gt A271¢] 7135 A}
3311 45°C2] 220l FxBte] ARSIt Hlo| Qml| 0] 8
T3 52 Glucan 42.4%, Xylan 17.1%, Galactan 1.1%, Arabinan
0.9%, Mannan 1.6%, Lignin 21.9%, Ash 4.9% 19 31 Extractive 4.7%
2 7dHo] v

AFE-¥ 84+ Celluclast 1.5L(Cellulase, Novo Co., Denmark)3}
Novozyme-188(B-glucosidase, Novo Co., Denmark)S AHE-3131 Tl
a4 A3 (Activity)= Celluclast 1.5L2] BAJ3153= 65 FPU/ml
©]1L Novozyme-1882] &/J3}=+ 48 CbUmIZ A HATH
[13,14].

2-2. MA2| 28
TEY Xﬂ;qa] Tl Fo FAL
= S71(W5-27 3 em, Z29] 19.4 cm, WH-H-3] 137 cm’)
a8ar °—'1J x{zo HAE g5 o] Itk a5k vhg-2 Hlo] e mlj A
7} T8 FE W7 UR-E A8 SlE SR ) HE
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HAE 7= 2P A ~Y(SS-316)% AIZE Gl om, gl
=5 HI= 51K40GN CW(Oriental motor Co., LTD, Japan)S A}
skict. 4 A W 255 AR
[Eat=s *Fﬁom Back pressureE TAIAIF) O ZH] Gl TGN
& BATA A8 o] SHkE WA SRS sto] &
S71614 3 2/8 Whgo] HAE TS siglvt. & & 574
sto] WHg7] Who 2 REFE WY A2 W A a2
skelth §hE-710) T =)= vho] @A o] RS o] QA
of 23] 20 g& FHBIGITE HE S-S ST S T2
71 W57 97 2ol st o] $5-E] AIRE QL §E7] U]
F7F hE 25E EgEb] AsiAe 4 AR oAzt
(Preheating time)°] & Q3T 81| o] F-4-2 A=) Al7tel] w2}
5~10 ml/min AFolellA 24w lek. A 2] vpo] Q= 7] 5st
R o 45 °Ce] 2ellA] Azt 2HE s AASIAT
[12,15-17]. =5+ 359 RE&7|oM= A2 v 8l E dAe] x
Aol whe} 2| = 288 ok A2 E AT = Ak 21 HA
2 3L shte] A& whe71E ARgste] 971 9 A GulE At
Ao 7 Agatglon, olgfst 32 T g0l HE A F49
T RS FHET BF3lvH12,18].
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2-3. EAEs

B G Azt Eekase] 242 uto] @ul| 8 Jd A 2]l nlo]
L | AE sodium citrate buffer solution(0.5 M, pH 4.8)°ll 7] &-5%
5 %(wiw)= 235 & 2 50 °CollA] 72A17F 52t 180 rpm2] &k
wjek7 oA =8 E ). EAE Celluclast 1.5 LY} Novozyme-188
< Z+7} 60 FPU/mIS} 32 CbU/mIS] B4 3L (Activity)= HE53H3A
t}, o] & UAAIZE 7HA © 7 AR5 2F5F] HPLC(Waters, USA)

2 BT B R0 A EEE 0|98 G4 TEeo U}
%ﬁ o] A olErH19].

Enzymatic digestibility (%)

The amount of glucose released (g)x0.9
= % 100

Total initial glucan (g)

2-4, 2A4HHH
AA ] A5 vpo] e8] it 2] 1L u]HAIA el A AT
Z~(NREL: National Renewable Energy Laboratory)o| 4 #| &3l &
A S ARESte] ZF Ae] BH-ERS EATEEITH20]. S-S &
AHT72%)ell ¥ oL 30 °Coll A 2A17F E<t 12} AL 7RSS A7)
o] 3% £ 1X7F F<l 121 °Coll A 22} 7S & sl 7
3l¥ A5 HPLC(Waters, USA)E ©]-8-3o] 2} g+l tist %
S s 2l 1d Ad+E-2 NREL procedures LAP-003¢]|
A5t Th, M-S SAH72%)0] WAt 20 °ColA 2
AIRE SR RESAIZL Fofl 2H3%)elA] 4113t B2t E3AT 71 o] 5]
BalEA] g FoleE S7ste] gld AE-E ARleigith & 4
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(Waters Co., USA)E AHg-3to] 243131 TE HPLC 759l ko]
o542 5 mME] H,S0, €& AHE-3Fl AL 452 0.6 ml/min®.
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Jl SFFTeA, AURE A Fo vlo] o ~0] A7 F4L Bio-lad
2] Aminex HPX-87P columns AHE-8191 1 A8 Q] &%1= 85°C
2 AR T3 gstole] Pt W kg ol o) ofghg A
Aminex HPX-87H columne ARE-31 1 A3 Q] 25+ 60 °CE A
A= AeH21].

