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SUMMARY

I. Subject

Production of Functional Polysaccharides by Selective Solubilization of

Plant Cell Wall

II. Objective and Significance

Functional polysaccharides such as pectin and alginate are being
produced by chemical treatment. Because the chemical methods can cause
environmental pollution, a new technique for the clean production of
polysaccharides is required. In the meanwhile, apple pomace and seaweed
which are useful resources as raw materials of pectin and alginate are
being littered. The objectives of this study were to develop physical and
enzymatic extraction techniques of functional polysaccharides having high

yield and quality and minimum environmental pollution.

Ill. Contents and Scope of Research
1. Development of physical extraction techniques

A. Solubilization of plant cell wall by extrusion

B. Analysis of yield and quality of water soluble polysaccharides



2. Development of enzymatic extraction techniques
A. Solubilization of plant cell wall by enzymatic treatment

B. Analysis of yield and quality of water soluble polysaccharides

3. Development of industrial pectin manufacture process
A. Modeling of physical extraction and optimization
B. Modeling of enzymatic extraction and optimization

C. Manufacture process and standardization
IV. Results and Recommendation
1. Development of physical extraction techniques

A, Design of physical extraction

Proposition was introduced that plant cell wall be dissolved by
mechanical shearing force under high pressure and temperature. For the
experiment, a corotating intermeshing type twin-screw extruder with L/D
ratio of 20:1 was used. Screw speed, feed rate, moisture content of raw
material as process variable were selected.

B. Yield of water soluble polysaccharides

The solubilization of plant cell wall was affected by the specific

mechanical energy of extruder. The yield of water soluble polysaccharides

increased with the specific mechanical energy. Their relationship showed

—12—



the correlation coefficient of 0.960. For apple pomace, the yields by
extrusion were the range of 11.9% to 19.8% (based on washed raw
material), the maximum of which was higher than that by a traditional acid
method. For seaweed, the yield by extrusion was similar to that by a

traditional alkali method.

C. Quality of extract

In extrusion, the contents of anhydrogalacturonic acid and neutral sugar
of water soluble polysaccharides from apple pomace were 53.1% to 59.3%
and 19.196 and 30.7% while those by acid extraction were 50.4% and 38.3%,
respectively., The average molecular weight of extract obtained by extrusion
was 4.97x10" to 2.41x10° while that obtained by acid method 1.81x10°. In
the meanwhile, the average molecular weights of water soluble
polysaccharides obtained by extrusion and acid treatment were similar to

each other.

2. Development of enzymatic extraction techniques

A. Design of physical extraction

Proposition was introduced that plant cell wall be dissolved by some
certain enzymes and the functional water soluble polysaccharides may be
obtained by the control of enzymic reaction. For the experiment, cellulase,
hemicellulase, glucosidase ‘and exo-polygalacturonase were used. Reaction
temperature, pH, reaction time and ratio of ‘concentration of enzyme to that

of substrate as process variable were selected.

—13—



B. Yield of water soluble polysaccharides

Solubilization of plant cell wall using enzyme was greatly affected by
the kind of enzyme and the reaction condition. Out of enzymes used in this
experiment, exo-polygalacturonase was effective to solubilize both apple
pomace and seaweed while cellulase effective to solubilize apple pomace
‘only. The maximum vyields of water soluble polysaccharides using
exo-polygalacturonase were 9.3% and 10.6% (based on initial raw material)

for apple pomace and seaweed, respectively.

C. Quality of extract

For water soluble polysaccharides obtained by exo—polygalacturonase
from apple pomace, purity of pectin, methoxyl content and molecular weight
were 80.1%, 6.36% and 150X 104, respectively, under the extraction
condition for maximum vield. In the meanwhile, the purity of alginate

obtained by exo-polygalacturonase was no more than 20.9%.
3. Development of industrial pectin manufacture process

A. Modeling of physical extraction and optimization

The vield and quality models were developed to be of forms of linear
functions having the independent variables of moisture content and feed

rate of raw material and screw speed. The determination coefficients of

vield, molecular weight and anhydrogalacturonic acid content models were

— 14—



0.921, 0.893 and 0.865, respectively. By using these models, the optimization

for yield and quality could be done.

B. Modeling of enzymatic extraction and optimization

The yield and quality models for enzymatic extraction were developed to
be of forms of nonlinear exponential functions for extraction and
degradation of water soluble polysaccharides. In these models, reaction rate
constants were 0.0114hr™* and 0.0243hr™ for extraction and degradation of

pectin, respectively.

C. Remarks on a new manufacture process

Traditional chemical methods for functional polysaccharides manufacture
have some environmental problems in spite of high productivity., The
physical and enzymatic extraction techniques developed in this study

showed possibility to replace the present chemical methods in the view of

yvield and quality of polysaccharides.
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29 RS A4S 4 A& TR Aol Bas,

JYF VAN E7HT B9 FAPHol 78 ool & AL AF
A7 olE UAT & Yt AAF FHFEY Aol FAFHs BT 1
S} B2 2E 23 ADedol} xad AW o8 4F AL
ceagozd 5874 AYPde) GHS FEHUA YL FAND £
Arke AFRII FEHT Aok obd ole@ ARE AFVARN 2§
Hol A Wot o] W@ Hok TAHL FAHI e Aol
o%eld A% 7129 Bty APy 2A ALY & de A=2e A
o =AY 3HL FYY & Ao

—3]—



F 19R29E FESFZF UFAE ARFE AZFTF] 42 9
lom, =% e, R6, FO4F F /I F= ALIAANNE AgFa 4
AFE dF st Aok @A AFHo= F 200M/TY AtR7E F244
© REE BgHI Y.

AARFLE AARE AFJEAF FFEA AR AAGD A3 FE
AS ZHeAZste A AARFFA ARTA L oF 30%7F Alddtoz
ST gEt A Sl ASFE QA6 SARE Algure o
60M/T(5F7]E) o]&tt.

A FUdAE AlFabe AR Azt W3] Algg ojgdm 9oy
(o, B55FZY), HFE I=FA8le) AVIALsT v 2¥d )& 7}
€ aFe sEd 4F F71ELS TR} 3l 44 2R R

GRLEEAE o7IA 71 Utk Fez F7HAQA AFAA
ol BFLFEA AT TA ZEE APo|nE olF RUEBES 2
3 AT F e 71€9 Aol Fasid,

A=8) ZAgdde Atddtolvt ZEQPAZRE LRI HDE F53
o 4, 29, 2F2E F9 HF AMgstz vk 28y I TR
F57490] S BT Hd e #F A7V A o)FAX @

I gen, FudA 2HHT e 9L AF FouRy FYHT
o Q7 SHANHFL o 509QUINUEE NF)eEN ORH 4 7L
AR ggoz 1 Augo] 3T

ot oA SAsE Aoz Ry HY9S A
o &3t & HdY AR EAE L & Atk =F I
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3 Qe #Y9 BrUINE St AAr|e a3 FoEN A
AgH e AFFIAAN A shte d&LgS AT 5 A

nge FuelA Az F 300,000M/T AAHE dEFH] HAEEA EA
HEEe Age Raoz o&HR Yt 2 AA ol&HFE AN YLF
o) vlEte] wj¢ o} TR A o]&4) FA (underutilized food resources)

FH3 k. 2849 mlgdE RFEFHQA NFH dFHI el &
Z 5ol glo] uYg 59 AXRFE ol &3 VEE AU F A= T
&9 7ol Zasditt

HANE TGS B4 Aite] o]FolH Fout, AT FTILER
B & ATl F#UHAAN FUe] Aavlwe] £2E FHoltt. oL 4%
o =28 7% & olfe /1EAAFPez I Yiuge] FIH
Hlmate] 2~38) ¥ Ao wosz vk weA o)} e HAAE F
B3y sjside 71E9 gy Mg 32A AdAE F e 49
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23 59 #A8 $HOE IFA Utk WA & ATNA FAT A
9 Y AAFHE TRH V1A g e BrEE 24099 A

2 AFoA GERA St Aoy Jg 4% AAF AFRUE
YRy e 471247 $EL RS 44 FAU AFTAAE B4
oz A& AYAA s ARZ AFHAG A7He Ade] wEAE
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FE 9 7154 &4 Adolzte BF 24 oldd AN dAN FF
Hog FALH Y did EAF=E HEE & A
B dFdA stz sty v ¢i4e 9T Ze YYsFHY
dol A BE AAUAN L3FF HA godN I4F 7sAde AFstd
E HoldREA EFEL 53] olEL FEAH2EA ¥F FTHHEY
FHE dFo] FE AHEEE 2L AT HZ Aol R AT AAFAEAY
Aol GHAEA 2ol HFE H/S AFY sde] 23] APH 3]
o U A$ F2 HEAFY #84 HoldF (polydextrose, dextrin)E
ol &3 TR HeYrt FF L olF Jor, 53 AgHE &LAE AF I
Foz Ry FYd o&Edn ok wEA Tt FEALE o] &F FA
3 71548 E ZE 249 MEE FIY FH AAAE A NA9E F e

1o

A28 ATALY A 8
1. AFALY 23

£ a7 2Ae Azl 4EAUeERH 1FEAY GBHE YUT
AAHAL ARAee Agel 27HE H, A v Az
H sg3jo] o% DEA B 15 AW FUL YWee AL

(D) ANxY 24 #8315 9% 294 Oy A
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1. A& Axdge] 7=

B AFqA A st 9EE AT vg(ZEFISEM ojE2

Zzk g2 ATy 72E Zeth oldd F2F 539 Fol "Eed
negle zZ+E Azdd A wen 2o B FAHE F£83 dY
tgzA Jderdth ASAA AE Axde 72 7Ee 48 AU Eok
A oule Fed AFFARA dFA sk XY FEe= 4FY TF,
AEzA R SA4E 59 959 g Jelrt AT, d7Me Ae7A A
g 72d 2d 7ked €8 J4932 e F2F FIL AT

7}, 237 (AFaheh)

Fig. 1& #AF 13 Az F2RE AFFHOoZ ved ZAoln. Idd
A xyloglucang ME U &3t 7 diEFHQ drjdEzesd dF
o)™, rhamnogalacturonan® arabinogalactan® ZtZ} ¥ 9] FFZ(main
backbone) WE AL Z(sidechain)®} FAFECIT. AF7AS AFEH
o] o3t AlE9 ERHd wat ztolrt UrlE AT xyloglucand xylan F

EZE Folo] AERL A F42ZAFE 8tH, ¥ HYI xyloglucan
#AEl ] arabinogalactan Z#E F39 FHAFl g3t M2 dd=HA 3
E Aeg 484 g & FAEY rhamnogalacturonan FEAY FTHAFLS
2 d7A="e Y& arabinogalactang HEE ©E MRz FHER F
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xyloglucan 2 cellulosest A28t 7HiL(bridge) 249 42 Eig=

Fig. 2-1. The Primary Cell Wall Model of Dicot”.
Xyloglucan molecules are linked by hydrogen bonds to the
surface of surface of the cellulose microfibrils. Some of these
xvloglucans are cross-linked to acidic pectin molecules by

arabinogalactan sidechains.

HEA sz=Fe e ZEF HEY FTRE Fig 29 YEUT
Mgz ore A microfibrilsEA BESHT Y2 01T FAN Al
Ezo @&Fq o127z FHZA P Uk olF TAVIEEL A
¢ polyguluronic acid HF-3&°l Ca? ol&Ee] YA, o

polymannuronic acid #¥9 #2337t 93 (intermolecular entanglements)
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o sl ZAFHo] o] dA%FHA EFZRE FASA Hvh. §H
xylofucoglucan® A E 2 Q X microfibrils®} FFZAFolU FALZAT ol 23ty
AzZsoe] Ed, ol Fig. 1 Yehd ukel Zo] FHAFo AFZHAA

xyloglucan@ A& 20 29 AZAWAH% H&dte AL € F Ao

T meiEinns rrecroiie it
rr——— mrpiremte sestveoric
ETETTETTET == et 5zt =
TECT TR = e EE - %%Fﬂi;—f%%{ﬂg’s
= ¥imrsaashas iy

Fig. 2-2. Hypothetical Cell Wall Model of Brown Algae@).
A three-dimensional continuous alginate network is constituted by
calcium bridged polyguluronate blocks and more or less entangled
polymannuronate chains. The fucose-containing polymers probably
play a role in cross-linking cellulose and alginate. Hypothetically,
to the cellulose microfibrils are firmly bound xylofucoglucans in

the same way as xyloglucan to cellulose in higher plants.
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2. A& AxH Y By +83
7h. A"

A 4dHes AYe AR FER F2 AFRAEQ Azl
g 225 4ae oastd 4aUgY. o5 Azd EAsGE A9e E3
o2 Fig. 1] Uehd uigt o] the AZY THEASH 2¥=e] ¥84
728 o231 o B AdtozRy A9 YAy ARAE BE
4 A9g #83 NZ £ A& S0l Yasth B IJHoE o3

L =4 o2 A pH 15~25 &% 70~100°C, =yt
A7 0E~2N 2ACE 22U, 32 9EY AA9Y FF ¥
3 2zzad &8, Az FERARANE 2~21%, A= ATelA

