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Abstract

This study was conducted for the production of water-soluble polysaccharide (WSP) extracts from perilla seed cake
(PSC), a byproduct of food processing, by using commercial enzymes. PSC was divided into cellulose fraction (CF)
and hemicellulose fraction (HF), and the enzymatic hydrolysis conditions of each fraction were determined for the
production of WSP extracts. Afterwards, the antioxidant activity of these WSP extracts was measured. The hydrolysis
conditions of the CF for producing WSP extracts were pH 5.0, 50C, and 30 units of Celluclast while those of
HF were pH 4.0, 50T, and 30 units of Viscozyme. The yield of WSP extracts increased from 176 g/kg at 0 h
of hydrolysis to 233.1 g/kg after 72 h of hydrolysis. Futhermore, the polyphenol content of WSP extracts from
CF and HF were significantly higher after enzymatic hydrolysis for 24 h, but decreased after 48 h of hydrolysis.
In addtion, WSP extracts obtained after 24 h of hydolysis showed the lowest ICs, values for hydroxy radical scavenging
activity, reducing power activity, and superoxide dismutase-like activity. From the result, WSP extracts with antioxidant
activity could be effectively extracted by enzymatic hydrolysis, and the extracts are considered to be used as a

functional substance in the food industry.
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Yoon, 2015)0]|4] 2 AREE 59| Al2H 7R ass,
amyoglucosidase(AMG) 300 L, Celluclast 1.5 L, Pectinex
Ultra SP-L, Shearzyme plus, 2 Viscozyme L(Novozymes
A/S, Bagsvaerd, Denmark)& A5t} ZF 849 E4 4
24 el 27 Table 10 YERAIOH, AlZH S s
Slolol7] 2J5to] celluase X hemicellulase AL 245193t
Z cellulase EAZA]E carboxymethylcellulose(CMC, Sigma-
Aldrich Co., St. Louis, MO, USA)9] EaflFo & =43513 0
™, cellulase AT 1 unit pH 5.0 © 50CoA 13 59t
A= glucose?] pmole $=2 YEFN ST Hemicellulase &
AZAL xylan(Sigma-Aldrich Co.)9] Eal5Fo g2 Z451%
O, hemicellulase EAZHA] 1 unitS pH 5.0 L 50T oA
15 52 AB/d9 xylose] umole == eI

74| cellulose ! hemicellulose £

A& AZEO tdR F celluloseZ A9t UYHAIS
hemicellulose2} 1. &35} Hemicellulose'= &Ze]o]] 83

B8 P02 T Yoon(2015)9] o] ufe} S}
ulo 2 M E] BEsleIth =S4} 37.5 ¢ 1 M NaOH 500
mLE 7}5}1l, shaking incubator(BS-11, JeioTech, Seoul,
Korea)E ©]-§5to] 25T, 250 xgoflA 3AIZF wHlstgiet. ¥t
SNE AAEF(Supra-21K, Hanil, Incheon, Korea)s}o] o
I}Z](Whatman No.2, Maidstone, England)& ©]-8&5}0] A5
o} A Helat 7, AREARS HOLE pH 7.00] B H7A]
Z55}510] hemicellulose £&8 0 & ARE5}TE ESE RAR= pH
700] B Wb ZRAE AHST SEARED-, Eycla
Tokyo, Japan)et & -40C deep freezer(MDF-415, Sanyo,
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Table 1. Characteristics and activity of various cell-wall degrading enzymes used in the study

Characteristics

Experimental act1v1ty

(unit/mL)"
Enzyme Optimal
Sources Optimal pH tem}zoecr';lture Enzyme activity Cellulase Hemicellulase

AMG 300 L Aspergillus niger 45 60 Glucoamylase 121.2+7.67 129.1+2.8
Celluclast 1.5 L Trichoderma reesei 4.5-6.0 50-60 Cellulase 200.5+5.5 645.3+27.3

Pectinex Ultra SP-L  Aspergillus aculeatus Polygalacturonase 139.7+13.3 67.1£5.8
Shearzyme pluse Trichoderma reesei 4.5-6.0 50-60 Cellulase 136.2+13.6 508.4+16.3

Arabanase, cellulase
Viscozyme L Aspergillus aculeatus ~ 3.5-5.5 25.55 h%n%i‘c‘gﬁ?jjse 376.746.1 255.8425.8
xylanase

YOne unit of cellulase or hemicellulase activity was expressed as the number of umoles of glucose or xylose produced for 1 min at pH 5.0 and

50T, respectively.
YMean+SD (n=3).

