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Optimization the Xylose Fractionation Conditions
of Pepper Ster with Dilute Sulfuric Acid

Kyung-Yoen Won and Kyeong-Keun Oh*
Department of Applied Chemical Engineering, Dankook University, Cheonan, 330-714, Korea.

Abstract Response surface methodology (RSM) was used for optimization the fraction conditions of xylose from pepper
stem with dilute sulfuric acid. The independent variables were acid concentration in the range of 1.134 to
2.866%, reaction temperatures in the range of 142.68 to 177.32°C, and hydrolysis time in the range of 6.34
to 23.66 min. were studied. The dependent variables were xylose yield from pepper stem, and the production
of by-products, for example, furfural, acetic aicd, HMF etc. Experimental results had a good match with
statistical result. The maximum xylose yield obtained in this experiment was 71% concentration.
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Table 1. The chemical composition of pepper stem

BT, 14~45 mesh 7)) A2 AeJA] 45 + 5CoA
24717t AT AEE AMSSI ST o] W) AR FEdtE
2 8.05%FTHG TaREA7), Mb4s, Ohaus, Switzerland).
B AoMe 315 AR 71523E] £F 9 (standard)
07 D-EFFIZ D-AYEZR L-ol2H|i=2 (Sigma-Aldrich
Co., USA)E AME-3}4L

e3}8 24 (Carbohydrate analysis)

T3 BeEERA}S NREL/TP-510-4262391 we} A8
HATK14). 9A SplERAS 98l FHlE 15 AR
03 + 0.01 g& A33] FH3t 20 mL test tubed] Hil
72% B3+ 3 mLE FUT o 15-208 HH o= Ao
FHX 2417 F<F 30C ] L4 (shaking water bath,
Dea ill Co., Korea)ollA] BF-AIZITE 2417 & 84 mL9]
Z79 ¥ autoclave-d 100 mL ® (Laboratory bottle,
Duran, Germany)d| 7}8l] At FEE 4%=E @& &
autoclave (Model 8000-Dse, Nap Co., Korea)ol|A] 1217C,
607 vk AT Bk F w3lElE Y S B
A Ak Fo| D-FFF=, D-AYEZE Lol
(Sigma-Aldrich Co., USA)E Z-& Z7ol|A kg AZiTh
RS & A7 AN ARE S (CaCOon) R
Z3lsla YAE2]7) (UNION 32 R, Hanil)S 53] 94
g A7 & A8 SRS 10 mL FAPIZ FHs) 045 uM
FA}714 HE] (PVDF syringe filter, Whatman Co., England)
2 oJ3} 3 HPLC (Breeze HPLC system, Waters Co., USA)
g S8 BAsiAth

Zad o HEEY

T3] vlo]emf2o) By @ 3E 42 NREL/TP-
510-42618° W} A3 FAck15). o 48 8
FHE 3150] A& 2 g2 100 mL FEAEH %
gt 30 mLE F43le] 2417 F9F wREAIZ1 F, 560 mLo
ZHTE AR F 44 Bet 8% WZsle IR 3
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575 £ 3C 9] A7|ZA 4A1Z o 3lgA] & & o
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38 EA43= Table 19 YeRAITH

Extractive (%)
Glucan (%) Xylan (%)  Arabinan (%) Lignin (%) Crude Protein (%) Ash (%) Total (%)
Ext. (EtOH) Ext. (Hexane)
36.91 £ 052 1396 + 035 1.15 1 005 1752 £ 158 1148 £ 025 25 + 0.05 551 £ 05 348 £ 0.22 9251 £ 3.52
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Table 2. Factor and their level for central composite design

Coded factor level

Variable Symbole
-1 -1 0 1 1732
Reaction temperature (C)  X; 14268 150 160 170 177.32
Acid conc. (wt %) X2 1134 150 2 25 2866
Reaction time (min) X3 6.34 10.00 15.00 20.00 23.66
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= B2 E(X), A &
(Xo) S WA (X% 7} A5 & e

Y = 6.61 - 0.85X; + 0.32X; + 0.01X5 -
0.71X:Xz + 0.03X2X5 - 0.10XX; -
0.79X,> - 0.35X5” - 0.16X5° (1)