F73e HzF ML ZRFo EAEE OdBREA Hde A
g g7gAe] st F2ag? oze APy el HuH
g71ake] AEHe) EAste FE7E Folsty] WEolth gl AMEy Fxd
A AFE nish go] el AFEAHA X APA w2y
HAelo] 2 FTANESY 32 P A (glycosidic linkages)ol] 23t 733t
A dAAd=o] glE wdd, Ik AdE AEH Cad s FE ol
eAFL ojFa Ut weEtA & ALl AAMHRTGE AT}

JEIE BEgFoE oPAIE RezE A Utk ¢4t
g 60~80°Coll A Aelgte}.

fr

i
e
=2
>
o
in,
Ir
e
=
)
N
()
flo
o
Z
Z,
e
O
wo

— 40 —



3. AE AxY 34 83

whs} ol 387 o ohizt &
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F7E 1, v B A7 go
AHEE 7= gt

Ralet 3%¢ 98 717 g2y 2ARHHL=ES 100~180T, 232 F
I AEE 150~250rpm, AFRFEre] i@ 8 20~30%)o mE ALRFHRY
F44 2 B33 549 sl #ste HudPed, AT 989
£ (166%)7F FEAE Fd 244-475%2 F7HHTH o] A$ #HE] 7}

rsﬁ

BB 3238t rhamnogalacturonic hairy region®] F& EIH=H, ¢&
Ao T HARFEL NS vl
(degree of polymerization) & EX %2 7

g 2] taled dEAPE o8t d-g YAnA st 72
& Raletet Thibault®o] ¢Jste] 19948 =] Hz2 TRIAUSG. F, 627
Az2y & AN 93 44 FHE HEAeH, o] ARE
A Age wndtgo. 4Edd 248 24 #E FE R IFFE

ki

Ueldle 24359 F9dE 4439 A7t AAFES BE
Eal

2ARE
FAZANN Be AL ¢+ A 5, degds 3% 978 FTR=AH

A4 FEARE AEAUE W +&7 FD WA A2 FAA M3
A8 Ae ATHA TT Y AL gF@ch 280 olAY A o
$ A" FAZANANY AT7H YBAA AR BFEHAE ook
Betd 2 o AAHolL BEINE FAEANNMY AT LG Aol
FE4ol TR FAR ATRIEY TAH BEAL IANAAY
BEEAE A2y et Mnd LY AT AW R wls, =R
oA We FeARY ATE A oFoiA oX gtk A=2FY AgelE
22 83 Aol sate ATYoYEH J54 BRY LAIE, 7



o
of
fr

G, FA 5L FEHE A7 FFL 0% &k THY AR A
Ty F83el o} APl M HEHI Axdd AL T
279 A= FEYI 94T ATY Tz WBL Fod 1 849
ARsAL 2ol $80] A5 Aoz BUDT)

Table 1. Effects of extrusion conditions on the yield and intrinsic

viscosity of lemon fiber samples(g)

Sample Temperature Screw Water added Feed SME Yield Intrinsic

of the product Speed Rate Viscosity

(°C) (rpm) (% of dry matter) (kg/h) (KWh/t) (%) (ml/g)
LF1 92 150 30.0 32 170 125 460
LF2 103 240 375 32 215 138 413
LF3 90 240 50.0 24 245 14.2 450
LF4 94 240 30.0 32 210 16.1 504
LF5 110 240 30.0 32 182 15.1 305
LF6 96 240 25.0 32 228 21.1 314
LEF7 110 240 25.0 32 220 23.3 243
LF8 112 240 20.0 32 250 25.4 244
LF9 99 240 20.0 32 236 29.4 191
LFH Acid Extraction (0.06M HCL, 85°C, 30min) 34.1 583

Y, 223ue

AxY FRHEB HFg 1239 AZE FE autoclavings] &t o] F
oA 4o Guillon ¥ £ 122°C9} 136°CollA  1AIF B¢
autoclaving(240kPa)3t ¥ A3t ¥ Al529 &4 2ol 4dF(SDF)9 I
% vwat gy A7 AT osW =iz A2 SDF7F 154%0H wHal
o] autoclavingdll ©J3te] Z4Zh 259%¢} 29.7%2 FU1F AeE et 5
4 Hodf Frte AEy AEY ££3d JUds] wE
autoclavingol A X8 HE FE&35 ) 7 oul gt} 538tx gEge
T4 @) & £83 $ 22 F2 A arabinan® 2 VEbgTH

£
=
oy
tio



Autoclaving H2le SAEE static AH A 7t27gtst Aow 99 F
BzAstAA F&4 R & 70~90%7F F718 A& ¢ 5 At A
AEHQY BHe gloy oo & A g Algdolv ug Fo HE34S
Bz AEY FE3d A 74 £ A& AR J|dET =3 AR
o] el & dynamic FHZ /A8 F, pressure reactoro} ] A E muld}
w4 2end AT A9 2 A4V € FHEA dEE = UE Ao
o 2399 FAfde AdE AN NdER B2 oHFo] oy &
AFNA FRRRAEE ~100Kg/cm” AT Fale AXAA & HE
ol gle] L A&l UFE AS At g Aoz A"

)

% 289 2 slojazy

Panchev $%& Arzbulg ultrasonic M) (22KHz, anode current I, =
0.75A, initial magnetization current I = 8.5A, anode voltage w. = 2.6kV)3}o
A S AAste AFE A=stdth 72 g=2d dXAe A5y F
£0o] 108%%1H BISt ultrasonic A&l sty Hd ¢ 30%7HA] F89]
z7189gn Basgd. 8 Klatchanova 5”& microwave(frequency
2450MHz, power 0.5kW) A 2o <3l Aldguto 2R Hels AFistes A
TE AY3ATh A A5 F&0] 198%UH HIStY microwave ]
o)sle] 4g0) 27.3% =2 F&o| oF 40% F71eA

A9 A A Atgtere] i@ nF A st FEo] FrkstE AR
< 233 #EHAY. 28y o2 &3 FA4 HA= 4T dis)
ZAs dFE vt glen, =8 d7d Aol wW-¢ AgE o] Al
Ty £E&3 g FES o] e FEE. A A 2L ANH A
Wol A4dstE o AL &3 FHA AN F& AS A
d3t 2A A FEgle] HEol 7Mssit

OH
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HodE 27 dFHe]e AE ATy FFRd B3I 7jEEdS EC
B W oty HelS F&3l= Wil A=HI Y. F, Fig.
A

tlo
fu—y

-
X
2
o
£

g 5lW €& arabinogalactan sidechainsS %38}
ge MITy FAEAY  cellulosett hemicellulosic xyloglucan® 2% 34
AZdge g AL & 4 Yuh. DA pectin® rhamnogalacturonan FE 74

2% E€F302 AAY & Avd EAFe] 24 &

= 4+ Ath
ExAd % HdEEuye HAPdAFE  §HT dEd=
Wageningen University®] Pilnik ¥A} Q783 Z &2 9] Thibault ¥HAF A+
ge ZHog d7st AYHT Utk Renard 5PV A7 A o4
arabinogalactan sidechains& #3& 4 %1 arabinasel} galactanase® ¥
FYe A #HY FZo adgx ZA FUMEA ggen, 239
glucanase® HFPEL # HBFZo) Z75 4T ol2e Age AtFEry A
¥y Adle] gJo]A arabinogalactan® U xyloglucan®] HeE 3 oE& ME
Ede] A F2F 94E€E e AL duidt. 2y At 7
FFolg 7tF 989 £F4 e dFFEY o7t GEZ o3 ARE
gurstalzle @k B3 9o A7 AEE &2 AAe dF4doAe
W BADAL AX A" Ao HALgde dFPsA F2 ALE &
L <h= 0

i

[}
T

24 S AF
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L & Axyy £94 83

T A EZF W 9 AE Axge &3l g EHFHA 4
TE 19948 =d E dF-o] Er1E, A, vy T Su4t FolgAd
o FEEE o7 3t ¢E4Y FTHL FEHAAN AFHAG®. €7
o] Afole FE AAZLL EAY T4 AA, A vge] 75
v B4 MFolgte 1A 543 Hd B E3044E AAEr] A7 71z
d72 AYsAh 97IME AFES v g i R dFEHE &
NEtr12 3

FUE AE ARHBEsTFER)C et screw speed 250~300rpm,
feed rate 30~40kg/h, sample moisture 20~30% ¥ 14719 FAHZASE
o ¢ERFE AP F EYSTH 54 ¥HHE HEUY. AxYe £
£33l W AFAEAN AFAEY FEF TFRY FFo] 8.22%AH] w3l
AT ANBY ALl 84~182%2 F/3HTh ole AEAEIP A3t
o Algube) B84 MEHe JFEioe] #£83d AL vt #H HAF
2l 333 FEUe F&2 1540% AT FTRxAY AA wg
& ZFAdA B $EAFY A9t 3 MIdEEng § Bl
= & fugth

vl tha] screw speed 250rpm, feed rate 35kg/h, sample moisture
30%9 Z=ANA &4 AL BF FEA UFHY ¥l 13.08%=AM
29 360%° WIBte =LA Frretth wrdd g g A A5l

E 1768%2A 4EH4PEY &0 ¢ & A2 ey

49 AFE 53 dUFgHom FEAFC] ArFutoly Y MY
Fz9 F43ld H$ 523U A& ¢ F Utk olHT BHAE EUE ALF
o} mldozrRE 5A gERd Hxn ¢4E 447 AsiMe B
o AAF] H2 a7V BLE Aojth wEA B AFdMe £ F2
(BEAEH)S B4 2@ HF 3AMNE 77 FH2 Aotk

|
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2. 4E AxHe aaH $83)

re

FSHAME Z4F HEA Q] AHF F FALEY $838 FAFd Bos}
© Z2d i e %ol AYEHY] go gFdH FE2& BHoz @ F
&3t 7le] Mg #3 ATE W VA FHo|th

AEA Y A3 A FF AFGA F2 dFAARE AL AR &
ARG Fol 2Fo| ZA 3= pectinaset} hemicellulasese] 9)8te] Az ¢
A&l EMHEA 2o A 7t FAHE AFsE Aot W

B ATNM £BARR = AL ol AAH 583 FPus uBA
o Yot FANS A 5] AdHoz AEY 72 F83 3
£ Aol

o Helo 7} R E(sidechains)g HAE T € arabinogalactane]
SR R Ags FHI 93t 494  hemicellulases®]
arabinogalactanase® &3 AT ZAFr BRu® uF Qo o] o ZAU 9
EA3h= polygalacturonase®] A& 49 7142 polygalacturonic acids
affinity chromatography ligand® A}g3led AFHo g AAFHUTh Fig. 19
Uebd uvhe} o] EXF HElo G437 YA YEME Huigds
g HX A ZFoWA arabinogalactang MHA O 2 F833ct Svo] W
ot mEkA $olA e Zo] FPE 849 EAL MFTIE ARE B dF
E 9437 9% v gd HAZ dyel 8 Ry, Hy %

MAEH ] arabinogalactan ©]¥d] & FAAAN R & =z
HE 998 7HA] FEE XY BIaie #4¢ 1 FF 52449
T5o] et
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g3 g o] B4
H 43 UL 4F, 219, 121, 289, wolazg, BE F&
43 el e,

P& ol 8T HE AXYY F&3E FE IFFH
A3st7) 93t ol& 23t
Hg o)A 84 AEY FU F2F HEd 93
AEsH= 2371 3 LN

| 93le] oj® 5T HEL dE Aol EFo] ol A5 AAY B4
Adste Rl HFHoAH

FAAF] AMEHe i FES &3 ade NFITEH FA A=
JHERAAES EEF ool ZRAA A7t olFoA 47 43
of AtF2 At AANA 84 ALY dREL F22 £2HY] @E
Atz 2 B84 AHz 9A "o vl3viAE Al R (sugar bee)E
o]&3te HEE Adste BHAE FRAEHYEE AASNE E&49 AGFE
g @A "ok §E2 oY B84 AEY F&3d axFoz AgE

& 9 Aoz WuEI Yt

Tl B3 Wi 93 A& AEue £43d U ZHH 4
TE 19948 E 2718, AR, Ty §9 Ui Aolgxide BEEE
¥ol7l 918t &4F AL HE3AA AZHAGT, o] dFAA gEe F
o B4 A B ol AAF AT £43E s EfFHo= o

i
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mebd, B d7ode 4E AEd T AE AExHe FEIA dE =

7b. Abghap

B A7dA A8# Az AT I ARFE ARFTFAR AT
AESZ2P NN AT A2 WA hammer millE 80 meshA & FHE
2 248 B o] -10°ColA ARSAA AP A&3IET

B Ao AFLE mlde Axvgo g AEANFAN FYSFAT. A
rjge WA F@r|2 A9 ¥ hammer mill2 80 meshA & EFIES
A5l o] -10°CAlA AAsHEA Aol AL&stgr).