Tokyo, Japan)s}o] cellulose 5802 ARE-SIALT.

Cellulose ¥ hemicellulose 222 844 J}4+26i=2
e

Cellulose ¥ hemicellulose £359] 3] 7558l E 0|
e 845 AH %6}1 pH 5.0, 50T, &4 25 unit
9] ZAA 24A7F BoF FARS] S1Th 11 T cellulose
23]9] gavleEs vS & AHAE glucose $FFT} hemi-
cellulose £819] A7 E] 51 & AAH xylose TS
DNSHO= Zsle] 1 Bofele] £ A4S 47 27
sjeick

A7H BAE o-&sto] S7E cellulose 82 7125
Y 242 2357 A8l 71dsE 4%(wiv)ell pH(3.0,
4.0, 5.0, 6.0, 7.0), (30, 40, 50, 60T) & FA E=5(15,

20, 25, 30, 35 unit)S XAl 7}5ESfEES 5 A
glucose % DNSHOo g =451t ZF HRSNL citrate

buffer(pH 3.0), sodium acetate buffer(pH 4.0-5.0), potassium
phosphate buffer(pH 6.0-7.0)5 AR&3}o] pHE 24513
AR F4E 0]-83}10] hemicellulose £89] 715=85] 2|2
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02 %73} hemicellulose £2] 500 mLE X422 (500)2
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o £, 34 FFEE Uil s d4d 84 vd
5 %£ZE 0.1 mL%} Folin-Ciocalteu’s phenol reagent 0.1
mLE 7f5jo] 2 Etelo] AFLolH 387k MG AR 1 %
10% Na;COsE 0.2 mL 7}slal 554 2 mLE A7Ioto] 4
204 1AIZE ®R|gE & 725 nmoﬂH ST E 24519k

o

L5 2
=M R FE59 hydroxyl gHd AA5S
Gutterldege(1984)_4 %@; Hslo] 2451t %‘—E‘?—ii
343t 4]0]44%, 1 mM FeSOs, 1 mM EDTA, 10 mM 2-
deoxyriboseZ Z}Z} 50 uLAS A= HRSA|ZIC) HP&C’“Oﬂ
0.1 M phosphate buffer(pH 7.2) 300 pLe} 10 mM H,O, ¥
1 mM ascorbic acidE 217} 50 uLE 7}5}k0] 37CofA 1A7F
&2t BRSAXIT BEEHO] 250 ulLE F|6kod 2.8% trichloro-
acetic acid(TCA) &9 500 pLE 713t &, 1% thiobarbituric
acid(TBA) €9 500 uLZ 7}5}] 100C oA 1057F 7}2A]
71 2 o]ALS E9Y5to] 532 nm(U-2900, Hitachi, Tokyo,
Japan)ollA] RS S,

84 e 3220 BB Mau S002)] S
Welol 24l SRR ST RS 100 LS
e-tubeo]] 312, 0.2 M sodium phosphate buffer(pH 6.6) U
1% potassium ferricyanide(KFe(CN)s)S 2+ 100 uLA Z
7¥skad 50CoA 2587 ¥FSAIZ] & 10% trichloroacetic
acid(CCl,COOH) 100 puLE A715H9ct ¢ vkSAS 25T,
16,400 xgo A 1057+ LAIEE]3H AFSH 200 uLo] 0.1%
ferric chloride(FeCl; - 6H,0) 40 ple} 555 40 ulLE
microplateo] A W-3-A|#A microplate reader(EPOCH, BioTek,
Winooski, VT, USA)Z 700 nmoJ|A] =75}t