2 (DO ERE -2 % (-0.86), AF5E (1.17), ¥H&A7
0419 Z= #HE & F Yoy 47 Hgen
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Table 3. Three-variable, three-level fractional factorial design
for the pepper stem hydrolysis

independence Variables. Dependent Variable

Coded Value Real Value
Xylose yield (%)

Xi:T Xo:AC Xs:t T () AC (%) t (min)

17320 0 142.68 2 15 54.38
1 1 0 150 15 15 55.65
1 0 -1 150 2 10 64.6
1 1 1 150 25 20 67.52
0 0 1732 160 2 6.34 66.26
0 1 -1 160 25 10 60.49
0 1732 0 160 1134 15 52.46
0 1732 0 160 2.866 15 63.14
0 0 0 160 2 15 58.02
0 0 0 160 2 15 66.4
0 0 0 160 2 15 68.41
0 1 1 160 1.5 20 63.41
0 0 1732 160 2 23.66 56.66
1 1 1 170 1.5 10 43.56
1 0 1 170 2 20 48.62
1 1 0 170 25 15 419
1732 0 0 177.32 2 15 33.12

T = temperature, AC = acid concentration, t = reaction time.
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Fig. 1. Response surface and contour lines described by the
model equation representing xylose conc. from the
hemicellulosic fraction of pepper stem.

(a) Reaction temperature = 150°C, (b) Acid concentration
= 3%, (c) Reaction time = 15 min.
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Fig. 2. Hydrolysis of pepper stem under optimized conditions.
Acid concentration : 2.8%, Reaction temperature : 147°C,
Reaction time : 21 min.
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dzlelo] lgRdo g FEHUG Fadd IE Y7
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Table 4. Composition of solid and hydrolyzate of pepper stem

. - Material
sample we@t Solid Liquid balance
remaining

Glucan Xylan Klignin ash  Glucan Xylan Glucan Xylan
Untreated 36.91 1396 3201 348
treated 623 5397 245 2825 135 286 1085 9542 8868
ireated’ T 3362 153 176 084 (-458) (11.32)
component 8995 1089 5498 24.14
retention (%)
oloix| &4

SEM (Scanning Electron Microscope) 4]
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Fig. 3. SEM micrographs of the pepper stem.
(a) Before Dilute-acid xylose fractionation.
(b) After Dilute-acid xylose fractionation.
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XRD (X-RAY Diffractometer System) 2

Fig. 4] XRD #4] (MAX-2500V, Rigaku Co., Japan)<
Zal 20789 18.7°~22.5°00 A2 Intensity 2t =4
Skt HAgRANAM Y] F2 kS o] 83 AUz =
i 59 Aot A A5 Crl (Crystallinity index) &
Z¥7ZF 44.77, 33492 JEIGTE AYdE= B 23} 3
AN 2= B B A7 449 Crl (Crystallinity
index)7} AL 2= B8 A A ERT 33.7% O =4 Ut
W olfie #2 A JAE 34E B AAAaE e
Qe WA A He] FRE] AAH AR
2A% =t w2 S48 Aoz duElth

4000
a — ntreated
----- Treated

3000
2
@
C 2000
o
E

1000

0 . .
0 20 40 60 80

20 (deg.)
Fig. 4. Analysis of XRD (X-ray diffraction spectra) The specimen
was scanned from 2 6 = 10° to 80° with a step size of 2°.

°. 3
EEREH A9 AIdE= F8E IS F A
A A5 4 YAk A4 42 A FF 92
147C, 4} F% 2.8% HyS0s, WHSAIZE 21 min. 9&
T AUANT FHH FHNAM ] PP o
o oF 7% W& 71% AYEZ F8L o

w2
m

£

|

2
M
1x
fllo
oft
e

3,
_>i"_',
i)

2
]
o

>
z m[o
B
038
3%
>N

—

1

gF Aot 23 Ho] FEddoE Ade=e
Ses TPEeR 1 & AT A B
of At =t MAe AEY SVHlee 89 @

. o|ER HIAEA E- v 71E A
° Gihs o8 AR = BETA ) £
s s

‘

e
X2

A

o

]

1o

3o
iy 27

ro &

o 4y K oolo ox

i

Soista st ATRagshael A4l

020099 59 18, AAEA 1 2009 6¥ 26¢

REFERENCES

1. Ejji K., H. Sato, S. Takahashi, H. Noda, C. Fukuhara,
and T. Okamura (2008), Liquefaction kinetics of
cellulose treated by hot compressed water under
variable temperature conditions, J. Mater Sci. 43,
2179-2188.