ﬁm PN

2. B9H 354
. AR BHEE

48 Az A% == AFH Atg 50 g€ 1000 ] HCHS- (pH 1.8)°]



W3 85°CollA 3083 sttt ol & 6,500 x gollAd 1087 d4dREs &
A59E A3 L, 1.0 N NaOH €98 o] &34 o798 pH

ZA% & 4 L9 isopropanold 21 8AZF < WA EATE olg A} &
isopropanol® acetone®.Z M A& A AZXEFFUTH AXH ABE ZHFFI
o 1% &H4E TE F 6500 x gollA 1087 dAEHNS BEE HAES

AAE F FA2AXIIUG

o @4 @y 2

Az 25 g& 1 L9 01 M NaCOs & ¥3 1 At T st
T 6500 x goll A 1087 A48 AT ol AFAG F g 48 (v/v)
9] isopropanol® 7}8td A E HAHE-E isopropanold acetonel T A ILL}A
olg Ax3IHUY WX ANEE FFF 59 1% 9L ¢E F 650 x ¢

KN
o4 1087 A4Es] Be4 AEL AAD F FAAZFRL.

2

7}, Ayzput
E ATAM ASE 4EHEVE YT 9 22UY oS¢EHUY)
(corotating intermeshing type twin-screw extruder: Biex-BNDL 44, Biihler

Brothers Co., Swiss)ZA4] L/D(length:diameter)®]7} 20:1¢8] 23 F & o] &3}y
o 959 Fde Y 458 832 B24Axe K-tron L-102 AM&3Y
3, 959 7teiRE FE-L power valvest flow meterS £3+9] barrel W5

2 FYstd A9 AT 23F 3PEE, motor torque, YELLE,



A48 FEE FEF 2 7148 duR £2E& F9 AE= LCD display
panelo] EAET A9 interfaceE ©]43t] 10& 1ZH 22 HFEHA +58
Rt

B A7gME gEAYe FARFEA AFF £E(screw speed: Xi), 9
89 BF%(feed rate: X») ¥ LBWF9 FEFF(dough moisture: Xs)& 3
Me] EWW(independent variables)2 ZAdHTH E4Fe] AdFEA=
Table 3-1¢] Ueldl nlel o] 384 35F 9 factorial design®Z T4 ]
glom, Z9}gk(screw speed 300 rpm; feed rate 35 kg/hr; dough moisture
259%)¢) 23] WE-S& T &3t F 1439 APo2 o|FolA jlow, HFL F
29 ¢ M(random order)ell 9Jdte] HAEHTh EF ojHF RE TS
98e 7% specific mechanical energy(SME)E &3 3te] Table 1] et
R eA= )

do,

nleje ¢rel Aty EUT 71FY )EFEHINE o83t AFEH
482 Azt mde ¢EA¥e W9 2 FFXAANAN VA
(SW-1) screw speed 250 rpm, feed rate 35 kg/hr, moisture content 30%
(SW-2) screw speed 250 rpm, feed rate 40 kg/hr, moisture content 25%.
o] W SW-13 SW-29] SMEE ZZ 130, 150 kwh/ton%{ .
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Table 3-1. Factorial Experimental Design for Extrusion of Apple Pomace.

Actual Levels Coded Levels
. SME!
Treatment Xi X X3 X1 X2 Xa (kwh/ton)

AP-1 250 40 25 -1 +1 0 123
AP-2 250 35 30 -1 -0 +1 102
AP-3 300 30 30 0 -1 +1 118
AP-4 250 40 20 -1 +1 -1 173
AP-5 300 40 30 0 +1 +1 107
AP-6 350 30 25 +1 -1 0 167
AP-7 250 30 25 -1 -1 0 163
AP-8 350 35 30 +1 0 +1 126
AP-9 300 35 25 0 0 0 122
AP-10 300 35 25 0 0 0 122
AP-11 350 40 25 +1 +1 0 151
AP-12 300 30 30 0 -1 +1 113
AP-13 350 35 20 +1 0 -1 176
AP-14 300 40 20 0 +1 -1 173

b Specific Mechanical Energy

4. 84 tdH(Water soluble polysaccharides: WSP)&] 23

ol
1= % isopropanol® acetone® & MW LA AZRIFLH A
ZE AEE FTFFN 59 1 ¥8948 HE F 650

=l

o] B84 RS AAS F sRAZIA

00 x goll A 10%3 A4E



5. %84 TR £& 24

84 OERe FFEe 9o AMdAe] we B F x7) ARE
(AF7he 50 g Tl Bg)ol UF % FL 22 589 Mo WMoz
e gl

6. Anhydrogalacturonic acid (AGA) ¥ 4% &FH2AA

F84 O3F9 AGA #Fe 584 28 7t IA9EFS vl
Hz2A vjAy g ol FAHYH F Fig o83 HAL TR
3l & galacturonic acid® m-hydroxydiphenyl® WHS-A1H FJEZAE ZF
g 3lgtt. 9, FA4Y %S phenol-sulfuricy] o] &3le] AA 3T

7. ¥ =(ntrinsic viscosity)

F84 d95H9 zHAXE Cannon-Fenske capillary viscometer® ©}&
3t EFg3ch dAFY F84 AdBFE EEE) 52 01 M NaCl(ed
A of 93 ALdA 1A B9 werdtgth o] & 045 um Millipore filterel]
A o7 F 10 mLe] €94& Cannon-Fenske A E=H(size 50)°0 EL
2510.1°CAX F=E SH3AH

8] A = (Specific viscosity: TMsp)®t -4 X (intrinsic viscosity: [n)e &7+
e A& ol &3t AA S
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Msp = (T]‘ﬂs)/ﬂs §h)

C—0

AN 1 S99 AE, 1= $oY HE, Ce 49 FxEolT)

oS, 389 BEAFLE oA 738 24HEE U9 Mark-Houwink 2]
of Y3t ALt

] = 2.16 x 10 M*™ 3)

M = (4,630 x [q)"*® ‘ (4)
S, v Y9 B¢ 29 Mark-Houwink 2& o}&3t@th

[0 = 20 x 10° M"Y (5)

M = (50,000 x [a])*° (6)

8 ol m# mZvlEH I (anion exchange chromatography)

A8 25 mg2 10 mL9 50 mM sodium acetate buffer(pH 4.5)o] 23 A
2o 1 A7 B¢ €31A417] & membrane filter(0.45 ¢m)E A3t A
Z3% 89 4 mLE 50 mM sodium acetate buffer(pH 4.5)2 #3 A]7] DEAE

Sepharose CL-6B ion exchange column(l.5 x 25 cm)el 43 & 100 mL9]
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50 mM sodium acetate buffer(pH 45)& 0.7 mL/min®] £5% &3 T4 o
FHE 2239t g2, H8€& 50 mM - 1.0 M sodium acetate buffer(pH
452 E&34t. 4 B2 3 mlE d9en, phenol-sulfurict 3
m-hydroxydiphenyl¥ ol &3t 24zt F43F3 ¢&844E FASA.

A3d 23 2 1F
1 Al 2 Rge) 28 4R

B dFo] ALSE AMFRe $E 114%, 2oE 379%, AW 45%, IE
1.8%, 838 709%(ZA 3 383%, TS24 274%, AR 52%) To7 T4
H Aoz ENFHAY. A g@43E shed 24 ZFHEFEENFOFA

=

AzH b)ge) FRAEL FE 114%, 299N A 194%, ZAW 43%, JE
20.3%, Klason lignin 10.9%, &338 472% S22 veEyt. @435 71
H 24 229%% mannuronic acid®} guluronic acidZ2 A4} o] Foj4 lon,

olgo] Y FHHA Bk

2. Afghete o) 9 484 TRF A

28 3-12 71AF oA AREE&(specific mechanical energy: SME)Z 4
24 ohFF(water soluble polysaccharides: WSP)$te]l #AE JElhd Rolth
4&4PE A2E st SMEY F=o] wet 11.94~1975%¢] LEF B
gvfl, WA o] Ak 2§ AL 1440% = e ol &

Azxyozry 44 tdFe £88 A=r g L Lene

i

v
[

N
2
2
k)
)
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Yield (96}

Fig.

30 13
35 - = 1.25
2 ) ) 1.0 o
Acid Extraction =d
=
T
18 o g E
i3 .75 -
=
RAZ= 0.921 Acid Extraction 7
3 4 .25
{} 3. i ] £ JE F k3 x i E
g0 1 120 140 160 180 200
EME {kwii/tom}
3-1. Effect of specific mechanical energy on the yield of

water soluble polysaccharides.
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Fig. 3-2. Effect of SME on the AGA content of WSP.
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Fig. 3-3. Effect of SME on the neutral sugar content of WSP.
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AL omett £3 YA FAAFoE SMES WSPL $&o] vlgse
AL & & YEH®R® = 0921), o]= SME <7}o] ule} Qe B84 ATA
2 ZA%Y AxYy T2V} Fa $£43 He Ao Z JHdn S F48 )

(o]
o2 & 9 ¢EAHTE 1Y FHFY 2FE 53 719 4HE ERg
5

HEHEL 4F9Y NNAH 83 AELEA AFAAAA] A Ew of
Uz A& Axzde & FAREER 483 o gEA A 3@
F9 "AdEFA HeY  oYge®  xyloglucan, free
arabinogalactan % 2% v A E 2 9 ~(hemicelluloses)”7} E3HcH e
ZFFZ(main backbone)& FA3
acid(AGA)EA £ A7ME HedFe =24 AGAE A8ttt 18
3-2014 WSPe AGAS §F& 53.09~59.27%=ZA SME7} &7184E WSP
7hEEl AGA &2 AR Zade A& € 5 Ao olv oA SMEZ F
713l w2l WSPY o] Friste d4d AhtEle Rolth ol SMEZF
Z7hslaA Axee He olde] thE FAAEC] OF FE3E AeE X
Atk 4 AFF WSPS At AGAY o] 5044%=2A FEAY A=
o vl 71F ¥F& e BAh ol AFEo] AE MxHe] F&3d= 1
$ 5&Folv 1 AAAM FE4¥d v HA" o] HE FA °F &
&3 A7E RAE g

#H, 2¥ 3-32& SME9 £71e] ©& WSP9] &A% neutral sugar) &F
< vehd Rolth. DA 4EAHY WSPe 4T L 10.13~3066%=
Al AFE WSPY 3825%0) HIste A @& s BRE =Y, IHAA
SME®] Z7te] et F4 tddie FFel Frksle 2& ¢ F do o=
HFEXE AN FA=§ X7} Atshdtel =918 Z¢ HY o] HE
ol O FEHWA HE9 £x7 AdEtte AL vt

138 3-29] AGA BZg 71Fe g 19 3-144 T3 WSPE AGA &
NFEozA g 3-44 Vet 2"l SMES F7te] w2} WSPe

=
wn
B
=2
rr
e
it

=~

I A= FAHEL  anhydrogalacturonic
3]



AUA Yield (B0)

20 .0
i5 F {075
/
sk RA2=0.896 Acd Extraction 4025
8 * U WP S
80 100 120 140 160 180 200

SME (kwh/ton)

Fig. 3-4. Effect of SME on the AGA yield of WSP.
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AGA e Zrbshd, AAMF ez AGAY F7Mgol 2d 3-19 WSP 37}
gE0E 22 e 4 F U

3. Azutel £84 RS DAEE

A

W
H

a3 3-55 &Y SMEJL Z7tel wet AYE 84 R 1h
AEE Jehd otk ¢&4¥9e WSPY nfi=E 111~-38 dl/gelH,
vhdo] 2txlE] WSPQ nHYEE 3.08 dl/gdth 1% 3-5¢14 SMES F7F
z Axgd 7pA duiAe F7tel wet Add WPl afH=T} F4ad
= AL U 4 AUtk wBPA SMEY Frte AEYe] #8338 FHII=

0

Oll

r
&

.

o] 4318 WSPY ZAAEE Z2AUTE S ¢ F Utk
33, 2(3)9] Mark-Houwink 2lo} Uehd ulel o] 3{fA=E EAF

et 2d 3-5014 F3 THHFEE 4 @) o ddstd #g WSPe £
AFg 21Y 3-69 I%E}Lﬂﬁit}. of A5 ule} o] SMEY F7le ZAR}FHLE
ko] 7AE ARLTE AL € F Ut 4EAY WSPY EAFE
497x10°~241x10°9) E¥ES RPen, ukdd] Xy WSPY EAFE
181x10°¢t}. olgt 2 AFE AFpdtd] AR e AUA7E FHEFE AA
2ol 58387} Zrbsh ok ey $84 REAY X7y SAFHEA AA

Ml BRFo] paBThs AL v

e
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Intringsle Viscosity (dl./g

Fig. 3-5. Effect of SME on the intrinsic viscosity of WSP.
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Molecular Weight

RA2 = (.893

3 £ F i 3 i ; i

ﬁ . e - . i
BQ 100 120 140 180 180 200

SME {kwh/ton)

Fig. 3-6. Effect of SME on molecular weight of WSP.
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4. M2 HH3 THEFY AL

ol sty  A7dME FE(g/dL)H LHIAZA/@ ©$i7t v R
o FE3A MEE THUFEA (5 x IRFE)E FH3I AREA A%

I%¥ 3-79) SMEd] @& WSPY (¢ x I/4AR)Y FAE Jehlidoh
aFAA & & JAe vkl Zo] SMEd wel A 3BAZ Rold YE A
< ¢ F Utk E=F FEEYY (FE x THFE)E 1.10~23001, g
2] WSPE 22280 &, E4Y Y HAT 43L& B Axg
o st £ EAFE ¢ F e AL IgnIn.

