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The demand of L-arabinose has been increased recently because of its advantages including clinical effect. L-arabinose can
be produced from dilute acid hydrolysis of agricultural wastes. In this study, optimum conditions of L-arabinose production
using dilute acid hydrolysis of agricultural wastes and nutshells were determined. Among the tested various agricultural
wastes and nutshells, corn fiber was selected as the best raw material for the production of arabinose. The highest
arabinose production was achieved an acid hydrolysis of corn fiber for 1 h at 130°C with 0.4% sulfuric acid. Above optimal
conditions, it was obtained 20.1 g/L glucose, 10.1 g/L xylose, 7.8 g/L arabinose and 1.8 g/L galactose from 90 g/L of corn
fiber. For the purification of arabinose, it was carried out to remove all of sugars except arabinose by the Candida tropicalis
cultivation of acid hydrolyzate and an organic contaminants such as pigments by the active carbon treatment of fermentation
broth. Moreover, experiments were carried out to eliminate an ions by exchange chromatography. Finally, we obtained 3.1 g
of partially purified L-arabinose powder with about 40% yield by evaporation and vacuum drying.
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g FHoAN BF FAAALS Tl @43 Dolxls A
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e 4ge Aoz olgskt A pH AFTA
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ALBH S 3 SMEHA

£ Ao A3 FF+= Candida tropicalis ATCC 20336
& 8T A8 T SAALLL com fiber ($55 2
G 9 S5 AR AN BAY RPBE 243
HE (BORAK, Co)Oo 2R E] ZFFugka, com stalk (25
a° W), com cobs (55 &; §FF €¢o| AAE R,
rice straw (W), rice hull (&A), rice bran (¥]7}), coconut
shell (2324l A3, peanut shell (3 4 3Z), walnut shell
(5 Z4), chestnut shell (3 Z =), gingkonut shell (23}
H44), arcon shell (EE2 AF) 52 AFAAM 7943
o]-&3} A tt.

i 2Ful x| 2! uf b=

HAEE dF9 MYE2 20 gL glucose, 10 g/Le] yeast
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mpmO. 2 e wjeket it ZE MgS 3 28 FF
o & 5% vvE JYTh A JpgEE] vhge B d
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H,SO, 89 300 mLo] Y& Fo] 120TojA 6087+ 100
pml. = WRFSIHA S P E MG YR zRY
arabinose&] A4S #3F MF%, WS E, wSA7E 713
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SZAAM 130CE 1A BHSAIA L2 4F 7HEs
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pHE 552 XAt ujAZ o &ttt AH&3
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ol2ug FA9 A A columndl| °o]2wH FAE F
X & %ol FA+= 1 N HCl# F/752, S0 sy
A= 1| N NaOHS} 2552 217 washing® o AM§3}
FTH13). o]2nF FXE FHAIZ] arabinose £H2
EYERA Rotavapor A-3S (Tokyo Rikikai. co., Japan)E ©]§&-
3t 300 rmpmi} 45C 8] Z 7oA arabinose®] FZ7} <
100 g/Lo] HEE FFdtd 4T BAsHA 2AHS A%
o). Z2AHY Bgoe o 20%9 $Eo &A=
absolute ethanol 500 mLo)} #€gt o] vaccum dry ovenol]
A 2417 AZRANAH FES EAH-

