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Abstract

Exo-polygalacturonase (EPG) from Rhizopus sp. was applied to the extraction of pectin from pear pomace
because EPG produces pectin by solubilizing protopectin. The content of total galacturonic acid in water-alcohol
insoluble pectin (WAIP) was determined as 34.6%. Pear pomace was solubilized by using EPG, with regarding
reaction pH, temperature, time and ratio of enzyme to substrate in order to find optimum condition. While the
yield by an acidic treatment was 6.2%, the maximum yield by an enzymatic treatment was 23.4% under the
extraction condition of pH 7.8, 60°C, 36 hr and 1/10 of enzyme/substrate. At this condition, the purity and
methoxyl content of enzyme-extracted pectin were, respectively, 34.7% and 0.7%, while those of acid-extracted
pectin were, respectively, 71.1% and 5.0%. Meanwhile, the average molecular weight of pectin extracted by
the enzymatic method was 2.5 10° while that of acid-solubilized pectin was 8.4 10°,
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Exo-polygalacturonase (EPGY:= protopectinase®] A&
o2 M B84 T2 RAY F o1 44F 02 S
galacturonic acid AF&oll 2H83le] £4A M S W&
g, A g2 Folo Hojsh= v EH Bk v E
o wo] SAFHND, EPGE cellulose®t 2§ #H™
o] A} BAARES 38}, homogalacturonan -
S F e EPGE A EA AFAaA ] g o
M) E 8061 AL B Z.2] protoplast A AH'Y, H® A
ol $848 JMca RaEgler, 0 F842
Az} ZFrbsha glet apebA, B 7oA EPGe}
= EA4E ol 4sted BAvE /MR Qlis HEAIEH Y
Ae 2 4-3lo] o8k =He] YAZ| &S sPEsty] Sl
of wiute] Wwl £ 35 BM O EA4E IS
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B oA AMg-E A2 ek e Al
Lol A Algake R 7.0%, A 32%, 24
H} 7.0%, B2 2.2%, F 58.3%74 & Analytical miller
(IKA-Labortechnik, Germany)&. H#-3§3}o 80 meshH| &
EHAA £CAN A Aol ARgalde Ad
of] o] &8} exo-polygalacturonase(21,000 Units/gyt= Yakult
Honsha(Tokyo, Japanyell Al 78] 2L, alcohel oxidase(EC
1.1.3.13)= Sigma Chemical Co.(St Louis, MO. U.S.A)l
A Tk AT 2 9 7Ie} AlGEe EFE
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Water-Alcohol Insoluble Pectin(WAIP) & H|Z©®"®

wijuto 2 HE] B4 wi= Abe] ApgRto FEY 4
e #Aee] F& FAE] S8l &3 4F 7HEA
Hel-g &) A8l water-alcohol insoluble pectin(WAIPYS-
Al zale] A 2 ARZ o3l A wiuks
280 £33 ¥ v 7] (AM-T, Nihonseiki Kaisha
LTD, Japan)E- o|-§-3te] wju}-& 24 wis st o2
Z 2 wiake] w2 Aepd F, 1 oJ2Eel] ethanol
& 7}3te] 2087 A, ol A S vAl A F
71 oj2HE-ol| ethanolS 713te] ghil o i3}k, HF
Aoz 71 oJ3Eo acetoned 713ted AT F A
HAZAIAM WAIPE A9t WAIP F&4] 7+ <AE
29 w=laks 2457 $381e] carbazol MRS
o] 8-8}¢d & galacturonic acidZ &7 3}o] wiul Ysak
of Wt W &2 AN