S7EF R 2559 superoxide dismutase(SOD) 3-At
B4 242 Bradford(1976)9] o] E5to] Zsteict
EEEF 3|45 AR 50 uLE microplateo] 5}, pH 8.5
2 XA tris-HCl buffer(50 mM tris [hydroxymethyl]
amino-methane + 10mM EDTA) 200 pL2} 7.2 mM pylro-
gallol 20 pLE 7}5lal 25CoA 1087 ¥R-AI AL RS
AAAIZ171 98 1 N HCI 10 uLE 75} microplate reader
(EPOCH, BioTek)& 420 nmojlA] S3&E =459

Jﬂd ot
U
wox

SAAZ]
2 e ) B ARde] W FEENE el
Wi, SPSS(Ver 23, Chlcago IL, USA) &4 =213

E3) p<() 05 S04 ALu|R] BAEAHS X351 otq
AT 719 —47‘4 1}0] Duncan’s multiple range test=
7::4% ]'Od‘:}

ink=,

i
H
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Bago| JegiE AF 54 2
—‘WHE}' Tv:—"—"]EE‘rH ‘l_g‘}\ ‘:]'o'rr ‘rﬁ }‘“/‘]'o ‘?451’
7R G445 AASH] Y8 AMG 300, Celluclast 1.5 L,
Pectinex Ultra SP-L, Shearzyme plus ¥ Viscozyme L2 &
AMS T @2 JieREY] BUY TS S4T AUt
Table 29 YEHSICE Cellulose £29] 3L Celluclast2
B3t BoE9 Y o] 246 mg/mLE JojF oz
7S =3k37(p<0.05), hemicelulose £232] 79 Viscozyme
o=z Bajigt BeolEo] g &e5(3.16 mg/mL)o] 23
02 71 £olpe005), 15 Z171S Aol s RS St
s mam AHIST, ok WUAARIE o1
8 AKE] 91olo] ofe] 717 EHRARLE 0|83
o] cellulose ¥ hemicellulose £33 £}t A7HIm 5,
2016), Celluclast® E35t cellulose £3 7}4EaiEa}
Viscozyme=Z —.—OHOP hemicellulose 7}<E-3[E9] g 3+
o] 7P w2 A= Ut a7t IRt ol
St A3H= cellulase A4S 71 Celluclast®] cellulose H-2]0]]
ot =& 2283} hemicellulase & xylanase 84S 7H4A
Viscozyme2] hemicellulose =80 thgt &2 28| 7|2l
Sk Zlo=g woEch

CelluclastZ 0|8%t cellulose &

S 2 e 84 tddF —‘zr%% YArstr] Sk
A Bolxds **140}71 sl okt pH 5
T SPollA cellulose &S 244171 57 E3fst3om, 2+ 7}
TEolEe] ST S 57 A Table 30f Yt
A} 24 pHE A7gst7] sl pH 3.0-7.00= 45| &
2o siglon ABAdE st otk ST 2, 84

Table 2. Reducing sugar content of enzymatic hydrolysates
obtained from cellulose and hemicellulose fractions using various

enzymes (mg/mL)
Enzyme C;:rllul.lose Hemicellulose
action fraction

AMG 300 L 1.70+0.05" 2.4740.03°
Celluclast 1.5 L 2.46+0.08" 1.44+0.03¢
Pectinex Ultra SP-L 1.69+0.05° 1.90+0.03¢
Shearzyme pluse 1.96+0.04° 1.28+0.04°
Viscozyme L 1.71£0.05° 3.16+0.02*

”Mean:tSD (n=3).
IValues with different letters in the column are significantly different
at p<0.05.
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Table 3. Effect of pH, temperature and enzyme concentration on
enzymatic hydrolysis of cellulose fraction