3. &4 A &

54 G T S8l 358 AE AAE 3 SRR =
719] AAelE A{AIZT AR 2719 HE A2 3ol o
o H2 2105 o Sal ] S18) vto] emjAe] HAje]of ek dF
< AR A 8l SAIEE H 4 Tl Rk
A9 (RSM: Response Surface Method)yS AR 21318 7185}
% %

A0S FASHATE 7hg 2 P4 o] AFEE AT E ol
Stat-Ease softwareA}2] Design-expert 8.0°] T}, 2 2] 3]i= Box-Behnken
experimental design® = AdA5}o] ARE-SIATE

4 Wi wet SR I SE T ad AAE vAE
Qe sl Lotrgton HA xS oS5ato] ai deEs 7
sHith HA 218 A5 98 AAEe Yol A &
ol thste] A ATE A 2|7} e upo] QA= BAF A
A4S B aAdElE xlasisiTt.

3-1. UDLIOKR| 2|3 RSM %[ X5}
dR Yol ot HE WA Y HA 1S o537 $13)
Table 12} 22 2708 34 Sa88F3itt. A2 A3 A4

Table 1. Independent variables for optimization of flow-through
pretreatment by aqueous ammonia

Level
Independent Variable Symbol I ege S I
Aqueous Ammonia
concentration (Yo(w/w)) X 10 15 20
Temperature (°C) X, 130 170 210
Reaction time (min) Xs 20 30 40

559 AET70l o JARE £719] Al 419

ZA vlo] Quj Ao} s AkE A g]o] A} IE 10~20%
(wiw) EE2] RUolrE Gl = slo] =838I3irH16,21]. Bgh =
5 29 HI9lE 130~210 °C2 dste] A3E siQlth 2% xxd0]
210 °C ool == -9 Hhe7] UiF-2] qteo] shAlE HofAl7] wf
ol gt AFo] XE o Tk 1A 250 deAs
210 °CZ 2431, 18] 3L Wk AJ7RS 20820014 408 Alo] 2] 1
F1= AAste] F3sIGiTh WA £l 9] E5-8 5~10 m/min®]
F&or dsh= A ow ARGt H Ak a4 gkl 5
7ho| B 7 slo] 23] At 1HE AL, FFIALA I5E,
2 AAE, 54 S-S Tete] 28581311 71 A 7= Table 29
HeRA ATt

Enzymatic digestibility

=759+4.0X,+21.2X,+238X;— 1.57X,X,— 141X, X;— 5.17X,X,

+2X3 +0.38X3 —3.34X32

= oSe #2490 w3 1 A3l= Fig. 19 YERYSIH
SEHIEA Y of] &J3HH R olre| st HiXAET]4] A&
2 20 %(wiw) =2 dEUYoFER 163.2 °Co] Hh--2
40%-2] WEgAI7Ro 2 AR g7 el o) e HA 21

o7 o] & = Qo o S3Gith NS EHEREA R oA olS5H

< ST G Yol A el tigk vl
TOF e 2 ol WS AIZE 2 0 7 Aro)| ot WA 3
SHATE oA S HA 1S B3 HE AAY TN 1HE 3
EEL 64.1%% YERLIL 63.0%2] 2]1d AAET 95.6%2] 25
F o B8-S G o] Mg ulo] oA thel) A
3= X385}0] Fig. 29} 72] 70.9%2] &4 @3-S F1si9iT).
AAA Q] vlo] Qul| o] A2 Af, Faks 9 ok A 52
Q7] HsiAlE Aol tist £ 572](Mass balance)s T-3hH= 2]
Z Q&) nlo] Qui A~ ZHE] Hofd 4= 9l FolEd WA 52
I3}, Baagel| ] £AEE T 2l Ve RS ghetsllofnt st

g ATES s vk

Table 2. Optimization results of flow-through pretreatment by aqueous ammonia

No. X, X, X; Solid remaining Glucose recovery Lignin removal Enzyma.tic digestibility
(%) Rate (%) rate (%) (% theoretical max. glucose)