Enzyme Soluble Pectin(ESP) & X|=6®

20 mM2] 7z} buffer 100 mL(pH 3.0, citrate buffer; pH
4.0, acetate buffer; pH 5.0, acetate buffer; pH 6.0, so-
dium phosphate buffer; pH 7.0, sodium phosphate buffer;
pH 7.8, sodium phosphate buffer; pH 8.2, Tris buffer;
pH 9.0, glycine buffer)ol] WAIP | p2} B4 0.1 g& &
7kak & ub$7)(HB-201 SF)ellA] =2} A|7HE ¢
atod wkSAIg e HhEe] B F dAEelEte] 4
oA A=A 2 A7 F 1087} 718k acetoneFF o)
70%7F & w7kA) 3 oA Hohsdoh 2 F 10
2 A4 32)A)AH 3 H-E(enzyme soluble pectinyS &
ARz M AE2AAT A 5 282 71d ot
ol it % HpS W rg2 gAY 77
Z7Joll M Eawk 7 FAIEE A8k acetone A
T EAE Sl A4 AAEE FE2d A
A Zsted F2&& A

Acid Soluble Pectin(ASP) 2| XMjE©®

WAIP 2 gell 0.05 M8} HCI 100 ml-& 37} ¥ 60°C
oAl 3087k 7rdstgnt. ¥E 4¥2)7] (Hitachi,
20PR-502, Japan)oll A 41 ¥-2]8l ¥ A2 33}
T «ofel] | M NaOHE H7}sle] £42] pHE 4.5
2 z2Askgc} o] gV acetone®e] 70%7F E w7}
2] 2 A.emA] Hrpek 3 1087 AEe] sl F
A3 JANEE FAAFAA ASPE el
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Helo] £ FF Helo] galacturonic acidE m-
hydroxydipheny *" 2.8 2 sle] %43 galacturonic
acid F& A& ool Wit WE-&2 epligie. 001
%wv)2] HE gl 0.5 mLE Yl 5E F]E A
3 5 FAkE EujE Fle] THE 125 mM ] sodium
tetraborate 3 mLE H713le] EFAIFAH 1 F 100°C
o A SEZF Folal A ThA] el A 5EZF A3 1,
0.5%(w/v) sodium hydroxideoll 54l 0.15%(w/v) m-
hydroxydiphenyl-& 0.05 mL 3 7}3ke] 2 &3H8 5 20
F Fo 520 nmol M FFEE FAH IS BEFEA
£ 0.001~0.010% galacturonic acidE AH&3H

Hel2) methoxyl TS 0.001~0.010% methanol &
EFEAE A4-8le] 3225 palacturonic acid W2 car-
boxyl7] 8] o AH| 23} A LE Klavons & Bennett] *?
o2 z4sigc £% A9 3 mgs FHS 5 mLell
9] ¥ 1.0 N potassium hydroxide #-24& 5 mL H7}
Bpal Aleo A 3087 AA A7 F. 5%(v/v) o-phos-
phoric acidE o] 4-8le] £ 9] pHE 752 W& H A
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#H o] 20 mL7} HAHE 50 mM potassium pho-
sphate buffer(pH 7.5Y8 37}l stock solutions A&
&9}, Stock solution % | mLE #3ted 1 univmL®]
alcohol oxidase & 50 mM potassium phosphate buffer
(pH 7.5) 4814171 & 1 mLE 718k F 25°C, 15
B7F ¥F8-A17]13, 2.0 M ammonium acetate®} 0.05 M
acetic acidel] -§-31 % 0.02 M pentan-2 4-dione£-¢} 2 mL
E A7BIT A& &8 FH 60rCel A 1587 dXEE
313l Al A A3 F 412 nmel M FREE SAH Y

#Helo] B-z}8k-& Cannon-Fenske capillary viscometer
£ o] &3l ZAsieich. dA e H g SR ¢
I Aol A 1A ZREEE #, ©] & 0.45 um membrane
filterel] A} o4 2}3kef 10 mLe] 442 Cannon-Fenske =
A 2 (size 50)°] R 2510.1°CHlAH H=E &
st

¥ X (specific viscosity: m,,) 2k 3113 X (instrinsic

viscosity: [N]) 42 o A& o] -&3te] AAF

N, = M-ny/m;

[n] = lim 1,/C

A71M n e A=, nE &7 Hx, C= &
f2] Fxo|ct A= ErleL $ol|M T AfAHE
Z -89 Mark-Houwink® Alell dj 9)8}ed A Alsldct,