Hydrolysis conditions Reducing sugar content

(mg/mL)
3 2.22+0.049?
4 2.27+0.02°
pH 5 2.64+0.04"
6 1.42+0.02¢
7 0.95+0.03¢
30 1.5140.04°
Temperature 40 1.53+0.03°
© 50 1.75+0.02°
60 0.93+0.04°
15 1.52+0.02¢
20 1.91+0.02°
Enzyme (flcl)lriltc)entration 25 23440.00"
30 2.65+0.03"
35 2.66+0.01°

YMean+SD (n=3).
IValues with different letters in the column are significantly different
at p<0.05.

SiH Z pH 5.0 wf AT o] 2.64 mgmLE F2JH 2
2 7 S0 Hp<0.05). WA cellulose H3]9] gA4-E3|
4 pHE 5002 2Hsilon, 24 7l 228 A
%J5t7] 918l pH 5.0, 30-60COIA B4R sto] 2 7k
EollEe] Y TS S75IelH 50T o) fejdos
71 =0 I 311,75 mg/mL)S E.9O0m(p<0.05), 1
theo 2 30T I 40Co)A 1.51 mg/mL & 1.53 mgmLE
FARRE SFgE Ho], cellulose 219 BAFS] X4 2=
S50CE AA35I9ck pH 5.09F 50T A4 & a4 5%
£ A5 Yol 15 unito] A 35 wnit7}x] 84 sEE g
Sto] BkS & A2 JleRoiEe] Sk RS ST At
84 5T 30 unit?} 35 unit¥ o ZFZF 2.65 mg/mL ¥ 2.66
mgmLE §oH 02 =2 T TRRS HERATHp<0.05).
webs] St 2R Y 84 R B4kE 6] 84

= & Y] E29E AUste] 30 wnito = AN
71§ 5= A Aol Cellucalste] & pH=
4.5-5.0, & &= 50CE ZA=0|(Gibbins 5, 2012), &
AL AR Cellulase®] €2 287140 wet
2o]7} QAL kA o2 ulAE G cellulase?] & 2
9 pHE= ZFZF 40-60TC, pH 4.5-6.00]tHPardo} Forchiassin,

1999). & ¢IollA2] 475 Celluclast®] SE7HH; 22 £
ZAL cellulase®] 22 pH U 7 2120} Ax|TS & 2=
e, olof wel E7Et cellulose H-2Jo]| tft Hk-3-4o]
7] g Aow waEd

ViscozymeS 0|88t hemicellulose £219] |4 Es|=

S 848 o 5= A 9t 24 Eoixd
= AAs] 98 pH, 2% 9 84 o T} hemi-
cellulose 28-S 24A17F BEofolylom, 7t 7lrEelEe] &
At kS =43 ATM= Table 40] VERAQITH ¥HS-E9)
pHE 3.0914 7.071A] 24s}o] 24A17F 57t SAEHSE &
g S RS 7%t A3 pH 4.0 off ST o
0] 3.59 mg/mLE {oAHog 7} &=9kth(p<0.05). WEbA]
hemicellulose 89 GAES| 2% pHe 4.002 A5
T} pH 4.0 wf tjefst 2% sfollA] AgH 7eEaiEe] g
U S S 2} 9Re2% 50CY 1 4.79 mgmLE
FoHoE 7MY w2 T TS eIt (p<0.05).
20 & 40T (3.96 mg/mL) & 60T (3.95 mg/mL)ol|A 2+
T o] FAISHA S74%] 0], hemicellulose 89| TAF
o 2 25 50CE 275Ktk pH 4.0, 50T 27104

Table 4. Effect of pH, temperature and enzyme concentration on
enzymatic hydrolysis of hemicellulose fraction