1 0 1 1 56.0 80.3 319 90.1

2 1 1 0 56.4 86.3 374 99.9

3 0 0 0 644 94.9 38.6 75.1

4 1 0 1 61.6 95.1 494 82.8

5 -1 0 -1 672 91.2 313 63.5

6 -1 -1 0 76.8 88.6 18.8 535

7 0 0 0 65.7 90.1 37.0 75.6

8 -1 1 0 554 81.5 17.5 97.7

9 1 0 -1 63.3 84.9 309 77.0

10 0 0 0 65.0 86.2 404 78.7

11 0 -1 1 752 94.1 20.9 56.6

12 0 1 -1 56.6 88.1 33.0 99.6

13 0 -1 -1 772 929 15.5 455

14 0 0 0 64.1 88.4 39.1 774

15 1 -1 0 74.8 852 24.0 62.0

16 -1 0 1 65.7 952 40.0 75.0

17 0 0 64.8 923 382 72.6

Korean Chem. Eng. Res., Vol. 53, No. 4, August, 2015



420 kg

Design-Expert?Software
Enzy matic digestibikity
@ Design points above predicted value

o
999
100
4545

X1 = A: Concentration 90
X2 = B: Temperature

>
=
Actual Factor 3 8
C: Time = 40.00 k4
o
2
©
o
=
©
€
g
10.00
1400
16.00
" o T r
A: Concentration 8: Temperature
Design-Expert?Software
Enzy matic digestibility
999
4545
X1 = A: Concentration
X2 =C Time
80
Acwal Factor
B Temperature = 163 15
>
=
g
2
)
2
°
o
=
3
£
g
]

16.00
C:Time
A: Concentration
2000 2000

Design-Expert?Software

Enzy matic digestibility

@ Design points above predicted value
°

999
4545
X1 = B: Temperature

X2 =C Time

Actual Factor
A: Concentration = 20 00

Enzymatic digestibility

21000 © 2000

Fig. 1. The surface response plot of the effects of concentration, tem-
perature and reaction time on enzymatic digestibility of pre-
treated Helianthus tuberosus residue by aqueous ammonia.
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Fig. 2. Enzymatic digestibility of pretreated Helianthus tuberosus
residue by aqueous ammonia at 163.2 °C for 40 min.

S.R.:60.1% 72 hr
Pretreatment (60.1 g)

Helianthus t. (100g)
Cellulose : 42.4 g
Hemicellulose : 17.1 g
Lignin: 219 g

Enzymatic
Saccharification

Glucose : 28.7 g (67.7%)
Xylose : 6.3 g (36.8%)

Solid phase
Cellulose : 40.5 g
Hemicellulose : 10.8 g
Lignin: 7.7¢g

Liquid phase
Glucose : 1.5 g ( 3.6%)
Xylose : 6.1 g (35.7%)
Lignin : 14.2 g (64.8%)

(@) By 20%(w/w) aqueous ammonia

SR.:66.6% 72 hr
Pretreatment (66.6 g)

Helianthust. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g
Lignin: 219 g

Enzymatic
Saccharification

Glucose : 15.7 g (37.0%)
Xylose : 3.1 g (18.1%)

Solid phase
Cellulose : 40.0 g
Hemicellulose : 8.3 g
Lignin : 17.1 g

Liquid phase
Glucose : 2.0 g( 4.7%)
Xylose : 8.2 g (48.0%)
Lignin : 4.8 g (22.0%)
(b) By hot-water

Fig. 3. Mass balance of pretreated Helianthus tuberosus residue at
163.2 °C for 40 min.
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Table 3. Independent variables for optimization of flow-through
pretreatment by sulfuric acid solution