a4
=9 42 4F JreEaiAZl g 29 015 M
Ca(OH), H7}stdq # 4lo] F3AZl T A E 3o
EEE AAAZAT o] £948 THA] membrane filter2
et oA FHFe F/FFE H7HE o 10,000 pmo 2
1057 9%t AL A5dE 7 B4 o83y
t}. Glucose T E= 9EL REZEX RPM MONO
SACCHARIDE column (300 x 7.80mm, phenomenex, CA,
USA)S o] 83ld HPLC (Waters, USA)o]|A4] RI Detector
(Waters, USA)Z E-AlstHt). oW, v+ E& o &3lH
on, 48 0.6 mL/mino]™, column® &%+ 80To|)
t}h. HPLCE A3 glucosed] BHFo] E7MSE B¢
Glucose Analyzer (YSI, USA)E A}&-3te] E-A3%T.
Furfural®] 4.8 Shodex® RSpak KC-811 (Showa-Denko,
Japan) columng o] &3t HPLCAA 45T column &%
2 0.8% phosphoric acid -£94<& 1.5 m/min® 2 E& B d
A UV detector (Waters, USA)Z 228 mnmo|A] FFTE =
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AEFT. A4S Y3 EE A]EE pore size7} 02 9l
HPLC & memebrane filter2 o 73t & B Xof A}-83}4th
A FY 2L vgAS 4,000 pmoO T 1587 JAR
gl 3l ZHFFE 13 M FH8 Fo| spectrophotometer
(Shimadzu, Japan)E A28t 620 nmo A FA TS =R 3}
Fot B FAFE FR=S dx dAFY ZTEIAE
ol&std g4 SAS A=, o Wl C. tropicalis®] FHE
(OD) 100} 3P == Az dAFL 0426 g/Lo|Yt).
ol EZE9 EAL DionexAte] DX-120 ion
chromatography & ARE-3} 3t} o ¢Fo]29] H-A L JonPac
CS12A (Dionex) column, 20¢]-&¢ XA+ IonPac ASII
(Dionex) columng AME-EAY. fvje ol AP
0.07% methane sulfonic acid, 2°]&<% AL+ 0.04%
NaOH solutiong& ©]-&3}990 M, flow ratexs £5 1 mL/min

o= 39

Az g 0

SMUEXA MY

Qe A BAAAAES 04% (v FAEAOm
1200 A 1A A 7827 $o AAHEE B
¢ B4s%Y. A3 ZI(Table DA F2 glucose,
xylose, arabinose, galactose®} mannose”} A A E 1o, A A
H 4 BEY S s4AALEY g o ks s
=3

Table 1. Sugar composition of acid hydrolysates in various
agricultural wastes

Carbohydrates in hydrolysate(%) (w/w, sugarfsubstrate)
Substrate .

Glucose ~ Xylose Arabinose Galactose Mannose
Corn stalk 54 4.7 0.7 0.4 8.6
Corn cob 3.8 18.2 4.8 1.5 1.1
Corn fiber 22.8 12.1 8.0 1.9 0.0
Rice bran 10.1 2.1 3.6 0.8 1.9
Rice staw 11.6 7.3 1.9 1.1 1.1
Rice hulls 17.1 6.4 19 0.7 0.0
Gingkonut shell 7.8 3.6 0.5 0.7 0.8
Peanut shell 1.5 1.0 3.3 0.9 0.5
Coconut shell 02 15.8 0.5 0.3 0.0
Acorn shell 0.3 9.0 3.1 1.6 0.0
Walnut shell 0.7 5.6 1.1 1.7 0.1
Chestnut shell 1.2 5.0 2.0 2.5 0.0

Z glucosed] AIA L com fibero A 228% 2 7} =:9to.
o, 1 OLO9%F rice hull (17.1%), rice straw (11.6%) 2
rice bran (10.1%)e] XA, ¥HH xyloser= corn cobo]
A 182%F 71 o] AAEoen, 11 thEOFE coconut
shell3} corn fibero| A 2}z} 15.8%<9} 12.1%7} AAAE )
L-Arabinose$l 73-%-9l+ com fibero| A 8.0% =2 7}AF =9ko
H, 7 Y22 F com cob, rice bran, peanut shell & acorn
shelld| A 3% o]Ato]l A AIE| 9t} Galactose: chestnut shell
oA 25%=2 7} wo] AXNEHSN OB mannoser= comn