Hydrolysis conditions Reducing sugar contents

(mg/mL)
3 3.28+0.04"%2)
4 3.59+0.06
pH 5 2.8940.03¢
6 2.70+0.03¢
7 2.2240.02°
30 3.43+0.03°
Temperature 40 3.9620.05°
© 50 4.79+0.04°
60 3.95+0.03°
15 4.03+0.04°
20 4.19+0.02°
Enzyme (i?llilsentration 25 4.46+0.06"
30 5.47+0.02°
35 5.48+0.03"

YMeanSD (n=3).
JValues with different letters in the column are significantly different
at p<0.05.
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HHEA =5 A7) Yol 15 unitof]A] 35 unit HYPZ
a4 € 2Elote] Bttt Viscozyme 5= 30 unit
-L]' 35 unit¥ W, 22 547 mg/mL 2 548 mg/mLE 52
IS HERIgleH, 7 a4 oA §229l A7t
o] hemicellulose &35 ¢t _9_/1: BSre= G840l =230
wito 2 SIS ofeiet AT Azl A9 T NS
93t GA7ES] Al Viscozyme?] & Z70] pH 4.6 9 4
4TE YePd A3 Liu 5, 2008)2} FAFSFILE. Viscozyme
2 EHA AEAEHES] EIEAZH cellulase, B-
glucanase, hemicellulase & xylanase®] FAEAS 71X,
ol 47} A1BO] AER] Efots 284 1BAEY
2 w9 9 Jhgsironn BT Fegol S/ Aog
EITHOh 5, 2015).

-]

A 7183 Z75}0)|A] cellulose 2 hemicellulose 53]
2 072/ 59 ARl AL -84 Tl 2280
588 Table 52} ZT}) Cellulose 319 aARs) A 84
‘:} T &S 1422 ghgeloH, 48AF AAEsfcto] A
A5 AR £ 1602 gheOR FOlHOR F7lal%]
THp<0.05). BEAJEF 72417} 23] Tof= 187.8 ghe 0= 48A]7F
9] &} 7oA Alol= gloloH, & TS 132.1%=
LERATE Hemicellulose 2219 §4-5s] A 482 33.8 gkg
o|glom, 2AITEESE B3l & &2 453 ghgQ® BAES

Ato] s FOA 0= 80] F7I8IA(p<0.05) S7H&
< 134.0%0131ck. AA| -2 £ A 176.0 g/kgollA] 72A1%F
ol & 233.1 gkgO & Fo|F 0= F7I519] 2 H(p<0.05), &
28 ZT18-28 1324%2 UERITE o]9} 8 Ayl _§‘_/J\_€_6H
2 53 o 2go] RaTlo] Haiele] w8 W
571t A2 (Parkd} Yoon, 2015)9} FARSHITE

i
T
¥
O

Kuf
%
Ay
i
|l
=
]
Jdo
(i,
o

ETvlE ¥

[}

L =45t Z3l= Table 63} 2t} Cellulose 532 g4AR
ol ofs SETHlE Il S7ISIA M, 53] 24417 &
_%\_L'H’E F250] 2Edus J2K11.86 mgTA/g) 4
s 4 36 rngTA/g)Oﬂ uIsf oF 2uf] Gkt SHAITE 48417F
el 7 ] AAE] stod ?:L R F2EY s

Y2+ 6.61 mgTA/g @ 6.29 mgTA/gO 2 11 $=Fo] 7+
Sty el A AR A 9 %8

d Eduls dkbEo] 3ae] o] =5 o] 1 T=ol St
At}7KCinar, 2005), 87 Al7tolde] AaEs] Al thdH
of Zgelo] el WEsleEo] 92 Fele) ARAR HE
FHogH ofgkZo] gol=]o] AAHEH RoE wHE.
Hemicellulose £8]9] 49 §4Rs|0] Qo] SZ2|shk= &
%ko] Z71519 0, 24A17F 2&E9] $1Eo] 12.92 mgTA/gC
fojF o 7P =90 W(p<0.05), 48A17F L 72A]7F B
oH T 9o 2zmol ol 312k 7k} 12,11 meTA/g %
12.11 mgTA/gOR =2 7S 8A519T) o]9} T ﬁﬂh
e = o R A2 BEEA R Sl e S
get A}, AEE Bl aAE o83k 5E(24.6 mgTA/)O|
F5E5(13.30 mgTA/g)o] Hlsto] FoH0E =2 FE
il TFFE Ho 345 o8t FEUH0l v H=