Ml = 2.16X 10 M*™

2___11_’ M = (4,630)([“])]'2658
@2 % a@

Water-Alcoho! Insoluble PectintWAIP) 2| M THA|
4 54

Table 1o SAE 282 FA18 vt} o] win}
o} £a¥= 3 galacturonic acid®] oF-S- HA wiat F
54%F AAEH £ AFF 95l 339 WAIPA &=
34.6%% 3 ASE Vel W oke] dele] wy
dho] EAsl= AR A7l g, WAIPAHE 3
A F 84 9 4T S8 A" A wietbe
18.6%Z. Al 22 A& oFe] FEFHY} A= Ak}
w9l 2HEF A 30% nigke] #HeCx vl ws) B
of Sel 3o oigt B2 A wiute] ALE 75 e
o & ALz 7

HS X718 ESP(enzyme soluble pectin) &} F&&
EPGE Al E 249 M XHo] EAsl: T2 ey
4 Bzt A BMEE h E2}al= 7500w

Table 1. Galacturonic acid content on each steps for
water-alcohol insoluble pectin (WAIP) preparation pro-

cess (%)
Step Galacturonic acid
Pear pomace” 54.0
D.W. washing® 59
EtOH boiling? 6.3
FtOH washing” 5.9
Acetone washing” 0.5
WAIP" 34.6

PSolid was used as sample.
YFiltered liquids after each filtration were used as samples.

A A% 7199) A E 4=} 73l o]4g 4 alew,
Apziulo 2 M| wlelS i A gyl Has}
el FHal=giet

ufuo 2 ME) EPGel o} % Hel 2&o) A =HL
F817] 915kl Ea kg 2HLE pH 78, 4847322
A sFL, Ababat Hel 2ol 23 27119e] ub-g-8-of
100 mLol| 7121<) WAIP 1 g} Hxel EPG 0.05 g& 7}
st whe e Euke WA S8 HEle] 2282
2885 chFig. 1), £ 9Tl ZAHE 30°Co A 68°C
7R 2] L= WYl £x2] gk nlwA Mo,
60°CNM 225%2 Z&-&o] 713 ot} whe Lxo
= §49] AR A kA A, 1) EAe) ut
$HETL AR AHE), ol 50 HH dwsg 2
3 60l M 34 270l HAHE o 5 AT,
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g 60cE Ay 1 9o 2L Fig 15 ol
st A W AlHE W BAA EPGE] Hd Sl o

25

Yield {

0 .
30 40 50 60 70
Temperature (C)

Fig. 1. Effect of reaction temperature on the extraction
of soluble pectin from water-alcohol insoluble pectin of
pear pomace by exo-polygalacturonase. The enzyme
reaction was carried out at pH 7.8, for 48 hr.
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Fig. 2. Effect of reaction time on the extraction of
soluble pectin from water-alcohol insoluble pectin of
pear pomace by exo-polygalacturonase. The enzyme re-

action was carried out at 60°C, pH 7.8.

g J3FE FARSFE cHFig. 2). WHg-A) ko] Fr1eluiA
F25 4 Hde 4= o7 Frlstd 36479 ubg-
oA 23.6%E 714 FEEo] Tk, 1 o|Ae A
Zr M vld A 22 7hAsle. o= &9 Hwlo]
EPGell o]3le] B-EA 02 HalEe Hlog 25}

Hh-g- pHoll w2 EPGe| *d8F-& ZAFE}7] $3le] uh
4 == 60°C, HF3 A7 367120 R vAEl R 1
2le] =71& Fig. 13} o] 3AA, pHE Bl 3}A) 7|
A H" 2285 SA3ATHFig 3). o] A3t Akl
M FAog ApE FZ2EE= HEle] o] Frldled
pH 7.891 4 WAIPS] 23.4%7} 484 Helog Fay
gdor, 9714 pHE #4E FEHE Ao,
YakultAbolf A AL A] & 742} ha) F 2lef] o) gk EPGE] Hb
< #A pH= pH 5.0~6.0, A 2x+ 40-50°CE B2
ol ol ol M o] B84 Helof that ukg-

Yield (%)

Fig. 3. Effect of pH on the extraction of soluble pectin
from water-alcohol insoluble pectin of pear pomace by
exo-polygalacturonase. The enzyme reaction was carried

out at 60°C, for 36 hr.