stalkol A 7H B2 8.6%7F AAEAT wEkA 91¢f 2

Tfhais] AN A HEES hemicellulosew 7FrE
3 o] xylose®} arabinose® AJAJ =L, WHAY cellulosew
REHOZ Jleds] Ho glucosert AAE= Aoz A
T5¢lch o] L-arabinose®] F:& 0] xyloseo] B]&te] i
Bnro Agdr A3 e AL Y52 hemicellulosed
A arabinose7} AFA|shw H&o] wr] wEo|tk3). YNt
O & xyloset non-wood fiberol| Al 10~20% 2] H|&-& Ho| XA
9b arabinose?] ZA-$olv 02~4.0%92) S Holu Qth
2). &3] AHE3 AR FoJA com fiberZ2FEH = AP0
A AAE SN PR B Tl FEEA0H, 5
arabinose 2] &aFo] 8.0%F arabinose AAHS T A<
NAYS FAT & YAG. IV ARG NE 2T
= 3 we @l W EE S4o ARART WA F
Z0. 53] peanut shell 22 o FE L& A @
ko™, coconut shell, acorn shell, walout shell, chestnut shell
2REE 4A9E BE FoA alosed BAFo| 717
=9k, 1 TE0 ¥ arabinose®t glucoseo]|RUTH -3,
coconut shell®] Ao Ax+= AAIE F= G 94.7%7}
xyloseo]ith,  uwlegbd  FolF b TheRE] 27A
L-arabinose2] AjAdo] 7F&4 ®2 com fiberE L-arabinose]
B9E 98 Auz AR

Table 2. Effect of sulfuric acid concentration on the sugar
composition of com fiber hydrolysate for lh at 110C

H,50, Carbohydrates in hydrolytes(%) (w/w, sugat/substrate)
(%,v/V) Xylose Glucose Arabinose Others
0.05 1.1 0.4 0.8 ND
0.2 2.3 1.8 33 N.D
0.4 34 2.7 4.8 N.D
0.6 3.7 5.1 3.7 N.D

(N.D, No detected)

M VIRl FExZI0] Y

Com fiberE T}ekd 3AtsT oA 110TE 60E-7F 2 7}
$=5-3] A7l A3E Table 2¢] Ve AP 2 A
xylose9} glucosee] AL 2 FEo] Fr7hd wWet F7}st
H O}, arabinosed] AL 04% A oA 48%=
7P w2y S xSt wEr TharE
H & gol| Ug xylosed] wx8l= of 30% AEE /A3
AFoL} glucosed] AHAS-o= 2bsx F7lol wet AEHFHO
2 Z7FATh i) AAH F gl tidk L-arabinose]
FEHE AL 02%~04%00A4 7V =& e el
v} whebr] Abew o] Z=rbo] wifA] hemicellulose uE o}
U e} cellulose7t H-3F o] xyloset} arabinose B TH= glucose
of FE7} F7FHLE arabinose?] A FEH £EE F
171 falde 7Fed v A FrAM HE& A7+
Aol e Ao xw HAGREHAT. EIF furfural 5o HE
=S Ao MAREZA oo mg Al FT = arabinose ]
e 74 543 04%% B RT-

Arabinose®] S 9% HHY UEFEE .
Aste ZH7] & TR Y8 E 04% 3 fHo=2 11
0ToA 60%7F Xelatd ot A8 A3 (Table 3)o A 7|2 <
T b m AdEE 2EY vEe SVEAEE
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w9l 710 Hetel 479 o] AYHE Fe 23
daAT Geb & AR £82 37717 A9
e Agste 149 $EF 2e4E ZARAAT, B
g7 Ao P FEE Fol7] ANAE Fe A4
FEE e Zol § FUT 4 U4e Ao Aud
kS

Table 3. Effect of substrate concentrations on the sugar composition
of com fiber hydrolysate with 0.4% sulfuric acid at 130°C for 1 hr

Substrate | Carbohydrates in hydrolysates (%) (w/w, sugar/substrate)
(g/L) Xylose Glucose Arabinose Others
25 2.4 34 4.9 N.D
35 1.8 2.8 42 N.D
45 1.0 1.1 3.5 N.D

(N.D, No detected)

Table 4. Effect of temperature on the sugar composition of corn
fiber hydrolysate with 0.4% sulfuric acid for 1h reaction

Temperature |Carbohydrates in hydrolysates (%) (w/w, sugar/substrate)
(C) Xylose Glucose Arabinose  Galactose
100 2.7 2.7 4.5 0
110 52 3.9 54 0
120 10.4 21.0 6.4 1.0
130 12.1 269 7.8 1.8