2y #8498 F Jhede 1Y 099 o8 X A O9Fs &
Asted olge AMAE FEIHE BE&Eolth pety 84 R AA
W ¢ Hoe 99 Yehlle AGAS Tedle ol B A Bz
oS 2dch bl 28 3-89 SMESH AGA (€ x LHAE)Y] BAS
YeEtSITE 28 GEAE A89 A% 059~1.349 HYE Bygon
Hell A2 AgE 1129 g BHEt ot HYg Yoz s AL ¢
A8 AR V1€ AAY FAHE FE&F EAF UM 228 gixG
JE JeolHE RE W o
ZEHoZ AtFtete] &4 ¥d 9% AR S B 09 383
5 7IAH A AEE(SME)e] 110~130 kwh/tond] ¥$Q o #H=sel 5
&3 EAFE 1 7€ AFEHS AT £ de HF 3HzPS
2 A9,

=

O

(‘

=4
A=
T
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i} i e ¥, 3 £ F) i 5 3 i
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Fig. 3-7. Effect of SME on (Yield X Intrinsic Viscosity) of
WSP.
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Fig. 3-8. Effect of SME on (AGA Yield X Intrinsic Viscosity)
of WSP.
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5. olews AZmEIH T

29 3-9= 98, 4A L FEAY WSPY gol my AzrtEY
(anion exchange chromatography)® Yeld Aotk Z7)d &£&He #82
A4 Z4 TFF(free neutral polysaccharides)® WrEMNH, whdd] Fxto]
AGAS @7 £25& F4 O9RE H99 FEF4 FHZAT I3t @
Aso] HelRae dREoz zpFHG. Hee pA REES olFE T4 O

28X ZZ arabinan, galactan, arabinogalactan®.2 FAHO JE ALE B

O

33 3

)

arabinogalactan #2902 o|Foj3 &
ow gt} &, AHE AR(ACD)S Hlw
5t ZAAM 4E2A¥Y EX-2 A8E HA 4HIAT Ard Bt

s o} 4= glth WA, AE3 24
A =439 89 EX-132 Afde AUFez AF FA4 o9RIL o

F 2AHE AL G F Atk olE g9 aF 3-8A 23 RUAAN &

of
o
oft
1o
o
of
o
piY
flo
Pk
tfo

(o}

2470 BAYT e AART $4svhe 2oE LA Aok
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(a) Raw WSP (b) Acid WSP

(c) AP-2 WSP (d) AP-13 WSP

-0O- Neutral Sugar

-o- AGA

Fig. 3-9. Ion exchange chromatography of water soluble

polysaccharides obtained from apple pomace.
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njode) &Y e F44 OBRY £ LFAE R BAFTE B
3-2¢] JEIITh BeA € £ Q& ukeh 2o] Hge] A, &Ed 98 o
B 22588 71EY gz 98 F&9 A £FY 135~153%
2 vt &9, 24 o8 vldeziy &3 £84 9BR EAF
& gy 2§ A9 ulsF 158,000~1655002%

Table 3-2. Yield, intrinsic viscosity and molecular weight of water

polysaccharides extracted from seaweed.

Samples Yield Intrinsic Viscosity Molecular Weight
(%) (mL/g)
sw-0° 412 722 361,000
SW-1 13.45 331 165,500
SW-2 15.28 3.16 158,000
SW-Alkali 1768 360 180,000

3 Based on the Mark-Houwink equation
(] = 20 x 10° M*°

b WSP from raw seaweed without treatment
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vjge] Ay 3px2E BH HAEZAE AAAY microfibrilsZ2A] B
St 3 olE FHo] EAMJES0] A%F 2ETRY FHIA €Y
ATH olE LAYEEL BN polyguluronic acid HE¢] Ca? o]eE

o 93]A, 2El3 polymannuronic acid FE¢ EAAETT 9
(intermolecular entanglements)ol] ¢)3le Z = o] o] A& A IBFLZRE
P Hot olgt Zol Mgy AEYE wi¢ dud AFRFRE R EE
Yol g £8 ¥ FAS FAG FEA HED oy v gy AEy
S, GZHA vl FAHS DA

o
o
i
2,
o
o
op
1)
)
o
N
& 4
ok
ox

£

At 2 HE] 9FEo) 93] 484 UBHFE F23 A, £&(5AER
HE7IE)L 119~-198% (AN FA YR 7129 8L 56~94%)2 MY
2=, &Y HZ AR F1E4E £82 FEE Aoz e

won, HZIAduAe} & Alole] ABBAE 096022 VERGTH S0

A FEFEL V|2 HI¥HA AAFY ZHAPH 18 85T)FAMY F&
144% (A 298 7139 8L 68%)0) H3W =4 4D &= Y= Hoz
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bttt

ool AS gtEd 9% OFFE FEFEL VIEY LYY 4T &
B GALSE $249 135~153%% UErth

gtad) o3 AlFtezRE &3 $84 UdFY FFEHFE
& 531~593%= JvEhgted, w7|Aduxee] FREAE 9

128 AAEd] & FEA] FEE RFAFEENY] FHL 504%E Y
Ebsth.

g4 OERe F4Y F A, A4xeY 383%0) vl FE B

191~30.7%2) M2 vEnt. ¢EA wAANURAY F7hd BE e FE
2z o] ZrlstE RAeE JERtth
LHAE A g8 584 hRFHe EAFE B4 A, §F) o
8 222 BATL 497x10°~241x10°¢) BEE Hgow, u7|AGA

Zile) wet BaEe Zasts Ao Urrgd Axzd o F2E9
Bage 181x10°2 JEgth

o
ol
ofy



Ad A 2

Hode AFAA AFHAL 2

2 543 Wyd dsty
ghaXed g dd5

University9] Pilnik A

=W $% % 2= Wageningen
AFEFH ZF29] Thibault B4t A7EHE FHL
= 477 Y2 AP Renard T AFAA) o3
arabinogalactan sidechains® #3}% 4 %1 arabinasett galactanase® * ¥l
dge RS HuEe 2o angx AA FUkEA ggken, 23
glucanase® H L W ALFZo) TNt B ol 2L Az
= Abgabe] A EW A§e] lo]A] arabinogalactan®E BHE xyloglucano] H¥
7 g2 AZHEzse A FE24 4E-¢ dve AL gvg. 23y
Aol AL EEoly 7tFEse R we 2Tz A7t YERE
olgl et AFE YutgdlrlE ojFTh £ f9 AT AEE BL AAeE
2R WX AARRFE AH AP Aoz L83 JHEHA
%o Aoz FudTh

FUYANE Z4F AEA dHY F T
= gad g A3 2o APH o, OdFHF FES FHeE T F
23 7129 Al #F AFE wWs v FHoH.

NgAe A3 AR B PN F2 dFAAE AL FAFY &
Az AE ZA3HE pectinaset hemicellulaseso] &3t M FEH T
AR BIEWAM o] A3 st ARFE AFsE Roln W),
B A7 85z dte AL ol#d AdF £&3 AYETE IEA
o) HElol} @A Qe st MedFoz AxY F=E F£83 3§



= Aolth

AE ¥y TR o3tH HEl L arabinogalactan sidechainsg %34
& MEd FAEAQA  cellulosett hemicellulosic xyloglucan® 3}
AdFFe] e AL ¢ 4 Juh mFA pectin® rhamnogalacturonan F& 2
S FASEA ol Z2ES E&FHoE AAY £ JdA FHLIE H43)
stAA FH9 HYg A 5 & Aol

ghA, B ATdME AFEs g disiA o2 kA AE AEE £
8 E4AE ol83td £838 A4E B3t U

A2d A € I
1. H43As
7. Adspet
B AT ARE Az Abde Fu ARFs AUITHAR AT

ABE=Z2z)qA £AF RAOE WA hammer millZ 80 mesh & 343
E BE4% £ o]F -10°ColA AAstAA A AMS-3taTh

B AFdA A143 mgde Evjdoza Mg ZHEF FFAEAFAA
Ze8g o} AA Bvlds z28 B A AF¥ed 48 AAs T,
FZAZIE ol&dte 60CoA #=E A ¥ hammer millE EH3td
60mesh A& T3 YAE Zof 4Fd AHE3A
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E AFAAN ALRE Zhe ¥ 4-13 2o

Table 4-1. 849 £F9 AZEUA.

Enzyme Model Activity Manufacture
Cellulase C-8546 5.8 units/mg solid Sigma, USA
Hemicellulase H-2125 0.026 units/ mg solid Sigma, USA
B-glucosidase G-0395 3.2 units/mg solid Sigma, USA
Cellulase Cellulast 1.5L 1,500 Novo Cellulase Unit/g Novo Nordisk Ferment,

Switzerland
Hemicellulase Pectinex Ultra SP-L 26,000 PG/ml Novo Nordisk Ferment,

Switzerland
Exo-polygalacturonase 4,000 Maceration Units/g Yakult Honsha, Japan

2. 989 AAE
HE AHEE 100gel 429 BE 718l g F AR TS o] &3l oF

& F 0CAN Azt +A5 Fo) Am AFEL 474%

3. 484 9FHF(Water soluble polysaccharides: WSP)9] £3
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A d At = vg g9 dA S sodium acetate buffer 1000mé
of 7hgt & dAFFY] EAE H/StY muksteE Yoz ¥hSAZAT oln,
Alge] Fx, A5 g 549 FE, bufferd pH, ¥-ELE9 WAL F

isopropanol® acetone®. 2 M1 A2 AXRIFUT AZRH XSS ZFES9
9 1% €98 UE F 6500xgol A 1087 94 Egde B84 AES
AAR F 52 A=x3}9H.

T84 TOERe FFE f9 Aitd e 2% F I5E FAS
AAE Ao H= A5 FA dE %2 YEhA

5 FEE AE 4
FE2E9 AELE Lol g FZEvtEI#HI(anion exchange

chromatography)& ©|-&3te £43Jrt Al® 25 mgs 10 mLe 50 mM
sodium acetate buffer(pH 45)o] ¥ AL 1 A7t ¢ L£3A7 =
membrane filter(0.45 pm)E AF3}F. AT €9 4 mLE 50 mM
sodium acetate buffer(pH 45)2 33 A}7Zl DEAE Sepharose CL-6B ion
exchange column(l5 x 25 cm)ell FYF & 100 mLe 50 mM sodium
acetate buffer(pH 4.5)& 0.7 mL/min®] £=2 &8 FA4 UIFHFE &3

t} o+, HEL 50 mM - 1.0 M sodium acetate buffer(pH 45)Z £%3}%



th 7+ 282 3 mLE 3% 2m, phenol-sulfuric # m-hydroxydiphenyl§ ol

gt 2zt FHYH 2N SHAA

a0
001%(w/v)9 Y &9 05 mLE ¥& A4 58 T 43 H F4E
2w g 3o 9= 0.0125 M9 sodium tetraborate 3 mLE AH7}ete] EFAIA
o2 & 100CAA 583 #Bolm UA A 28 AAdA 58I 481
0.5%(w/v) sodiumhydroxidee] =% 0.156%(w/v) m-hydroxydiphenylZ 0.05
mLE #7H8tn 2 EFE FH 208 Fo) 520 nmolM FREEF EHsG &
ZFE2& 0001 ~ 0.010% galacturonic acidE A&t}

T84 2R EXFEE IFHEERRE 4EH00. F84 O93FY 2
#3 =+ Cannon-Fenske capillary viscometerE o)-83ld 234ty dA =
o #&4 Od2FHFE EEE) £& 01 M NaCl(E3) of B3 gL 1
A7 B¢ mgtslRth. o]& 045 um Millipore filteroll Al <438t & 10 mL2)
8912 Cannon-Fenske 2AEB(size 5091 BT 2501°CHAN H=S =
A3t |

B] A % (specific viscosity: Msp)9F A3 E(intrinsic viscosity: [M)e Z+z+

g Ae olgstd 2RsAT



Tsp = (M-Ns)/Ms (1)

C—0

q71M 12 &9 FE n.E £vlY AR, Ce £499 Exo|t}

1S Hele] B oM T THAEE §298 Mark-Houwink 2l
of st ALF3IH .