Independent Levels
Variable Symbol -1 0 1
Sulfuric acid solution
concentration (Yo(w/w)) X 0.5 1.0 1.5
Temperature (°C) X, 130 170 210
Reaction time (min) X5 20 30 40
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Table 4. Optimization results of flow-through pretreatment by sulfuric acid solution

No. X, X, X; Solid remaining Glucose recovery Lignin removal Enzymgtic digestibility
(%) Rate (%) rate (%) (% theoretical max. glucose)
1 -1 0 1 52.0 80.4 273 65.3
2 1 0 26.8 0.9 1.3 63.9
3 0 1 -1 264 3.8 1.0 93.4
4 -1 1 0 26.9 122 4.8 98.1
5 0 -1 66.5 80.8 18.7 26.1
6 0 0 0 53.8 82.5 22.5 61.0
7 -1 0 66.0 84.2 1.1 317
8 1 0 -1 49.6 72.5 24.1 69.6
9 -1 -1 0 74.7 79.5 16.6 24.0
10 -1 0 -1 53.1 85.5 37.8 60.0
11 0 0 0 524 77.0 15.7 65.5
12 1 0 1 48.1 72.8 24.8 71.6
13 0 0 0 51.1 75.0 21.0 67.1
14 0 1 1 279 14 32 722
15 0 -1 -1 712 90.2 14.0 249
16 0 0 50.5 72.1 15.9 714
17 0 0 0 514 752 16.1 65.8
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Enzymatic digestibility
=66.16— 132X, +27.6X,— 1.6X;— 1047X,X,— 0.84X, X,
—5.62X,X;+038X3 — 12.12X3 +0.099X3
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2% A% AA TS Table 59 2 %7102 S 28
2% A= 2 2AME ouyolrgl A4 g elolss,
FAF §OIT} A, Q591 B G, Juiolrel 4k g} )
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OﬂD} A 1632 °ColM 400 Bt YR YolrR A E §F 5 2>
b 2 AR S A AR E st vile] 4 TH
—% Gefete] B 2o} - AL Bok Aepel] o9 WA E
5k 3o ek ol 2 AA 8= 430811 Fig. 83} 7o) EX] T
15 TSkolth Yol WA TRl g ol SFaes *g
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Fig. 4. The surface response plot of the effects of concentration, tempera-
ture and reaction time on enzymatic digestibility of pretreated
Helianthus tuberosus residue by sulfuric acid solution.
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Table 5. The experimental conditions for two-stage pretreatment process

N
_LL;

SR.:54.9% 72 hr
Pretreatment (54.9 .
Helianthus t. (100g) ) ( ) Enzymatic
Cellulose : 42.4 g Soél‘}lpll"as"" 70 Saccharification
Hemicellulose : 17.1 g Hemichlluxng: B 2'8§ Glucose : 18.2 g (42.9%)
Lignin:219¢ Lignin : 13.8 & Xylose : 0.8 g ( 4.7%)
Liquid phase
Glucose : 4.0 g( 9.5%)
Xylose : 13.9 g (81.3%)
Lignin : 8.1 g (37.0%)
(@) By 0.5%(w/w) Sulfuric acid
SR.:71.4% 72 hr
. Pretreatment (71.4 .
Helianthus t. (100g) retreatment ( & Enzymatic
Cellulose : 42.4 g Sohdlphase: Saccharification
Hemicellulose : 17.1 g -Cel ulose : 33.6 g Glucose : 12.2 g (28.8%)
Lienin : 21.9 Hemicellulose : 11.7 g Xylose - 3.5 2 (20.5%
gnin 2198 Lignin : 164 g ylose : 3.5 g (20.5%)

Liquid phase
Glucose : 3.5 g( 8.3%)
Xylose : 5.0 g (29.2%)
Lignin : 5.5 g (25.1%)

(a) By hot-water

Fig. 5. Mass balance of pretreated Helianthus tuberosus residue at
169.7 °C for 20 min.
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Fig. 6. Enzymatic digestibility of pretreated Helianthus tuberosus
residue by sulfuric acid solution at 169.7 °C for 20 min.
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Condition 1 Condition 2 Condition 3
Solution Aqueous ammonia Hot water Sulfuric acid Hot water Aqueous ammonia  Sulfuric acid
Concentration (Y%o(w/w)) 20 - 0.5 - 20 0.5
Temperature (°C) 163.2 163.2 169.7 169.7 163.2 169.7
Reaction time (min) 40 40 20 20 40 20
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Fig. 7. Enzymatic digestibility of pretreated Helianthus tuberosus resi-
due by two-stage methods.

