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Bacillus subtilis TFO 1211352l ProtopectinaseS
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AL THH)NA FAT RO E hammer mill 2§33}
& 80 mesh| & A7 TALE -10°Coll A A 7FshaA A
ol AL-g-3+9t}. Bacillus subtilis IFO 121132 Institute of
Fermentation. Osaka(IFO)l|A {15}, alcohol oxidase
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Bacillus subtilis IFO 12113 155 Luria Bertani(LB)#)| %]
(0.5% yeast extract, 1% tryptone, 0.5% sodium chloride, pH
7.0)001 4 Auf et Bojeds FstAnt L F wfkey
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Alnjeto 2 BE{ Water-Alcohol Insoluble Pectin(WAIP)
of M=

AbEl 10 g& FHF5 20 mio] EE § vl 7| (AM-T,
Nihonseiki Kaisha LTD, Japan)E o]83}] 3027}, 23)9)
AARA AbpatE ZA whafstitt. o 74X (Whatman No. 2)
2 Atgre] ulES deld ¥, 1 gFE)] 95% ethanol
20 miE 718t 2083 73T o] A& TA] g &
1 AFE] 95% ethanol 20 miE 7}8t 3 o) o735}
1, AFH o2 1 o7E 99.5% acetone 20 miE 7}3}]
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WAIPZHKE| Enzyme Soluble Pectin(ESP)2| A| =

20 mM2] Z} buffer 100 m/ (pH 3.0, citrate buffer; pH
4.0, acetate buffer; pH 5.0, acetate buffer; pH 6.0, sodium
phosphate buffer; pH 7.0, 7.8 sodium phosphate buffer; pH
8.2, Tris buffer; pH 9.0, glycine buffer)o] WAIP 1 g} &4
Z A715 ¥ ¥9%7|(HB-201 SFolA &59) A|7He &
3te] 100 pm o2 3P wEART whge] ¢ F
10,500X goll A 1027 YA &2 3IH 4 AL A=
o3&k F 100°CollA] 1087F 71838}, acetoneo] H A <]
70%7} B W7pA] 2 2 oA AH7bskth 25 19,000 gol
Al 1087 4AE 8 A 2 E(enzyme soluble pectin)yS-
acetone &2 A& § FAAZI|NA AZAAG”

HEo| == U methoxyl &2t £H

#Hele] £+ 3% Hele] galacturonic acidE m-hydroxy-
diphenyl e & ZA3gjon], =A% galacturonic acide]
F& A8 Foll e WEEZ JERRAT 0.01%(w/v)]
Al g9 05 miE WrolA 52 B A H AL &
o2 3l = 12.5 mM 9] sodium tetraborate 3 miE 7}
3t EFARATE 2 F 100°C) A 587 Zo)ar LA A
Yol A 587 2413811, 0.5%(w/v) sodium hydroxideo] =
21 0.15%(w/v) m-hydroxydiphenyl-S 0.05 ml A7}t =
TEE 5 208 £ 520 nmol| A FHEE ST B
ZE2-2 0.001~0.010% galacturonic acidZ AF&-35}43c}.

#HEl 9] methoxyl 382 0.001~0.010% methanol 2 E &
232 AMg3le] &9 galacturonic acid W] carboxyl
719 JlAH|E38t FEZF Klavons & Bennetty "2 =3
sttt & A" 3 mgE FHTF Sml 39 ¥ 10N
potassium hydroxide £8-2 5 m/ I7}slau 2294 308
7t AXIAZ] F-, 5%(v/v) o-phosphoric acidZ o] &3} &
de] pHE 752 XFE F A 9] 20 mlZ} HAF 50
mM potassium phosphate buffer(pH 7.5)2 715l stock
solution& A %3} ). Stock solution & 1 miE 3} 1
unit/m/2] alcohol oxidaseE 50 mM potassium phosphate
buffer(pH 7.5)0] 314171 £ 1 mIE A7}t T 25°Col A
15827+ 9r-&-A)7])32, 2.0 M ammonium acetate®} 0.05 M
acetic acido]] £-3]% 0.02 M pentan-2,4-dione &< 2 miE
A7beta & 3T F 60°ColA 1587 EA4E sln 4
204 213 H 412 mo A FFE=Z AP
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A %= Cannon-Fenske capillary viscometerE ©]-8-3}¢
ZA39nh. 4AZY] AP S FRTN ¥ 4294 14
Eds nEkE &, o] 2 0.45 um membrane filterol| A of3}3}o]
10 mle] £ 98 Cannon-Fenske F.A}% L3 (size 50)0)] ¥ 1L
25+0.1°Col A H=E 2R34T

H) 7 & (specific viscosity: Ny)°} -7 = (intrinsic viscosity:
D 27 ok 21¢ olgaked 24aisch

Ne=(M-NJ/M.

[n]=lim n,/C

C—0

71 ne £ dE, ne 899 FE, C= &899 &

To|tt. HEo BExEe QoA ¥ A{FHAEE the9
Mark-Houwink™ 2o tf¢lste] AAbal4ict.