[ = 216 x 107 M*” (3)

) M = (4,630 x [q])'2® (4)
98, 199 F¢+ 929 Mark-Houwink 4]-& °]&3& % ch

[ = 2.0 x 10° M™° | ®)

- M = (50,000 x [nD)'° 6)

8 Btd 23

52 el d3 £84 BYFY F& F8L /129 AR I
&3 vwsy] 93t pH 1.8, 60°Ce pH 1.8, 85°Ce] F 7HA =79 3%
2 gl 98 88 BAsgt

AF Abek 50 g€ 1000 me] HCIE(pH 1.8)9] Y1 60°C =& 85°Co)
A 3023 Mtk olF 6500 x gl M 1087 ANEAR T 4F5ALE o
F#atgth. o2, 1.0 N NaOH &g o] &8l o7e pH 452 ZAF &

N

22
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4 L9 isopropancl$ ¥ 8AI17t F¢F RS YT) ol8 473 F isopropanol
3 acetonelZ AT 2N HAZXET. ARI AE2E ZHFS o 1%
FE $ 6500 x gollA 1087 gAREsY Bad ARS AA

op

=N
=

rtl
o

=

L 38 AZd g =&

2L Azl ¢ 484 HFRY 22 £83 wnsy] dsd Hoy
Aol ¢ $&¢ BASAL v, pH 18 60T ZH}AME Aoz
FEQ $£80] 293%¥en, pH 1.8, 85CY ZASNAE 6.2%= e 2
Ae) We ol W F& AT

2. Exo-polygalacturonase?] 83 &3

Exo-polygalacturonase(Exo-PG)& & Exte] ooy gz suA
HEEdete A42A Alguto 2 RE9 WSP £24 pH, ¥14LT @ ule
Al & 83 a3E BAsyrh

¥ 4-12 Exo-polygalacturonase® ©]-&3dte Alwlulo gHE 484 ot
BH FEA 2R @& FEAHY FR05% Ex BE: 10%; SR
pH 55, 36MHE Yehd RAoith 35TY 8L 741%=2 o7t "ok} o
Al Zadte A2 YEyth o8 e 257 2242 ulge] o

-3

ZFshAI Rk whgo] AU A Do) d Exo-PGel] 93+ 713

¢
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10

Yield (%)

0 1 1 L 1 1
20 30 40 50 60 70 80
Temperature (oC)

[SAfter 36 hr at ph 5.5 %

Fig. 4-1. Exo-polygalacturonase® ©]-&3} A}z at
© @ 2E water-soluble polysaccharides F&A &
o @& $&AHE FE05% Ea X 10%;

w227 pH 55, 36A12h).

Yield (%)

O i 1 1
2 4 6 8 10
pH of buffer

HReplication 1 WReplication ZE

Fig. 4-2. Exo-polygalacturonase® ©|-&3to} At}
ulo 2 B ¥ water-soluble polysaccharides F&A]
pHel W& F&RFdd Fx:105%, A4 F

10%; ¥rg-=7A: 357C, 36A17h).

i
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213 4-2= Exo-

g5 F=4 pHA

sl7b Akx WSPe)
o 24 AdE A9

10

polygalacturonaseE ©]-&3t Algeto 2R g &4
2 S 5205%, 84 FE! 10%; ¥H&E7:
W Aolth, pH 709 # WSP &2 741%=2 FHU &
Amrt A dbgzAel AUXA 84HL o st
F&o] #adE AL ddth B9 A4 29E
YA Ao e

Yield (%)

i 1 i 1 1 ] 1

Fig. 4-

Re=0
7]-0]}

10 20 30 40 50 60 70 80
Reaction time (hr)

| =pH 5.5, 400C wpH 7.0, 350C

3. Exo-polygalacturonase® ©]-&3te] Apjub
Bl water-soluble polysaccharides F&A] A

kv

e
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2@ 4-3& pH 55, 40C¢ pH 7.0, 35CY F 7kA w-gzdsteiA
Exo-PGE o] &3 Alzluto 2 HE water-soluble polysaccharides F&A] Al
2 FEAHYE 3E05% £4 TR 10%)S UeRd Aol A H
Hhe} o] Hkgz7e] BAHYTE U F&2& & F ' WAL
@2 AT #&& FIAIE dHe E2E A2 YEst pH 55 40TY

Zas e BAT B3RS W FE0] 813%E HUE EHoH, pH
70, 35CANAM = 60412 BH8tAE o F&L 9.13%4 HUH

fr

3. Cellulase®d 443 #53}

cellulasex= cellulose A FE Aoz 73t 242 ¢4 ¢
o B AFGME 29 cellulaseE ©]&3t At g ovjge] Axws
Bt 2z He g 42AS FE3E A disjA B4

a8 449X 462 A FEZF AZF4 1%, 3% R 5%C1A
Cellulase(C-8546)E ©]-83t Ala}dlo 2B E] water-soluble polysaccharides
FEA ZALFEE BEANY wE FEHEEA: pH 50, 00)s YE
Zolth AAAHoE AHHY FAE 129 Fx FoME 29 FEI F
NHEFE FE2 FUMEE AL R vEEgeH, Jd £88 ¢S F Y BE
Aztol @&FHe Aoz eyt a5y, 7139 ¥EIF F7Ed o
WSPY 488 2/ F5x gE Aoz Uehd bl od ARE Lo ¥
=7 AR Fo g ve FFEo)Y) Wi 71d F=9 IVt wE I Hn

39 4-7€ pH 5.0, 40T, 24hre] WEZ27AdNA B4V =Y o 713
$E¥ EAPEC BE $F AUE UBd ot 1F 4-40A 469 73
$obt @Y Ead FERW ohg 7149 FE7t WSPY 8ol 9%E
27 FE AL ¢ + Aok o A%, A9 B2 5%0ln BaY FEY

N

-



1969 W 584 GFRY FEE 1075%2 Yetod, ogg e e
AAY A& F& 293%~68AGE U5 BE FEolh

lo

9t 0. 25 water-soluble polysaccharides F&X A% E¥W wHeA| 7l w
2 F&(8x7: pH 50, 40T, 24hn)& 7129 57 247 1% 2 5%
HEbd RAoltt, o] A%, 17 594 83 L AtE B

A2 2E Fed B3 A 8% A7 daME AYE 540 ASug
o 7 WAzl dad Aoz vehded, olgid 9L mad)

o
e

Yield (%)
[$2]
T

2 i 1 1 1
10 13 16 19 22 25
Reaction time (hr)

[SNo Fnz. 0.03%5 40085 40128 ©0.208 |

Fig. 4-4. Cellulase(C-8546)& o] &3l Alzuto g
2=
[=]

B water- soluble polysaccharides Z=ZA)

fo
B

EY WA @2 &l BE 1%
7: pH 5.0, 40C).

=
ol
B
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Yield (%)

sk /
tT TN

2 1 i i 1
10 13 16 18 22 25
Reaction time (hr)

[SNo Eaz, M0.03% 40.066 40.12 ©0.206 |

Fig. 4-5. Cellulase(C-8546)% °]-&3} AlA¥to =
X B water-soluble polysaccharides FEA| &A%
=4 w7k BE &I TR 3% WeE
Z: pH 5.0, 40C).

8

7

Yield (%)
o
T

2 1 1 1 1
10 13 16 19 22 25
Reaction time (hr)

[EVo Enz. M0.03% #0.06% 40.12% ©0.20h |

Fig. 4-6. Cellulase(C-8546)% ©]&&t Alfeto=

tol

2 g water-soluble polysaccharides FE&4A &E4%F
4 weA 7 BE SR FE 5% weE

ZA: pH 5.0, 40C).
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12

Yield (%)

0 1 1 1 1
0 1 2 3 4 5
Concentration of enzyme (%)

LEI% substrate W5% substrate l§

Fig. 4-7. Cellulase(C-8546)% ©¢] &%t Alguto 2
BB water-soluble polysaccharides F&A] 713 ¥
Y §4F5d & & (W327: pH 5.0, 40T,
24hr),

Yield (%)
IS
T

5 10 5 20 25
Reaction time (hr)

[Gho Enz, w013 A1.08  &3.08 e5.0% |

Fig. 4-8. 4Y4 Cellulase(Cellulast 15L)E
o] &3} Aba}Er o 2 HE water-soluble
polysaccharides FZA] Zawxd 2gA7H
o @& £& (V]

5.0, 40C, 24hr).

HAFE: 1%, ¥+8%7A: pH



7—
s_e—————h____:é;/‘/
AS_
=
- 4
©
= 5L
2_. — — —u
a8 = 5]
Lk
0 L 1 1
5 10 15 20 25

Reaction time (hr)

[GNo Enz. mo.13  #1.08 - &3.0% @508 [

Fig. 4-9. 249-%¢ Cellulase(Cellulast 1.5L)E
o] &3t  AlzEtoz=RE]  water-soluble
polysaccharides F&Al E4&FEYE ¥H3AI3L
Jd W& F#&(FAFE 5% WwEEA: pH

5.0, 40, 24hr).

Yield (%)
o
T

Z 1 1 1 i
10 13 16 18 22 25
Reaction time (hr)

[Erc Enz. wo0.03%  40.06% 40.12%  ©0.208 |
oo

Fig. 4-10. Cellulase(C-8546)& ©]-&3%t4 w4
O 2 HBE water-soluble polysaccharides %
A BAFEE ALY wE FE(Y F

% 1%; ¥g-x7: pH 50, 40T).
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2 1 1 1 1
10 13 16 18 22 25
Reaction time (hr)

[@vc =nz. w003z a0.057  a0.122  e0.208 |}

Fig. 4-11. Cellulase(C-8546)E& o]&3l uld
22-‘?—13 water—soluble polysaccharides &
Al EAFEE A E (MY

E: 3%; W82 A: pH 50, 407C).

off i

Yield (%)
w
T

2 1 1 1 L
10 13 16 19 22 25
Reaction time (hr)

[@lo Enz. ®0.038  40.05%  40.12%  ©0.20% I

Fig. 4-12. Cellulase(C-8546)E o]-&3}] m &

© 2 BH water-soluble polysaccharides 3

Cﬁ( nﬂw

}4 BhEEE P-%}»A]:7}-oﬂ [[} = ,)~ o ] gﬁ

& 5%; jkg-Z7: pH 5.0, 40T).
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PO o

Yield (%)
o
T

-

1 1
0 1 2 3
Concentration of enzyme (%)

=3 N
|
T (ul

IEI% substrate W5% substrateE

Fig. 4-13. Cellulase(C-8546)& ©]-&3t4 =g
© 2 HE water-soluble polysaccharides F%
A JRAFEE BEa%EY wWE FElEx

ZA: pH 5.0, 40T, 24hr).

a3 4-10904 412 Y ¥ES 44 1%, 3% 2 5%A
cellulase(C-8546)2 o] &8t} wld o = BE water-soluble polysaccharides 3
2A §2%5Y BSAZY ©BE F&(W$EA: pH 50, 40T)E HEd A
olty, AAH oz AvEd wAde AL AdEe Aese €8 cellulase
o 9% mAA Add JHAME F44 dBHE EXHez FEIPE =
g% zlo 2 YEg.

28 4-132 pH 50, 40T, 24hre} w2 AsNAM BEAVF LFEYL W 7]
Axcy F2FEd ©E F& 534S Jed Aoy gy Aede 1
=9 cellulase® A= WSPE aAH o2 F&387] o8¢ o2 UE
siot
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4. Hemicellulase®] 483} &3}

q71ME A& AEHY Fo Baate 3¢ hemicellulase 282 AlE
gt Apta m|Qo 2 RE Y] F84 TR FF AWE HESHYY 4F
o] AF2HE 2% F H-2125v= Al9F8 hemicellulase =4 hemicellulase activity
7} 0.026 units/mg solid®]3L cellulase activity”} 0.027 units/mg solide]t}. 3+
H, Pectinex Ultra SP-L& JYU8& HAZA pectinase, hemicellulase %
cellulase® H31 e ELEA 97H 26000 PG/mlolth.
1% 4-14% hemicellulase(H-2125)& ©]&3te] Algjutoz iy S84 o
2 712exE EadEd wE $&Wg27: pH 5.0, 40T, 24hr)
< YveRd zlolth 29 4-159014 4-17& #AZ 71" 1%, 3% 2 5% tsiA
48 hemicellulase (Pectinex Ultra SP-L)E X #3lg& o w&AzbE &
2= B AtFHe 2 RE e WSP 4&(¥HgZ3: pH 50, 40C)< el
Rolth. 712dF% ¢ EAFEo] BE WSP &9 ZF2 cellulaseE AT
Aot FARIY F£9 =77} cellulaseE X3 A$d vls) e o=z
setE e}, o] e AFAE hemicellulaseol cellulase AES 48 3§31 Q)
7] EQ RAE #FoEY. wHA, Axy $£83E 9= hemicellulase
AR cellulase A7} B4 HQA Aoz Fudn
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10 =

Yield (%)
e
T

0 L 1 ] L
0 1 2
Concentration of enzyme (%)

-
w

ral% substrate W5% substrateg

Fig. 4-14. Hemicellulase(H-2125)& ©]&3}4
Abdteke A water-soluble polysaccharides 3
71AxEd 425 °OE2 S80S

2A: pH 5.0, 40T, 24hr).

A

PP}

PN

Yield (%)
e (o] (o2 -~
T T T T

w
T

1 2 3 4 5
Concentration of enzyme (%)

[Earter 18 hr WAfter 24 br |

]
o

Fig. 4-15. A#Y$% Hemicellulase(Pectinex
Ultra SP-L)E& ©°]&3t] Atfgo=iy
water-soluble polysaccharides F&A] A
7 EhERd mE FeClEEE 1% v

$Z71: pH 50, 40C).
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Yield (%)
o
T

2 i 1 I,
[ i 2 3 4 5
Concentration of enzyme (%)

[Eafter 18 v wafter 24 b |

Fig. 4-16. “494% Hemicellulase(Pectinex
Ultra SP-L)E o}&3t9q Algdozyig
water-soluble polysaccharides F&A] HhH-g-A]
7Hd BawEd wWE FEUIFETE: 3% 4

+&7: pH 5.0, 40C).