Two-stage (NH,OH - LHW)
Pretreatment (59.2 g)

Helianthus t. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g

Enzymatic
Saccharification
Glucose : 28.9 g (68.2%)

Solid phase
Cellulose : 38.8 g
Hemicellulose : 9.7 g

Lignin :219¢g Lignin: 9.1g Xylose : 6.2 g (36.3%)
SR.:59.2% v 72 hr
Liquid phase

Glucose : 3.2 g( 7.6%)
Xylose : 7.2 g (42.1%)
Lignin : 12.8 g (58.4%)

Two-stage (LHW - NH,OH)

Pretreatment (54.3 g)

Solid phase
Cellulose : 39.4 g
Hemicellulose : 5.0g

Enzymatic
Saccharification

Glucose : 23.6 g (55.7%)

Helianthus t. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g

Lignin : 219 ¢g Lienin - 8.68 Xylose : 2.5 g (14.6%)
SR.:54.3% v 72 hr
Liquid phase

Glucose : 2.6 g( 6.2%)
Xylose : 11.7 g (68.4%)
Lignin : 13.3 g (60.7%)

Fig. 8. Mass balance of pretreatment by 20%(w/w) Aqueous ammo-
nia for 40 min and Hot-water for 40 min at 163.2 °C.

Two-stage (H,SO, - LHW)

Helianthus . (100g) Pretreatment (48.1 g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g

Enzymatic
Saccharification
Glucose : 19.4 g (45.8%)

Solid phase
Cellulose : 34.2 g
Hemicellulose : 0.9 g

Lignin :219¢g Lignin : 12.9 g Xylose : 0.4 g (2.3%)
SR.:48.1% v 72 hr
Liquid phase

Glucose : 7.8 g ( 18.5%)
Xylose : 16.0 g (93.6%)
Lignin : 9.0 g (41.1%)

Two-stage (LHW - H,SO,)

Pretreatment (50.8 g)

Solid phase
Cellulose : 36.2 g
Hemicellulose : 23 g
Lignin : 12.0 g

Helianthus t. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g
Lignin :219¢g

Enzymatic
Saccharification

Glucose : 22.0 g (51.9%)
Xylose : 1.0 g (5.8%)

S.R.:50.8% ¢ 72 hr

Liquid phase
Glucose : 5.8 g (13.7%)
Xylose : 14.6 g (85.4%)
Lignin : 9.9 g (45.2%)

Fig. 9. Mass balance of pretreatment by 0.5%(w/w) Sulfuric acid
solution for 20 min and Hot-water for 20 min at 169.7 °C.
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Two-stage (NH,OH - H,SO,)

Pretreatment (58.6 g) E atic
Solid phase Saccharification
Cellulose : 38.5 g
. . Glucose : 30.7 g (72.4%)
Hemicellulose : 9.2g Xylose : 63 § (36.8%)

Lignin: 9.1¢g
SR.:58.6% v

Helianthus t. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g
Lignin:219 g

Liquid phase
Glucose : 3.5 g( 8.3%)
Xylose : 7.7 g (45.0%)
Lignin : 12.8 g (58.4%)

Two-stage (H,SO, - NH,OH)

Pretreatment (48.1 g)
Solid phase
Cellulose : 32.8 g
Hemicellulose : 12 ¢
Lignin: 140 g
SR.:48.1% |

Helianthus t. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g
Lignin: 219 g

Enzymatic
Saccharification

Glucose : 20.9 g (49.3%)
Xylose : 0.3 g(1.8%)

Liquid phase
Glucose : 9.2 g (21.8%)
Xylose :15.7 g (91.8%)
Lignin : 7.9 g (36.1%)

Fig. 10. Mass balance of pretreatment by 20 %(w/w) Aqueous ammo-
nia for 40 min at 163.2 °C and 0.5 %(w/w) Sulfuric acid solu-
tion for 20 min at 169.7 °C.
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