[n]=2.16x 10~*M"”
Z, M=(4,630x [n])"***
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WAIPZ 2 E{ ESP(enzyme soluble pectin)2] | =

Protopecting AT 7lFEAG +44 ADL A
= A4+ pectin releasing enzyme, protopectin solubilizing

. enzyme, X protopectinase(PPase)et il E#X| 311 glow,

2 Z871%e) o}e} homogalacturonang £3]5t= A E|
s} cellulosed} AFHE Al F4F Ar&S E3ldt= B
Helrt A #H3x Jon & ATl ol-&€ Bacillus
subtilis IFO 12113 #5F= B €] 9] PPase & AgArg}EY
Alzpato 2 HE] PPaseol] 9|3 HEl &9 HA 270&
Fo7] Sfste] WA WEAHE MBAIBA Bb WEE
83} chFig. 1). 4 e AL 60°C, pH 7.82 14
8)1, B389 100 mlol] 7]&2] WAIP 1 g3} &49] PPase
0.05 g& 7}3la wHSAIZNES WSIAIA F2dE +84 F
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Fig. 1. Effect of reaction time on the extraction of soluble
pectin from WAIP by protopectinase at 60°C, pH 7.8.
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Fig. 2. Effect of pH on the extraction of soluble pectin from
WAIP by protopectinase at 60°C, 48 hr.
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Fig. 3. Effect of reaction temperature on the extraction-of
soluble pectin from WAIP by protopectinase at pH 7.8, 48 hr.
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Table 1. Purity and real yield of extracted pectins by PPase
on each pH

pH Purity (%) Real yield (%)
3 88.2 6.08
4 65.8 4.08
5 752 6.77
6 81.4 11.97
7 64.4 17.77
7.8 52.9 17.08
8.2 88.3 13.95
9 82.5 12.29

YReal yield was calculated from purity and yield.
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Table 2. Methoxyl content of extracted pectins by PPase on
each pH

el
sl

Methoxyl content (%)

8.51
9.81
8.97
8.42
4.88
275
7.07
6.10
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2 o] g3l Alzte] HE S FE34S w9’ 125%9]
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TEE ¥oled 714& Aotk

#HE) 9] galacturonic acid F-E-o JAHZATE Y =
methoxyl7| &= HEle] $-& ths] & FFS 9|t} o] &
Aoz #HYe] BE galacturonic acid”} methoxyl7}o} A$H
5ol 9lom 16.32%2] methoxyl &g EhNT, d¥tA
O 2 7% o]/+2] methoxyl <] H¥l-& 31 methoxyl &
HAelog BFE o] AFo) g oj&drt” ¥ A=
pHEZ F24 #Hdol da ZAletdem 1 A3, A HF
9} pHOlA & 3L methoxyl $#e] H-o] FEHUD, 5
A3t Q7IARZANAE A methoxyl §Fe] FHRo] &
5 tH(Table 2). o] VAL g4 BT EA3k3 9]
=A%) methylesteraseol] 2] AHARZoM = 1 48
A& Aalsle] methoxyl 3] FES 7|XA Egk ¥,
ZA3 G7]8To)AE methylesterase®] AJo| <3
methoxyl -3l F&g HA o=z FyZhEct wapA] 4t
Al =Yl 2 A pHE A4tz st H-le] 279
we} Z2A3cbH 1 methoxyl ¥3Fe] HEl s} A methoxyl
shato] HEl S vekstAl A = e oo Y& AL
2 Azrdc}. £3F X methoxyl ko] ZElL 31 methoxyl
ate] ey g Ae-g As H18HA] ol 271 o
9] F&o] EZA3IH A PATRE T T Jon=E A
Z2g] 21 Eo) U3 AstA 2 A o] 87538}t

3, 324 9] /{HEE F43q Hd EAFES
T}, HAZA9 4813k, pH 7.8, 60°CollA] PPase
AP L 49x10°0.2 L} o m(Table 3), EPG
2 =glo] 15x10°% A& A 9] 766X 10°RTE B
o] z+2 #HAeo] FEHUTE” ujebA B AT9] PPase
o 93 F&d HRE 7[E HFA, ASAZARGE
2ol 2A SEHIER o]&sle Ao] RETY AR
71thE

Table 3. Intrinsic viscosity and average molecular weight on
extracted pectin by PPase under optimal condition

Intrinsic Viscosity ([n]) Average Molecular Weight”

0.178 49%10°
“Molecular weights were calculated from intrinsic viscosity.
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Extraction of Pectin from Apple Pomace with Protopectinase produced by Bacillus subtilis IFO 12113
Seung-Cheol Lee*, Hyun-Gyun Yuk, Yong-Il Hwang, Jung-Sun Choi' and Yong-Jin Cho'(Department of Food
Engineering, Kyungnam University Masan 631-701 Korea; 'Korea Food Research Institute, Sungnam 463420, Korea)

Abstract : For effective utilization of apple pomace, protopectinase(PPase) produced from Bacillus subtilis IFO
12113 was used for pectin extraction from apple pomace. Optimal conditions for enzyme treatment were found at
60°C, pH 7.8, 48 hours with 20:1 ratio of substrate to enzyme. The yield of extracted pectin from water-alcohol
insoluble pectin by enzyme at optimal condition was 34.3%. The purity and methoxyl content of extracted pectin
by PPase at optimal condition were measured as 52.9% and 2.75%, respectively. Intrinsic viscosity and average
molecular weight of extracted pectin by enzymatic method were 0.178 ml/g and 4.9X 10°, respectively.

Key words : pectin, protopectinase, apple pomace
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