W

Yield (%)

@

Concentration of enzyme (%)

18After i3 hr WAfter 24 hrE

Fig. 4-17. 4%¥-8 Hemicellulase(Pectinex
Ultra SP-L)E& ¢]§3}e] Alglute 2 ¥

water-soluble polysaccharides F&A] ¥F-&A]

i

d EawEd mE R0 AFE: 5%; ¥
=

Z2: pH 5.0, 40C).

o,
5]
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12

10 |

Yield-(%)
3
T

i 1 1

0 1 2 3 4 5
Concentration of enzyme (%)

IEI% substrate W5% substrateE

Fig. 4-18. Hemicellulase(IHH-2125)% ©]-&3t<

ngd o 2 2E water-soluble polysaccharides

22 7|3%EE FAa2FEd wE FE0%
2Z4

7: pH 5.0, 40C, 24hr).

Yield (%)
o » ~ ©
T T T

-
T

w
|

1 1 i

1 2 3 4 5
Concentration of enzyme (%)

~
=3

rEAfter 18 hr mAfter 24 hrE

Fig. 4-19. #Y$ Hemicellulase(Pectinex
Ultra SP-L)E ol&3lyq wHYgezi
water-soluble polysaccharides F&A] {H-§A|
7248 FawREd B2 FECUIEATE: 1% ®
2=27: pH 5.0, 40C).

—92



2 1 i 1
0 1 2 3 4 5
Concentration of enzyme (%)

[2after 18 br wafter 24 hr b

Fig. 4-20. #9% Hemicellulase(Pectinex
Ultra SP-L)E  °]&3t9 wHo=rRH
water-soluble polysaccharides F&A] %¥H-3-A|
e FaErd wE FEUIEFE 3%;
&7 pH 5.0, 40C).

8

7

@
T

Yield (%)
o
T

Concentration of enzyme (%)

[Baster 18 nr matter 2t hr

Fig. 4-21. 4494 Hemicellulase(Pectinex
Ultra SP-L)E& o] &3e] wHgozry
water-soluble polysaccharides &2 #hg-A]
7 BhErd WE FEUIAFE: 5%; ¥

&z pH 5.0, 407).
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2% 4-182 hemicellulase(H-2125)& ©]-&3td mHo 28y &4 0T
F FEN VAT EE 2avsd wWE £E(d3x3: pH 50, 40T, 24hr)E
Uepd Rolth ¥ 4-1990A 4-21& Z+7 7]12 1%, 3% % 5% tiEiA &
¥4 hemicellulase (Pectinex Ultra SP-L)& A 28tQ-& o w$A7E &
TR g o2 RE e WSP #&(¥-8Z7: pH 50, 40T)& e
ojtt. Hlg9 Hfole VIdFxE H ELERd @E WSP #&€9 4
cellulase® @& 349 FAFSA hemicellulased] 9% F& &37}
UelgA gsith ek, uge] AExy E37e A Feos
Aoz god

©
oo
o b

K
1o

5. Glucosidase®] &3 &3}

18 4-22% B-glucosidase(G-0395)E A3l Almputo 2 2g £84 o
SA] ¥hgAZ ) 2 FERHEER 05%; EATE: 10%; ¥e-Z
A
2

T F
A: pH 55, 40C)& Jebd Aolth ¥rgA|7to] 36X AA3IYS = o)
€& Bolgrt Zidle AFS BT 974 A F£&& 832%th
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Yield (%)

0 1 1 1 1 1 1
10 20 30 40 50 60 70 80
Reaction time (hr)

apH 55, 200 b

Fig. 4-22. B-glucosidase(G-0395)5 o°]&3}d
Abzpebol| A water—-soluble polysaccharides &
ZA gAY whE F& (AR E R 05%,;

FAFE: 10%; ¥&x7: pH 55, 40T).

2 cellulase @ hemicellulase # €]o] <] 3]

O3HFe #2348 A o A$- v s

o] AAEY B¢

s AE B9 oA Be uke} o] tdFe BLE0] £
Zaaes

¥ 4-2¢} 4-3, 128l 19 4-23
,]
Q

Ao 2R FEH F8

e 2
o
ol
et
BN
Y

wtebA]) cellulase®t hemicellulaseE ©]4-3l9 €& F&5 1z = 2S¢

FEEA dAsA B H ok = AL & F Arh
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Table 4-2. The purity and anhydrogalacturonic acid (AGA) and neutral
sugar contents of water soluble polysaccharides extracted from apple

pomace

AG Neut
Pusity (%) A eutral Sugar

| (ng/ml)  (mg/nt)
Acid Treatment 84.6 0.92 0.59
' Cellulase 685 075 060
Enzymenme
Treatt
Hemicellulase 63.3 0.65 0.52

Table 4-3. The intrinsic viscosity and molecular weight of water soluble

polysaccharides extracted from apple pomace

Intrinsic
Molacular Weight
Viscosity(mé/g) olacuiar Weig

Control 1.48 7.20x10°
Acid Treatment 0.32 1.03x10"

Cellulase 0.25 7.56x10°
Enzyme .
Treatment 5

Hemicellulase 0.28 8.94%10
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Concentration (mg/mL)

Concentration (mg/mL)

B AGA & Neutral sugar

20 40 80 " 80 100 120

Fraction number
(a) Acid
2
B AGA o Neutral sugar
1.5 F

Fig.

Fraction number

(b) Cellulase

4-23. Ion echange chromatography of

water—soluble polysaccharides.
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B AGA o Neutral sugar

Concentration (mg/mL)}

0 20 40 60 80 100 120
Fraction number

(¢) Hemicellulase

Fig. 4-23. (continued)

A4d Qo 2 AE

AgNA HE AEyoeRyg UdIHFE Adste A9 diAf Aol &
28 n2dA ALt 33E HPyel FE ojFo g o HFHH
Ay e F83 AAdE T&FH, 84 HEd e 24, 87
wa ged gaduie gey, Aaniae B 53 2L g& TAHES
ob7|A1A gth B AFdME & 715E ol &5t Atd R m9 e Axy
43 g dgsiM A7 AH

2 AFgME 229 cellulase, 239 hemicellulase, 159 B-glucosidase,

1% 9] exo-polygalacturonase® AH&3te] 959 AAE 99, &%, pH, &
AzH AR 29 TR wE £43 Z3E BASGEY b, 349 FF
9 A7 A4 waa F£L£9 Aolst WS A HEgen, ££& HU=

e AR 2xAY =3E FEY 5 A
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1€ 33 Agd & AFHtesRy F£E4 UIHFE FEIAUE

e} F&e A 2P wmEtA 2 2o]E Ho pH 18, 60°CY =

293%(FAAE A Hx At FF 7]1¥), pH 1.8, &°Ce =M= 6.82%

E UEsh. E424 A4 g3 FERE de =34 #E 8 A7t

HS 2A vegen, ¥3% Ay 23d0ME 1075%9 FE&€ 2 F A

At olsh 2 843 Wid % F&e 7IEY AA g% &5 &
71E
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A 5 & EXO-PcE 0[St HE F=

A1d A &

MNES galacturonic acid$} methanol® FAELE 3te TUFHEA, A&
z7¢ Aol FEAA ARG T, Hele ABATY JAY FES
aASAY MEDS AY, 2F9 BFE, ¢/E 2 F2A Bl 9¥e nR
O® smeEe Eqe HAz wudel AFA AstA, FAA, FFA T
2 olgEm, =F ook HFE o) 9y o gHA 4. Azde 3%
24 Zo2HE As 523, AUOAAZMY 2154 Fo] Baso] I AHE
Fo| A& Zvpetm A

sele Aol LrlE HE T3 4FozRH FAHoOR & F 3
on, AgHozE FEFFY AAolY Apite] mee 4 &9
Hed wae Agstn o ey 4xE wHe BeEe geed

g g X

tlo
_>‘J_r‘
A
o
rr

g &% Zo] 7154 AN AN7E FAANIH 2 £ o}7)
e 5o &AL Xz Uth olEd S@HEL By 9% Wwges
hemicellulase, cellulase 59 A4S o]&&d Helg FE3E A7V B1H
ﬁﬂ_(BZ)

EPGE protopectinase®] ¥ZE© 24 protopectin® 2FE pecting &3}
o 229 RHujo] #Fosle nAEN EF vAE ¥l ZA B3 EPG
= cellulosest 29 Helo FAHF ZAEE #3844, homogalacturonan
REe $HBRC EPGE AEAQ AFLAN Y FAXHDT, JEAE
o] protoplast A4 Zo] 2842 JHgn BuHEHPeH, 1 F84L F
=718tz ok A HEe MEYL celluloset} hemicellulosed] ol 2E|
=2 A%315 0] protopectin®] FEl 2 EAn glom, Atgte] £A4 wet dF
7} 7444 pectin®. 8 A3 E T EPGE protopecting A 7te&3fst, BEF
o EERE diF gio] 753EE He FZ&d ul$ anHolz ridAEn

Wt
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uatd, B dpoAlE EPGEE 54F o|&3td E4v JIXT Y AE
AEwe Ay 430 g3 DEQ, 15 HD YA71¢E Agstnzt
Rhizopus sp.ol4 448 EPGVE ol&3ta Alute] Hel & ang ¥4
stgen, &9 Age E4& =AY

A2d AFE L Uy
1. 28As

B AFN AMEE Az Al 39 AFRSFESF AT RARE THT
ABSFZHANAN AT RA2E hammer mill2 #2319 80 meshHE F3%
NA 10T AFIEA AP AMEEHAT. AFl  o]&%
exo-polygalacturonasex Yakult Honsha(Tokyo, Japan)ell Al #1381, alcohol
oxidase(EC 1.1.3.13)= Sigma Chemical Co. (St Louis, Mo. US.A)A +9
&) ALgslth 2 9 JE AGEL 5FF oS AHSEET

42}

2. AM#uto 2 BE] Water-Alcohol Insoluble Pectin(tWAIP)S] A=

AFEH10 g)& FHF4(20 mL)d E8F F ok 7](AM-T, Nihonseiki
Kaisha LTD, Japan)& ol&3te] 30&3t, 234 EHA At#urg ZA vhajst
4. 9FA(Whatman 2)E Atgute] wpE& A=l ¥, I d3E9)
ethanol(20 mL)& 7}8te] 2082 743t olRAE oA QA F 1 o3
B9 ethanol(20 mL)& 718t W o oA F AAEL FEIAZAAAM
WAIPE 23t
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3. WAIPZ%-E Acid Soluble Pectin(ASP)&] A=z

WAIP 2 gofl 0.05 Me] HCI 100 mLE &7} ¥ 60CollA 3023 7143}
Aot ¥% A4 &< 7|(Hitachi, 20PR-502, Japan)olA] 10500x g, 2087 Q4
T F ARAZE qFH5}n AFH o) | M NaOHE d7bste] &9 pHE
458 ZH3Hrh o] §A9 acetoneFo] 70%7F H=E HrIsle 19,000% gdl
A 1087 SAEESEY FEFHog AAES acetonel.Z RS F 527
ZA

4. WAIPZXE Enzyme Soluble Pectin(ESP)9] #|=Z

20 mM¢9] 7} buffer 100 mL(pH 3.0, citrate buffer; pH 4.0, acetate buffer;
pH 50, acetate buffer; pH 6.0, sodium phosphate buffer, pH 7.0, sodium
phosphate buffer; pH 8.0, Tris buffer; pH 9.0, glycine buffer)e] WAIP 1 g
o Ea ABEE AZE F AI(HB-201 SPAA 229 AE 2EEy
100 rpmoll A ¥ESAIZH T viFe] B F 10500 gl A 1087 Y4B Y
o AEAE ARAE 4HF F 100TAA 1027 71488 ¥, acetoneZo)
70%7F 2 W7R] & AowA MG 2% 19,000X gl A 1087 QA8
g A FFHE(enzyme soluble pectin)g acetone®. 2 A& & ZAAZ| 0

AZAN AL (Fig. 1).