Table 6. Total polyphenol content of water-soluble polysaccharide
extracts produced from perilla seed cake by enzymatic hydrolysis

(mgTA/g)
Hydrolysis Cellulose Hemicellulose
time (h) fraction fraction
0 6.36+0.08" 7.21+0.08°
24 11.86+0.08" 12.92+0.05°
48 6.61+0.06 12.1140.20°
72 6.29+0.11° 12.1140.05°

YMean£SD (n=3).
'Values with different superscript letters in the same column are
significantly different at p<0.05.

Table 5. Yields of water-soluble polysaccharide extracts produced from perilla seed cake by enzymatic hydrolysis

Yield (g/kg) (increase ratio, %)

Hydrolysis time (h)
Cellulose fraction

Hemicellulose fraction Total

0 142.249.39? (100.0)
24 160.2+8.4° (112.7)
48 182.7+4.1* (128.5)
72 187.8+6.7* (132.1)

33.840.9° (100.0) 176.0+5.3% (100.0)

37.1£1.4° (109.8) 197.3+4.6° (113.1)
40.7+0.3° (120.4) 223.442.1° (123.9)

453+1.7* (134.0) 233.142.6* (132.4)

YMean£SD (n=3).

YValues with different superscript letters in the same column are significantly different at p<0.05.
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SRIES &20] 3Rl Zoe= HIEH(Ryu2lt Kwon,
2013) A} ARSI o/de] Autojlx] S7fEto =R
A2 84 U 20 SEeHs IF2 A2
A Z7VSIQAIRE, 48A17F o4 A14rE A Q3] Tasis
AL glgQiet. wehy 7154 AlZAZ Srfulo 2 EE
F8 R FEES &7 Hokle AE A AR B
Ao et FARAES 2ET QT IS A2 W

e,
Fhtst 2y

FAEG] ool E7dlo 2 E] AL 58 TdF =&
=0 AR A& S45H] Slsh hydroxyl 2 245,
2hE 9 SOD fARMIS S4sklon, o529 ICwitE
Table 79 YEFATE FAESHIL cellulose 2! hemicellulose
=38 B 24A17F B Al 7HE 22 ICsgkE YRS
Hydroxyl 2}tjzt 2752 23] A cellulose 2 hemicellulose
E39] ICsp2 ZH2} 3.37 mg/mLe} 4.73 mg/mLA L, 7l
ol SJsf AA50] STl oW, E35] 24417 Eaf| Foll=
7}7} 2.02 mg/mLe} 1.16 mg/mLE 7FF B2 1C53hS LFE}
Witk Liu 5(2008)2 %21} 3&& 0]&5t9 Hovenia
dulcis TR ZRE AL TR hydroxy 2Tzt 27
52 243t 27}, 14 mg/mL 5xof|A 13.23-23.69%2] 4

52 Uehdthn musiol, St zRe Qe TR
#220] 2 hydrory 2 2758 kg & 5 9)
A}, Hydroxyl 2}t}d2 g<0]23} H,0,7} ¥kgsto] 44
H =4 E, DNAS| HE % malonaldehydeE EfiAIX]
CHAruoma®} Cuppett, 1997). olof] S7dt 84 thdw7 &
&2 hydroxyl S AAEES TRoMH, #4484 ©