< 60°C9 pH 7.891A HA L vtehile] 7136l A8k
248 ukg 7] 3}e] thar Alo)7) 9lSS Bt 9l
M7EAL Q1AL = A7k 229 oJ3F-2 uin} W=l 2
o aleiA wlad =glow Akl el 7S 1EE
o o B2 S A o P2 ukg SRR HE
FEol o] 4% F s Aoz AzbEch =g Ayt
o g Reo Hul 2 279 pH 7, 60217}, 45°Ce]]
Hl s wjute] 39 A pH 232 F-AI L FH
L X Ataete) vlsl] wobd 3 A A|7HE WEHE
A Pl vk 7)) lolr] A xy TR
2ol 7} 9158 Hch

WAIPe]| W8} EPG] M A Hrlgg 2AFs17] 93]
Uk &= 60°C, HHg- A]7F 364 7F, whg- pH 78904 &
A2og H3AIEA 29 wdo] g 213 A
2}, WAIP 1 goll Wis}ed 0.1 g&) EPG/} 2H-8-8 o), & 7)
Az} B49] vizb 10 I(ww)d o A3 @ 84
€& 3538 5 U=HFig 4). 22t 7136l Ha
A20] TR Ay &0 A4 FFgE 7AA g
L2 vehd ARH S84 o B ¥R BAE
B3 20% ol e} +EE HAIY Ao Y4
gy, nh-g~g-aoi A o] 3 F-0 uig-o] HEle] FZo
U)X og3E RARSE] HAsled sl EAo) H|E
10: 12 f28bdA FEhE Hlshar 248 25
(Table 2), A F7}4] 8 3leid vle} Zo] wh-g-GololA]
712l WAIPE 1% H71sl 48 0.1% H73I&
W 20%2] Hlo] FEE o] 71 g-fo] FUt

T, Ao o8 FEE WS v)Ee A=
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Fig. 4. Effect of the ratio of exo-polygalacturonase to
water-alcohol insoluble pectin of pear pomace on the
extraction of soluble pectin. The enzyme reaction was

carried out at 60°C, pH 7.8, for 36 hr.
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Table 2. Comparison of the yields for the concentration
ratio of water-alcohol insoluble pectin (WAIP) and exo-
polygalacturonase (EPG) in enzymatic extraction (%)

Concentration Concentration Yield
of WAIP of EPG
10 1 46
5 0.5 79
1 0.1 20
05 0.05 52

Table 3. Comparison of enzyme soluble pectins and acid

soluble pectin (%)
Treated . . Real  Methoxyl
pH Yield  Purity yield¥  content
3.0 2.0 19.3 04 6.8
4.0 3.0 27.6 0.8 4.7
5.0 4.6 30.2 1.4 9.8
6.0 8.4 35.8 3.0 7.6
b . .
ESP 7.0 15.0 30.1 4.5 2.6
7.8 234 347 8.0 0.7
8.2 3.3 46.0 1.5 6.0
9.0 39 49.5 1.9 4.1
ASP? 1.3 6.2 71.1 44 5.0

VEnzyme soluble pectin obtained by exo-polygalacturonase.
PAcid soluble pectin.
YReal yield was calculated from purity and yield.

FZ3 43, F 6.2%2] A" & 58] AU
(Table 3).
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Z29 Wl £5F palacturonic acid FF 22 3
st on FE2gM 7Y B2 2ol & el iR
7} pHE 2 325 # el sl A8} =H(Table 3).
of A3}, AAHOE £== 50% ©|3F e
o 53] 97141l pH 83} pH 9elA Z+zh 46.0% <}
49.5%S viepd ubH F3-8o] Fokd pH 7 F3elA
£ olBr} yhe 35% v|uke] £E2& 7l Helo] &
Hgic}. w3l Apapute] HEl 254100 80.1%2] ek
o] #ele] EPGel o8 &3 A= JutEr A
E vehiglot. ol=dt A Attt wiule} M E
] po) zjolef] 7]QlEl= AR AztEet pH 7 H
ol & Hwl2 Abxe] W] 541 7T1.7%E-
o G 22 JeP AR 9 8o 25 F3 A
Aol #25L AsHrE o, A Hel AS-
4.4%¢<] vbd pH 7.89 A& °F 8.1%2 pH 7.8 71¢]
o2 2 E 2o} wiu Helo] FZof &) folFE
o g Ut