X
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Mix WAIP and enzyme in 100 ml of buffer

!
Incubate mixture under several conditions
l
Centrifuge at 10,500X g for 10 min
l
Filteration
!
Heat the supernatants at 100C for 10min
!
Add acetone to 70% concentration with stirring
1
Centrifuge at 19,000X g for 10 min
!
Wash precipitates with acetone
l

Freezing dry

Fig. 5-1. Extraction process of enzyme-soluble pectin(ESP) from water

alcohol insoluble pectin(WAIP).
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5 HeE9 & 2 methoxyldF 3

Hee] £x¥+ £ I8 galacturonic acid® m-hydroxydiphenyl 22
zx35e] 239 galacturonic acid¥-2 A B %] td WELZ Vehht?,
001%(w/me HE &9 05 mLE & AANA 58 T A8 H FAS
L2 3t TE 00125 M9 sodium tetraborate 3 mLE H7Isle] EFAIA
o 2 F 100CAA 587 ®olm UM gAl B AACA 587 43n
05%(w/v) sodiumhydroxidee] =9 0.15%(w/v) m-hydroxydiphenylE& 0.05
mLE F7tstn & TS F 0% Fol 520 nmolA FRE=E FAHIIT. B
ZE3L 0.001 ~ 0.010% galacturonic acidE AM&-3}ch

#H e o] methoxyl#d %2 0001 ~ 0.010% methanol& EZEI2 ALY
%229 galacturonic acidl®] carboxylZl®) ol2H 23 ARE Klavonds &
Benettd] oz Z3stgth % H9 3 mgg FHS 5 mLol %A F 10
N potassium hydroxide €98 5 mLE 75t A2oA 3083 FAAZ
¥, 5%(v/v) o-phosphoric acidE °©]&3te] &de] pHE 752 & ¥ A
gdo] 20 mL7t E AL 50 mM potassium phosphate buffer(pH 75)8 #H7}
39 stock solutiong AZE3Ach Stock solution & 1 mLE FH3td 1
unit/mL®] alcohol oxidase® 50 mM potassium phosphate buffer(pH 7.5)l
2827 &9 1 mLE H7E & 25T 1087 v2-417)32, 20 M ammonium
acetate$t 0.05 M acetic acidel £3]% 0.02 M pentan-2,4-dione® < 2 mLE&
A7rsta F EFE F 60CA 1587 E4E st A4 43 H 412

nmol A FFEE FAH T

N
(U}
o
Ae
2
of
ro
&
Ho
)
b
fiu
e
a
>,
(4]
8
el
1
m
o
I
o
s}
i
fr
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Cannon-Fenske capillary viscometerE o] 83t SA s dF ] A S
FHF 23 F20A4 1A sk & o]& 045 pm Millipore filterdi] Al
o373t 10 mLe €98 Cannon-Fenske 2AHEH(size 50)o) ¥ 25+
0.1CAM A=E ZA3AS

B] 3 X (specific viscosity: Msp)9b I/ E(instrinsic viscosity: [MDe 244
oS 4& o]&dtd ZAF3A.
(M-7s)/Ms

Tl Sp
[n]

i

G714 12 &949 AR 1= §9Y FE, Ce £499 Fxolt. #HuE
2% ol 7 TRAAEE B2 Mark-Houwink 4o) Hgstel A
S}t |

[ = 216 x 107°M*"

2 M = (4630 x [q])'*®

A3d A3 2 nF
1. Ao 2¥H WAPY AZ % ASPY Az

£ A7 o188 A=z AFute 38y RS FE 114%, =992
3.7%, ZAW 45%, J¥ 1.8%, &F3E 709% (FAF 383%, 24t 27.4%,
HE 52%) olsith Aoz RE AL E o83y HYE F3E3}7) 93ty
284 ¥He8S 353 WAIPE A 23YT. Table 5-1¢] @A 2588 X
A uke} o] Abapub Age) o 325%7F WAIPE 3= A &8, Hlo]
s 223 AYg 7129 A3 Wi 9§ HA™ wm E437] Y8y
Atete] B84 HEq WAIPY A& s £84 HE
ok 8%9) HE £& Fgo| ey

fljo
"
e
o
iin)
:E
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Table 5-1. Galacturonic acid content on each steps for WAIP preparation

process.

Step Total g.alacturonic Vield(%)

acid (g)
Apple pomace 6.767 100.0
Distilled water washing” 1.600 23.6
EtOH boiling” 0.374 55
EtOH washing” 0.398 5.9
Acetone Washingl) ‘ 0.062 0.9
WAIP 2.199 32.5

D Filtered ligids after each filteration were used samples.

2. WAIPZXE] ESP(enzyme soluble pectin)®] A%

4

=

EPGE UE YakultAlollA Iaisli v HEE E4AZA, galacturonic
acide] Tore)d ZzEHES Biste &S 3t o] E4E HE XFHY
Axde] EAte TS RISty HEAZE dAESHSGE 71Tl
e A8 7149 AF dre s1Fd )88 5+ AF

At 28 EPGY 9% HE® F&9 HF =& T3] Sstd 2A
pHE ®W3A71AAM &4 ¥g& FP3AHFig. 5-2). &4 ¥ =AL 36
T, 40A17re] wrgAZte g nAsT, WH&EA 100 mLel 7124 WAIP 1 g
7 &4 EPG 01 g€ 718l pHTHS WA A 28 784 dde &
Aot o] 23, AN FAHo AFF FEHE HAYY Fol T

pH
74 WAIPY 228%7F 84 Helozr F&Fon 9714 pHE 242

u

i

o

)

-
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Fig. 5-2. Effect of pH on the extraction of pectin from
WAIP by exo-polygalacturonase(EPG) under the condition
of temperature at 36°C, and incubation time of 40 hours.
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Yield(9%

10 1
5 -
O P | 1 L
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Time(h)

Fig. 5-3. Effect of incubation time on the extraction of pectin from WAIP
by exo-polygalacturonase(EPG) under the condition of temperature at 3
6C, and incubation pH at 7.

B WE Azt 9FE AEY] fiske pHE 72 nASty 2 99 %

AL Fig. 5-29% 2ol sHAA WA WHAA EPGY #W 3% ojg
BFe FNAATHTig. 5-3). HgA] FAGEA F2H: Aue) =

F7Fstel 60417 WhS-ol A 281%E 7HE FEEo] Tgrow, I o]ide A

M FasAh ol FFE o] EPGY 9dle] REHoz E&H
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Fig. 5-4. Effect of incubation temperature on the extraction of
pectin from WAIP by exo-polygalacturonase(EPG) under the
condition of incubation time of 60 hours at pH 7.

B2k wE EPGY 4FE 2AE] Y8t wEAEE 60472,

i

g pHE 7002 1R8I 1 99 =& Fig. 529 Zo] 94, &&

£¢ FATAY(Fig. 5-4). E AFNA 2AF 30T
dA 70C7AA S 2= HMHAM 2x9 JFL vIH HAow, HTHA
215%2 7% FEEo U £EdE 249 AN F 72 A,
23 Bad WeEET} AXE ALY, o5 ERH A9AE @i £HT
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Yield(%

O I 1 ]
0] 0.05 0.1 0.15 0.2
EPG(g)

Fig. 5-b. Effect of the ratio of EPG to WAIP of lg on the extraction
of pectin under the reaction condition of temperature at 45T,
incubation pH at 7, and incubation time of 60 hours.

WAIP] tigt EPGY AA A7l#HS A7) 9s8kd pH 7, 9-8A17F 60

y 1.0

N7 WS eE BTAN EADE WS WA 257 Nee] e FAFE

- 11—



A7, WAIP 1 gl tiste] 005 g¢ EPG7F 48 dl, & 7145 &49 w7}
201 (w/w)Y o 718 2 £84 Hug I54E 5 AUHFig. 5-5). T,
Hg-gdo)e] nYPE Hlgo] HEY FZ viAE FFE ALY ATt
o 71As 29 BHE 2012 ARFHEAN FEGS @AM 2T 2
(Table 5-2), AF7AA YD vt 2ol w-g&y

1% F7}stn B2E 005% 713HES ® 31.0%9 o

o] E}rt.

=
4
e
18
2
N
o)
4
o

Table 2. Comparison of the vields for the concentration ratio of WAIP and

EPG in enzymatic extraction.

Concentration of Concentration of Yield
WAIP (%) EPG (%) (%)
2.0 0.100 5.0
1.0 0.050 31.0
0.5 0.025 20.8
3. F&¥ 949 =4

I

29 Helo) $EF galacturonic acid FHE FHF AH, A FEE
8 A% BI%ATL BiS B¢ 80.1%E 4 FEEERD €27 2R THTable
5-3). EPGE ©o|43td HYEE &F Fooe Aol £84 HEF

galacturonan F5o] Ad=#Foz e HES {FIYAIER, EFEY

¢
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celluloset hemicellulose?} A F&Ho] £57} 4 U Aoz =3t}
279 Asxto] ¢18tH hemicellulaseS o]-&3t] Al HEL F&39S U
125%9 ¢=8 R¥tn stgeny, o 1

o
de 2ol Hg40] ¥2E & & U

Table 5-3. Comparison of purity, methoxyl content, viscosity on extracted

pectins.
) Methoxyl Intrinsic  Average Molecular
Purity (%) : ) )
___content(%) Viscosity([n]) Weight
ASPY 757 2.44 1.559 7.66x10*
ESP?  80. 6.36 0.430 1.50 X 10°

Y Acid soluble pectin
2 Enzyme soluble pectin obtained by EPG

¥ Molecular weights were calculated from intrinsic viscosity

Y ] galacturonic acid &) NAHZZAFHo] UE methoxylz|= =
"o &8 dis]  9¢FL v oj&EHo g MEle TE galacturonic
acid7} methoxyl”]19 Z@=Ho] QoW 16.32%9) methoxyl FFE e,
o g 7% o] methoxyl &#¢l HAERL I methoxyl T Heloz
EFH AF €8] ol8E8th B A7 A% A FEE9 A 244%9)
methoxyl FFSE UBHIT &4 FE2E9 239 636%=2 o 4% =4 Ug
k. H%9) hemicellulosed] 93] 328 HeE 566%¢] methoxyl T2
UeEtd Ao Hls] B A7 EPGE methoxyl &%) 98¢ o uxhown

i LA
om, 4F S8 W 154 BA AADTY BAN FF 2E2 F

4

- 113 -



B9 EPG/} ohUzh Hih ¥& «E9) EPGE o438 24514 $840) 3
¢ AYe A & gl ol ¥W, $28 FdY LFYSE 59

=<
B EAFE 22 27, A 2 AP 766x10°19 ALE F&9
=

J&.&.

Atgpatol M WAIPS] %2 325%2 FEHAom, 2 AHE F pectin
FEFEL % 8%E YERT. EPG: 2849 protopecting F&3AA
pecting A HaZ HFHZRAA L FE& U F 7] 9EA
EPGE ©|§34 pecting& £
Aok ¥A FHxBE £

E o83 2% Hde 80.1%Z JElwTh X3 methoxyld =
Az} A 22 HEYL 24%, ik FE HEYL 636%E A WEAY

r_vl filo
HU
i

Hay Ex 2229 A% A ISd APz 43¢ AY AHA @
IE 27 ole) FEo EARY AY PIT=E °
2 4F B AHAZA olgol YA

it
rﬂ
i
4
pad
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18
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X
i
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2
X0
rlr

o2 A 23T Ut AoldREA SH2HE AE, BF =
3 £ FaAt2e HAFG ol AASE £49 Fvh aFT o) Y
x4 53, FFE5E FF - AASE 71Tl don AFAYANME B 7}
S4o2 AAY, A%y, 34, B4, 2R, 95884 s e ge =
o2 o7 ZHAZ o8t WolAn gleH, volrt ¢h3tAl, f34gA)

ZA JFE 2 FAE, 58, ARG o]fo] Hm Utk

PAVL S8, T, A-2BYAe) HERHE HAo] AT, ol B
E4& o]&35to] AASA (Acid-Alkali Soluble Alginate), ASA (Alkali Soluble
Alginate), 28132 HWEM (Hot-Water Extractable Material) ¢ <74+
229 v Yok AYPozE Be) Helo] o 2o HHHoE of
H3 gloul, 8 WyEe clgsel YUV AVY B BRL P Y 2
gAHoz dEET Ak

Hehd, B A7dAE 204 224 e 48
% 8709¢ Hansug Aze BLH 23U AT, A2 8-

ZFEY 2 5529 nusg

A 24 AME = el
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1. A8A=s

£ dFAAN ARE Fde ErgeEA AE JHEF SFAEARAA
TYAT 94 Erjge = o o8 AFsteq ¥& AAsta, €F
AZRIIE o83t 60CANA WX A7l ¥ hammer mill2 £33+ 60mesh
AE AT YAE 2ol Aol AL&3IHT

Age| AEE HEAZ exo-polygalacturonase (EPG)E Yakult Honsha
(Tokyo, Japan)ol Al T4t AH&-8 YL, 7IeF AGEL 15FS AHE3HRT

s

i

2. A-4ZHFEHAASA) A% U &

Az Y 5 g€ 0.025% HaS0s4 200 miel] 1417 M3 8L, 1% NazCOs; 200
mlE 7}t 65TAA 5A1 st 7] 1 LY &S A7 & oA
ato, Ao 2879 methanol& 7}3le S -FAAN F FFLF¢ A
3t th ol F YR (B000Xg, 20 min)E 39 AAEFE 995% methanolZ
thA] 43 AR g5l GAEE(B000xg, 20 min)dtz 52 - BuaE Ho

3. E€FFEHHWEMY 9% 4704 F&

a

Azu)Y 5 gol formaldehyde 3.7% 50 mlE 27}t 30TAA FEAHE
WEAZ F FHS 100 mE H7FSE, 100TAA 4R17F <t mksted 4w
Ao APt dF3PE FEEE  FH(overnight)dhal ©hA]  Filter
paper(Toyo No.2)o] o334t RS 1/4 FYE 53 dF HAF5:
7} 80% = A ethanold #H7}sta, AAEZ(3,000xg, 10 min)E 39 28
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gl Exo-PG 50mgd T ¥ #3890 50 mE Aslsto]
5~9, WgAIZH 0~36hre] ZAIA WEAHT e 3
e d5EEUH YA FAHIY 6-1).

EAWS(UY 5 + EA S0mgel $E8 50ml)

!
F5 100 ml H7}

!

100TC 4 hrs APF 3
!

o7 &4 (overnight)
!

o #}(filter paper)
! ‘
oJ3 el 1/4 FZ(rotary evaporator)
!
HZFTFE 80%ZE ethanol@ 7} & A4E2(3,000<g, 10 min)
1
A& ethanol # acetoneZ A H(3,000Xg, 5 min)

!