3 B alehEeE AAAZE sEol & AC= HEEn

SFAH L cellulose E29] AL 24A17F B T 0.6
mg/mLE 7P 2 1Csgte B o, EojjA|7to] 3718

5 2 STt &l 0A7o] Hls) =2 g
UERH 9t} Hemicellulose £-219] SHE2 24471 Haff &
0.82 mg/mLE 7P B [C53fS Hg.om, BajA7to] 4
o] ALE T2 Wolslth siSolHAY SHES S
23, 1 mgmL BFFEESEONA Yol 0.172 Yeht
(Xu 5, 2007), EaEoHof| o A= S/ =843 Alol4d
F FEE0| 953 TYEE TR Ao YRt E3 &
AFET QUFEo] U= 5 mymLoj|A 0.2642] T
= H3lon, o= 493EE(0.122) ¥ 145719E =
E(0.0-0.2) B} §o]8 o2 o} gARG} FYEL &=
o] gogt Z o= K| }ItHLee?} Hong, 2014). G40 9
o g euhEo] el g 1 mgmLe kO
A1 0.2 o]t HI1E|0}(Zha 5, 2009), & A7 S/} o}
I F2E0 vl mjf F2 g Bt

E7EF 84 gRol SOD SAIRAIS 243 4,
celullose 2 hemicellulose 53] W% 24A17F B
=2 23S Hotk E79, cellulose £2]9] 7%, 7IE-5Hol
o5} 71 &/do] F71511. 2, hemicellulose #£2]2] 739
= 24A7F 2 48A7E ZHRsliol] Sfs /o] S Stk
SOD= All3zof| EAf5te] superoxide S THARSA 9 Ak4x0)
%} 9k3-S feoto] SPAARRE NS Wolok= T8
QIR eHKim} Choi, 2008). webA B71=Eslo] ofs]
ke S g 282 AWollA] superoxide AT
o= BYARHE LS HSok= JTE T 5 92
Ao grhEch

il

Table 7. Antioxidant activity of water-soluble polysaccharide extracts produced from perilla seed cake by enzymatic hydrolysis

ICsp value (mg/mL)

Fraction Hydrolysis time (h) :
sg}\,/g;(gg}g r:glif/?iy Reducing power SOD-like activity
0 3.374£0.219? 1.18+0.01¢ 8.20+0.51¢
24 2.02+0.06° 0.60+0.00° 3.23+0.77°
Cellulose
48 2.20:0.08° 0.91+0.03" 5.54+0.24°
72 2.64+0.15° 1.07+0.11¢ 5.88+0.81°
0 4.73+0.13¢ 1.06+0.00° 3.62+0.57°
24 1.16+0.11° 0.82+0.00° 1.46+0.28
Hemicellulose
48 2.69+0.39° 1.03+0.01° 2.99+0.28"
72 3.1240.19¢ 1.1320.00¢ 5.26+0.54°

YMean£SD (n=3).

YValues with different superscript letters in the same column are significantly different at p<0.05.
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2 o

2 A AE TREAREY 716 AEAaAE 8-St
7] Y3l E7ERE cellulose 2 hemicellulose 230 &2 U=
1, 343 7pESlE olo] ol Y0 ERE 7|54 7t
2 84 v FEEE BAletaAt sigit ol o |
A BAaRRAE AstL, 7Rl et ik 4
|4 tdF FEEY B @45 S5 Cellulose
H3o] gAvIeES] 24 272 pH 5.0, 50C Y Celluclast
B 30 unito]}. 2™, hemicellulose £2]9] 72 pH 4.0, 50T
9 Viscozyme 5= 30 unit2 ZAE It & ZAso)A
B2 cellulose £2]2] 84 HIFF FE=9] a2 w91
AlZto] Adrg 76kl o, 72417 £5) Aol 72
29l 37F= At ¥ hemicellulose 2312 EARS|AIZE
o] Anlels 0] SO Folelolch. B 84
s 2259 Zodls Tk cellulose 2 hemicellulose
3] B5F 24A7F aAESRE H9, 247 11.86 mgTA/gdt
12.92 mgTA/gO & 7P =40, T3 A &= 713
A Ve ool A, 844 Foflof o5 S/t s
5 AR 22 7 84 R FEES AR 5
ANoH, Bite FEEL AFARNA 715 AR &
|7t Ao2 wokHc
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