Hh2-2 %o wla} com fiber25-E] arabinose2] AJAde)] )t
B HESY] 93l 04% s o] vhe-2 %04
607t 4+ ZlrEAFH T AP E 7K Table 4)9)| 4] xylose,
glucose ¥ arabinosed] AJAJo] BF ¥Hg2% F7d me &
7}8}5 ). 3] arabinoseZ} 130TColA 7.8%9 71 =& =
T2 AT A¥kE O 2 cellulosev} hemicelluloses H&
L5 AEsE 2N T A vlAdEl sk
=40l = ssEEo] AAX8E # e, o T 7P £3)
A AR $gtEo| furfural? S-hydroxymethylfurfuralo| ™,
1 Hro|=  2-hydroxymethylfural, organic acid, terpenes %
phenolic compoundZ} &A% 4 YTHE). JH5E- AHE Fo
ol 3BIEY oy FHew JIES 23T AMEHE
blomassﬂ] ot 2tk &3 olg AEY IS4 Vi

AEE VIEE ol&sle AR wet 924 AL

At E4=Re] A ARE AT A3l A
B 31 AA e Hok, 7149 EA e, steam 5/, 1§

oA Y ARE, BAE A, o] uF FAd o A
g To] £FETH). 2HEE B dFNAM= AAFAZ S
T3A717] Yot SAEZY P40l Fua geE
Lx9 e AEEe FHAGAM A Jl¢ EIE A}
Rew, 1 A¥ 130C o] A= furfural} 2 =4=4
ol H&EHA §%k7] vl Tabled] YetX+= 2skth o
A HAH9 A Jhg Fa whg 2EE 130CTE AAEY

o 20 W1 orf —l> 2

£

grkol ot WS E A4 04%9 130CE TAA
713 §r-8A] 7t} whe} com fiberZ R -¥] arabinose’} Al H
A A3} (Table 5)o)A xylosee}t
galactose®] & HHg 308 o] FREE oktd 271
o). BHHO| glucose9} arabinosew 60F HHSA|ZMAA &= F
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Ao 2 olF ANE 23lE o Had
Ak Hepd 379 2 Al AL 0roz A4
Ak,

Table 5. Effect of reaction time on the sugar composition of corn
fiber hydrolysate with 0.4% sulfuric acid at 130C

Time Carbohydrates in hydrolysate (%) (w/w, sugar/substrate)
(min)” Xylose Glucose Arabinose Galactose
0 39 6.3 4.2 0

30 11.1 12.1 54 0

60 12.1 26.9 7.8 1.8

90 12.7 25.6 7.7 2.0

120 12.8 26.6 7.6 2.0
*: Time was counted after reaching 130T
S0 g2 S8 & JEs| M=o 259 HA

Com fiberd] At 7h¢#-3] §4o= arabinose ©]<] 9
xylose 2 glucoses} Ul @ FEO] EATEE
arabinose TS E]3}7)7} wj-¢ oWt} wl A arabinose YF
& o] &3tA] Bae vAES ol §sd A Tt AE
of A= BES BT o &3EF Y, Hﬂ‘”““"ﬂ-‘:
arabinose 9Fo] EAN3A Hu}t olE Hslo AF JlES|
LR8 A2 St arabinoseE ©]E3}A XK= C
tropicalis ATCC 203362 w3ttt A 7l¢Es)] &9
comn fiber 90 g& 04% (w/v) 2+l 1 Lo B3, 130C
2 1A)17F ¥+8-A)7] 3 Whatman paper No. 122 T¥HES
A Ast1, ammonia 2RO pHE 558 ZA3IGt} o|w
Ab bR AEd = tiEk glucose 20.1 g/L, xylose 10.1
g/L, arabinose 7.8 g/L9} 1.8 g/Le] galactose”} EA)3}5 L

o, Hj¥e 1.5 L jar fermenterol 4] 0.5 vwvme F7|ZF3
250 ipme] wWREC. Z 30T A sl
25
—@— glucose
20 —O— xylose

—W— galactose
—/— arabinose

—
3
-
3=
= 15 A
E —1— xylitol
S
=
S 10
&
T
]
=
& 5
v—v—v
0 {1+—1 (=
0 5
Time(hr)

Figure 1. Profiles of sugars concentration during the culture of C.
tropicalis ATCC 20336 in dilute-acid hydrolysate of corn-fiber.