50C, 1241 A=

Fig. 6-1 d2r|o 25 g Exxyel 98 9 23
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gG714e] £ 223 tdiF9 uronic acid® m-hydroxydiphenyl &2

=23te] Z2AF uronic acidFE A% T BEELEZ YelATH

6. olend AZrlEILH T

A2 25 mgs 10 mL¢ 50 mM sodium acetate buffer(pH 4.5)e] ¥ A
oA 1 A7 B¢ £8A170 F membrane filter(0.45 pm)E d#H3EAT A
Z% 89 4 mLE 50 mM sodium acetate buffer(pH 45)2 %3 2|71 DEAE
Sepharose CL-6B ion exchange column(l5 x 25 cm)ell FY3g F 100 mL<]
50 mM sodium acetate buffer(pH 45)& 0.7 mL/min®] £=2 &3 F4 o
Faz 2234 e, 9L 50 mM - 1.0 M sodium acetate buffer(pH
45)2 432349t T B2¥L 3 mlE 3d9en, phenol-sulfuricy#
m-hydroxydiphenyl'g el ¢}3td ztzt F495 84S SA3AUT

A3d Az %2 1

1L gAY 3

ot

Fig. 6-2% ¥HgAIZe] mE 47048 58S 5T ZAFoin. 24N T
o] EawkgolA 7 FEE0 a

2=
>
e} o] ZAHYLH, o]k BEEE AF Pl B Ee UV £
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Yield(%

Fig. 6-2. EaA A whgAI 7] wWE 7199 &4714te

2. pHY <3

Fig. 6-3& pHell W& 47149 FE58 SA% 2o, wSAIZFE 24
Atez AN, 5= 0TAHA pHE WAy aM =343

AN 74 FEE B A ALY pH 79 FFEAAA} wEsA 9
H

d35 dEle] B4 EPGE HF pHE 709€ € 4 A3l
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£3% pHY $249¢ tg3 Zt pH 5 Acetate buffer ; pH 6, Sodium
phosphate buffer ; pH 7, Potassium phosphate buffer ; pH 8, Tris buffer ;
pH 9, Glycine buffer.

10

8~
26t
S
2 41

2_

O I I ! | |

4 5 6 7 8 9 10

Fig. 6-3. &4k (¥r&x7: 30C, 24hr)oll e pHel J & H 5 Acetate
buffer ; pH 6: Sodium phosphate buffer ; pH 7: Potassium phosphate
buffer ; pH & Tris buffer ; pH 9 Glycine buffer).
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el
el
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#9, njgdd] FHH Ae 204 HRFHFN A FEE AV
H g F5gE Aoy, dFAd AT ¢ HFee 168%4 =
gatgodt, AcxMgA JFEL 773%2 el 5] 4684 HAU
o A-ggEFEH e ¢ JFEL 2227% T

Lo

Table 6-1. 224 e 74

T—-

=

rlt
ik
Ay

Extraction method Yield(%) Purity(%) Pure yield(%)" Recovery(%)?

AASA®Y 20.80 23.57 4.90 22.27
HWEM? 2.40 15.50 0.37 1.68
EPG® 8.14 20.91 1.70 7.73

U Pure yield = Yield X Purity

? Recovery: Ratio of the extracted amount to the maximum amount of alginic acid
® AASA: Acid-alkali Soluble Alginate

Y HWEM: Hot-Water Extractable Material

® EPG: Exo-polygalacturonase

2% 655 Eax R 42T 4§ F5E olend A=zrtEd
£ Ugd Rolth 2PA BE nish o] BAE o]&te] FUNE FE3
= wwo N Bxige] 2 nEds ATL ARFez I F YT & £
Tk ol 2HE & 7 mes ¥ o, EPGE ol&dh Y
ndozRy Exwe 2 9N ARHoT 2EF & e PP oh
AR EE A ARG & e PPew JREH, 4 sA A o
A7 ALY AL F45 FAY £ Y& Ao YA

fqy
I

7

2l



S SR o

: PRy 2
LA S F

(a) extracted by EPG

b
¥

i3

30

Seer Rtiredirg

(b) extracted by acid-alkali

-+- 1 AGA
-o- : Neutral sugar

Fig. 6-5. Ion exchange chromatography of

water-soluble polysaccharides obtained from

seaweed.
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Ald A

HEAER Y] 83 9% O Ade AFHeE AT WEE
o] &3te] AMEHIT e dh, AANY W F£34 F4 #F FHUAM B
71&ol HHFH Y& Wiolth Ty, AAE UEe FAEOE &7 2¢F

fFaste BARoE Q3td HZ MEE 735H AAViee Al

= 53 o9le B ARAY 4FRE 23, 2o, AA, AF 223 39 &
AR BHoz olFolA Ut

B AFGAEe Agute 2Ry Adg 228 W, & 448 E & 2o
ogA WAoo Z AASIY 7B YL sdrsig o)

197 AEe] £AsE 244 Fo] 84 HHoz AFHE #A
297 7184 Ao AR B H3
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olg} e AL WerFe g RIFIHY qSF FT

[P] L [sP] %2 [DP]

o714, [IP]: insoluble pectin (or protopectin)
[SP]: soluble pectin
[DP]: degradation of pectin

o) myg weWRAY S84 2¥oz FANE & 2oh

= =k [IP]—k, [SP]
dIDP] _, [sp]

o714, ky the rate constant for the transformation
of the insoluble pectin into soluble pectin
ky the vate constant for degradation of soluble pectin

287, BAREY 4Ee AL Y 48 AU

[IP ,]=[IP]1+([SP]+[DP]

A7\, [IP ,]: the initial concentration of insoluble pectin

S, 2229 FTEAFS 7 AR TN 98 FI=2E e
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- ZM Wi
M= Z w;
AN, M average molecular weight

M ;: molecular weight of each component
w i mole fraction of each component

s ¥}

2. & JF & =¥

B AFdA ¢EAYIE BERE o&de EYF FF WA F
A screw? configuration oA HHEEEATE AFARE BEAT 2
met g3 2L AAEY T2 ved F YA o W FEL FAHG
A8 Al ZA O gk BEES YERdT

%Y="h(ky, ky)=r(E,)=1.80+0.098E, (R*=0.921)
M= hy(ky, ky)=FE,)=446200 —2140E ,, (R*=0.893)
%AGA=hy(ky, k) =F(E,)=65.1—0.0637E,, (R*=0.865)
A7\, %Y : yield of pectin (%)

M : average moleculayr weight

%AGA : content of anhydrogalacturonic acid (%)

E . : spbecific mechanical input energy (kWh/fon)
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g, FE7ldA vl AN UAE F9 HAEE(screw speed), 989 F
FE(feed rate) @ Y5 o] E&F(moisture content)ell ZAH+= H, o+
2goz Jepd 4 3ot

E,=321.7+0.1276X , —1.586X ;—6.675X ; (R*=0.817)
A7\, E,, : specific mechanical input energy (EWh/ton)
X1 screw speed (rpm)
Xy ¢ feed rate (kglhr)

X3 : moisture content (%)

ot

dst e 25 YL o g Yol @ HUL YU AT
TR AA EE 2T £ 94 =9 22 A AWy @ =24,
Jol o) 44T HUFD BAG BAFE 2E AFS GBS o &5t
#7) AMME 124kWhitonel HIZIANIAE Qstelof 30, o] ) 13.7%
9 522 9 4 Utk ol TE ARE Uyl AAAE PhY TS
WA A% 7hA 2@ e 4 4 flow, 2=2F &5 250mm, LR

F% 40kg/hr, ¥B9 FEIHF HB% FHo] 3 7t He AoE E4H
et

29 7-1904 7-6& 349 FAMS = Aze) +2YF, A= FIE
9 23% 257} 999 4§ 24P 2 AGA ¥ nXE JFe ey
Aclth, 2N BE sk 2o] 349 FAWF FAM Und FRFF
o] A4 2 Aoz ushgth R FRFFo] 252 £ A 2
S Aoz Juged, oldd A4e UEY SETF] BI4Z FE7
qejx BE @edel =y WRolch wekd, Yl o3|
AMAE ol ge FANFY JHL T sok Bt

o
2 -{N'
2

o
2

A
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% =
.05’12“ 125 S
k3] 120 ¥
o 5
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5 1o 8
T 4. — %Y 03
> — MW 5 32
0 ’ - ; r 0

Moisture content (%)

Fig. 7-1. Effect of moisture content on the
vield and molecular weight of pectin at the
screw speed of 300rpm and feed rate of
40kg/hr.
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65

60 +

554

Anhydrogalacturonic acid (%)

50

20 24 28 32 36 40
Moisture content (%)

Fig. 7-2. Effect of moisture content on
the AGA content of pectin at the screw
speed of 300rpm and feed rate of
40kg/hr.
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n o

5 1’z
he] o
T 4. - %y 3
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Fig. 7-3. Effect of feed rate on the yield and
molecular weight of pectin at the screw

speed of 300rpm and moisture content of
30%. ‘
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65

Anhydrogalacturonic acid {%)

60 //___
55
50 . . .

30 35 40 45 50

Feed rate (kg/hr)

Fig. 7-4. Effect of feed rate on the AGA
content of pectin at the screw speed of
300rpm and moisture content of 30%.
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i 20 &
3 5 =4 ~al B
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Fig. 7-5. Effect of screw speed on the yield
and molecular weight of pectin at the feed
rate of 40kg/hr and moisture content of 309.
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Anhydrogalacturonic acid (%)

50 T T T
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Screw speed (rpm)

Fig. 7-6. Effect of screw speed on the
AGA content of pectin at the feed rate
of 40kg/hr and moisture content of 30%.
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Exo-PGZ ©]8% #& 2 HHY wgzaL pH 70, 65CE B4
gow, WAz g ARy 531, 738 Ao EaAW 4¥A BIY
Fe Ted mPem
$4 HU(WAP)S FA6] e MEee yepar,

% Y=100- k l(exp( kt) —exp(—kyP)

%D=1001+ ——555 Z ks - exp(—£k t)+k—k—k—1-exp(—k2t))
k,1=0.0114
ky=0.0243
A71X, %Y : vield of pectin (%)
%D : degradation of the extracted pectin (%)
k. : the vate constant for the transformation

of the insoluble pectin into soluble pectin (1/hv)
ky : the vate constant for degradation of soluble pectin (1/hr)

B2} 2o Aygd] U 28 Ued Aotk AW £ WA

AHE AEA EF9 LR 265%° g3 Bt A9 HAdS 47 S

e weAZE BETE e Ag T 5 Yok WAl 0 AR
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Fig. 7-7. Predicted yield and degradation of pectin.
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Fig. 7-8. #98€ A= T4,

n ==

4z E= maAcd o AEAEHe 438 & glon gAzRAL

% ARe) FRE 237 A% Solth aded 98 249 Fa TH
WSt 83899 pH, WL E, WA Soln
@) %2

F23E FEAL dAEGY dF 98 B4 EAE AASY. £,
aFtg oAy FAL JIES AHEEA AAT £ o, R A= A
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(3) dzHz3x =4

=23 Hee AT g2sE Y5ty d2Hz2d=(DEE AP DEE
Fg A EE gz Ao 93, =& pectinesteraseE ©]-§3 EAF R
o3 DEE 3% + Ut

(4) A=A

£2739¢ 18T 5+ Atk LEAREE AVANA B3 ARL A
]

2 k
copper EE aluminumg 71g Z¢ H® BAUR Fol2d 3 &FH

A28 A 498 olgshe Pyt

rir

AAY ADe ATAZY T 2opq 229 ADe AL £ A

2. AF mF:3
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T%E 71F02 WEAY o] 7RT; & HEE 21
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%
sHEAs e A%y 4o EAGNA AYEA Atold 2FE F3Y 3
3

A Fxo IETFZRE ZAToZA AL FAIT AILN 2L

Xﬂ“ﬂ%"a‘ﬁ—‘l Be g AR=EL7Y FHE A3 ot Fol2He
ole AT ot AL FASY wWE 4=y n¥E o FFE AA
WA ge.

3 Hee] B2 3 AUEE FHSe PHS AT & Y
Z pvEA=EEY APREE 150SAGeIth HEe A ¥4 FHL 1g9 Id
o] pH 32014 drlerEe] A=st A3t 65%9
=9 AE AP FAA 4 =Y, 1g9 H™o] % & =
& ZFEANJE AYE 150g9] dugy A FAPIAGE o HHY FHL
150SAGelth dutdo g Hee §Fo| E&FE HAdY FHo] ¥
#9, AELAE0E A8E HE dextrose T saccharose® T3S

WYy sEe 22T 4 Aok

Ed) 93] At Ry $£44 dPFRE FEI}IA T o, &% F
Ao 2zzAd BadA ZA @FAE ReE Yehd v, ¥4 R

g 9% AA%e aRAes YY) A%l IR
HUAGSME He 4848 TR 4¢ 2 JIEATY S5y 2de
49 718717t 247 009587 21408 7HAE 1

om oW S& E¥ ZAAASFE 0921, FFEAF I Z2H
089322 JEehgrth 38, Hee gxok BHe| = F

B8 S8 28 -006379 71€71& AT 1A F5Pe2 BAE 5 3

o
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