Hele} galacturonic acid F-F-ofl o A8 A E o]
e methoxyl”] = o] &8l s & g v
), o] 2H e 2 dHelo] WE galacturonic acid”} me-
thoxyl7] 2} A&=e] 9om 16.32%2] methoxyl ¥
2 vehiie, gubsie 2 79 o]Ake] methoxyl ¥kl
Hel-2 T methoxyl ¥ H oz B{FEo] A Fd
da] o] SEo. B 79 A4, A A "] A
2 5.0%2] methoxyl #& vehglon] HAzd
A 2y B4 AP A9 A% 07%E Jeht A
A H=e v& & xlo] & vieh e (Table 3). =
g pHEE %" Helo] s Z AR A,
methoxyl ¥afo] chakshAd] vtebton 53], pH 59
pH 6914 31 methoxy! §32| Hwle] &4 vbg
HA 279 pH 7.801M = A methoxyl T2l Helo]
%25 % cH(Table 3). whebr] Akl 4ol =je] £34] pH
£ AAatetaal sk Hwle) 2o ajel 2Agchd
T methoxyl §5F2] el A methoxyl §H5Fe] ==
< geksA Ak ¢ 9lg AeE Y=

g, 323 A=) UFHEE A5l HF &
A A2 A3, HHz2H pH 7.8, 60°CHl A 36
A7} EPGE F2% #A=2 25x10°%2 Jeht 4ke
2 Z23 A€ g4x10°% Al e 2. ¥-E{9] EPG
FZ #HEl] 15X 10 Bajufo] A2 #elo]
FZEqch o] gA wivt & HRe] Rajgke] g
21el& mix) 7|49} Afolof] 7]Ql3l= A L2 ALRET
=8 60°CetE -2 uhS X2 Qs H= BAaprl o
$ 23 5L Aelwt F5H dets 2 |7
EPGell 93] F2% Hwle 7|&Ee] 454, A2
MBE AolHfEA SRAUVIER o] &3l el
$28 Aoz 7uRd.

FaA Al up L AE vbgol vlE] 88 W
o) Hel g F28 4 9lglov Ao B2 gAY
o]z FF o] FAEo 3t Bt GF7} pYFofo}
& 7ol

2 o

WAIPol| &2 3} % galacturonic acid®] 32 34.6
%2 2= o, Ak E B8 WY 5082 o
6.2%% Yebsth EPGE B840 T2 eeul S 4
A)A el g YAkete B4e HYERAN B2
2 vehd 4 9l7] W&o EPGE o] £3t HA3E
AL &%, A7% pH, B4 H7lg 5 2AIEGH
A gz 28 A2 60°C, 3647, pH 785
I FEEL 32%E EFAFHAY. AT B4 9k
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HAWE 248 43} 10 I(ww)ell A 23.4%2 7H%
¥ & £EE vehiide Hde ¢E2F ZA Y
At Ak 32 S8 71.7%0)% T, AAE o] 43l
23 A8 34.7%2 JePdol 38 methoxyl T
S 3T A A FE AL 50%, B4 FF A
< 0.7%% # methoxyl &l o2 epgdrl. &H, F&
2 HEle) HF B G 32 wwle) F$- 25
x10°0151.2w, AF 32 Hxle] A§ g4xi0' o2 v
el} Hxjgpo] e welo] F&F

#ZAel #

o] =R2 1998 F tAbs2E-3 ) ko] o] X
ol 28 AFAY YRR, oo FAL=F T

2 #
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