A# A Fig. )X C. tropicalise RA ] x| Yol &)
3l glucoseE AR Fof xylose®} galactoseE ©| 83+
t}, o]nf m$ & xylose FEE Qe WAoo o) A
AL s xylitole] AT ¢ kot wpabA 4 7k E )
Ao C. tropicaliss HF 3 24X v gg Fo wik
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Aoll= thek 7.6 g/Le] arabinose, 0.6 g/Le} xylose, 0.5 g/L
9] galactose % 0.5 g/l xylitolo] A5t o]& 3t uf
Fde] HPLC § ¥4 diagram Fig. 29 el QATh
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Figure 2. HPLC chromatograms of hydrolysate (a) and fermentation
broth (b).

m— YA

L-Arabinose?2| X x|

A% v F3+o L-arabinose ©]99] TES A AZ
F-o| L-arabinose®] GAE FP5AT. AA vjgdS 9
A& st BEEE AAAZ A5 Y-S membrane filtration
o 28t insoluble residues$] lignini} celluloseS #) A3+
o} o]% 37 H 1 Lo 50 mesh®] activated carbon 100 g
F7Fste] WHEA]Z] 39 activated carbong- glass filter paper
2 AASAT Ade] JES X3 A arabinosed] 7
T % 90% o] FES IS 4 Ue whAd HAER
B2 AY EF AAHO] 540 nmo A 2] optical density7}
13694 00042 AU o= Hlggo] EA)st= o
# 7}A] organic contaminants¢] MAEAEo] HAHY

TOZ o] Sarah (149 organic compoundsy}
activated carbon®] X @o] ¢]dl A AEHT= Axd SAF
S0, |

Table 6. Ion concentrations of fermentation both

Cation ppm Anion ppm
Sodium N.A Chloride 59
Ammonium 2080 Sulfate 455
Potassium 119 Nitrate 8639
Magnesium 41 Phosphate 478

L
LN =3
4

156 bl by b1l ek rUPaI I Jadgr ] ECh 1
b5

£ =

P, . ar— -
vr .n.
- T T I = r 7 T r 5 T 7 —r

T LANNS EEEL S A A A AL B A
.3 o L 7] iz 188 18 158

Figure 3. Cation chromatogram of before (above) and after (below)
cation exchange chromatography on C100H column.

100‘11%:{0LC ? 2?2?77 #6[3 peaks manuallyassigned] ECD 1
80—:
60—:
40-}
20—:

1 ol )

LLALLAJ
-2 T T T T T T T T T T T T T T T T T T T T T T T T T T T T

0.0 20 4.0 6.0 8.0 10.0 12.0 15.0
100_%?0LC 7?7772 7 #34[1 peak manuallyassignec ECD_1
80—
60—
40—
20
_2 L} T T [ hi T T_I T T T I T T T I T L} F 'I T T T I T T T I rl"”‘
a0 2.0 4.0 &.0 890 10.0 120 180

Figure 4. Anion chromatogram of before (above) and after (below)
anion exchange chromatography on WA30 column.

Activated carbon& EFA|F] o7}l o] EAS
3 Az} Table 66| A9} o] <oley So]Lo Z3

EAQ 87 wFo] AR £ E Fol7] A o
22 E9 AA R8T o] S5t 4ol nlE
o] C100H (Samyang Diaion. Co., Seoul, Korea)$} = ©|&

g
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BtX]Q] WA30 (Samyang Diaion. Co., Seoul, Korea)S ©]
gote] o]2AESS AAAMNAG A HeEs & F
ol Q& FolAE <2l ammonium3} potassium 18] 1L

magnesium-S C100H columng E3A|7] 39] odoj= o
Fi-9] ofo]l & A&l AAHES AT = AATHFig. 3).
LS WA30 columng E33F oo H_L sulfate?} nitrate
12|31 phosphate 59 o]0l AY R Ec] AAES
¢ g Uh(Fig. 4).

ol2ug F£XE FHAZl &A¥S EYERA Rotavapor
A-3S (Tokyo Rikikai. co., Japan)E ©|-&-3} 300 rpm3} 45T
o A arabinosed] FE7} oF 100 g/Lo] HEE %Z3ld 4T
oA HAAM AAHE AUt Z2AHFH = ofF

°F 20%9] FEo] EAERE o5 FHHOE A I
8l E-HS absolute ethanol 500 mLo)| &3] x|7]1 3o =
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