2. Petersson, A., T. H. Mette, H. N. Henrik, and T.
Anne-Belinda (2007), Potential bioethanol and biogas
production using lignocellulosic biomass from winter
rye, oilseed rape and faba bean, Biomass and Bioenergy
31, 812-819.

3. Juan, I. M., V. A. Alvarez, V. P. Cyras, and P. Analia
(2008), Extraction of cellulose and preparation of
nanocellulose from sisal fibers, Cellulose 15, 149-159.

4. Wada M., G. J. Kwon, and Y. Nishiyama (2008), Structure
and thermal behavior of a cellulose I-ethylenediamine
complex, Biomacromolecules. 9, 2898-2904.

5. Baek, S. W. (2004), Production of sugar by dilute
acid hydrolysis of biomass : SEDAP treated oak
wood and sugarcane bagasse, M. S. Thesis, Dept. of
Industrial chemistry, Dankook university, Korea.

6. Karaosmanoglu, F., E. Tetik, and E. Golld (1999),
Biofuel production using slow pyrolysis of the straw
and stalk of the rapeseed plant, Fuel Processing
Technology 59, 1-12.

7. Wyman, C. E. (1996), Ethanol production from
lignocellulosic biomass: Overview. In Handbook on
Bioethanol, Production and Utilization (Wyman, C.
E., ed.), 1-18, Taylor & Francis.

8. Keikhosro, K., S. Kheradmandinia, and M. J. Taherzadeh
(2006), Conversion of rice straw to sugars by dilute-
acid hydrolysis, Biomass and Bioenergy 30, 247-253,

9. Han, K. H,, J. H. Ko, and S. H. Yang (2007),
Optimizing lignocellulosic feedstock for improved



366

10.

11.

12.

13.

14.

biofuel productivity and processing, Biofuels Bioproducts
and Biorefining 1, 135-146.

Oh, K. K, S. I. Hong, and Y. Y. Lee (1998), Optimization
of ammonia recycled percolation process for lignocellulose
biomass pretreatment, J. Kor. I Chem. Eng. 36, 784-791.
Baek, S. W, J. S. Kim, Y. K. Park, Y. S. Kim, and K.
K. Oh (2008), The effect of sugar decomposed on the
ethanol fermentation and decomposition reactions of
sugars, Biotechnol. Bioprocess Eng. 13, 332-341.
Park, K. H., Y. G. Park, J. Y. Yoon, and J. K. Jang
(2007), A prospect agriculture 2008, 807-820, Korea
Rural Economic Institute.

Hong, J. G., Y. H. Park, and J. S. Seo (2002), In
compliance with the bioconversion of recycle, concepts
the efficient use technical development of the agriculture
waste, Rural Development Agriculture 288-290.

A. Sluiter., B. Hames, R. Ruiz, C. Scarlata, J. Sluiter,
D. Templeton, and D. Crocker, (2008), Determination
of sugars, byproduct’s and degradation products in
liquid fraction process samples, NREL/TP-510-42623.

15

16.

17.

18.

19.

. A. Sluiter., B. Hames, R. Ruiz, C. Scarlata, J. Sluiter,
D. Templeton, and D. Crocker, (2008), Determination
of structural carbohydrates and lignin in biomass,
NREL/TP-510-42618.

Canettieri, E. V., Mo. G. J. R,, J. A. Carvalho Jr, and
I. B. A. Silva (2007), Optimazation of acid hydrolysis
from the hemicellulosic fraction of Eucalyptus grandis
residue using response surface methodology, Bioresource
Technology. 98, 422-428.

Jensen, J., J. Morinelly, A. Aglan, A. Mix, and D.
Shonnard (2008), Kinetic characterization of biomass
dillute sulfuric acid hydrolysis: mixtures of hardwoods,
softiwood, and switchgrass, AIChE Journal. 54, 6.
Keikhosro K., S. Kheradmandinia, and M. J. Taherzadeh
(2006), Conversion of rice straw to sugars by dilute-
acid hydrolysis, Biomass and Bioenergy, 30, 247-253.
Xing, Q., Y. Y. Lee, and R. W. Torget (2004), Kinetic
of glucose decomposition during dilute-acid hydrolysis
of lignocellulosic biomass, App. Biochem. Biotech.
113-116.



