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Enzymatic Study for the Value Increase of the Pear pomace

Seung-Cheol Lee* - Hyun-Gyun Yuk™

***Dept. of Food Science and Biotechnology, Division of Life Sciences,
Kyungnam University, Masan 631-701, Korea
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BHEtO R EE| 7|SA AIZAXfol MEIS X&5}7| 5t BIK, 2T YT J}2A HEIS H|7E water-alcohol insoluble
ct

pectin (WAIP)E H|ZE . WAIPY|| ZX§3H= £ galacturonic acid?] SH2F2 346%Z ZSHEIAUCH, WAPZREE AXEZ|E

ol
=

E5 HE| £2482 o 62%2 LIENITE Exo-polygalacturonase(EPG)E E&A2| ZREHEIS £23IA|7 HEIS Mt
e BAZ FEHEAA| =2 F28 UEY 5 | H20f EPGE 08310 HEIFE T 2, AlZh pH, &4 &It
2t =2 =ABIGC) oX FMXAS TARSH A1} 60°C, 36A[ZE pH 7.8, 10:1(w/w)Q| 7|ET} E4 HH2H|0|M 23.4%Z 7}
& z2 F& £22 YEHHQICE HElSl =28 ZXSH Aot M F5 HEIR 71.7%0/4 1, §4F 0/23t0f F&55 HEl
S 347%2 L}EPGACE ESF methoxyl BH2bS ZX6H A A £& HEIR 50%, §4 FF HEI2 07%2 X methoxyl
EIOZ LJENtCE §HH, FEE HEQ| HF EX22 g4 F& HEI AP 25x10°0/920, 4 F& HEI HP 84x

10°C2 LIEMGICE.

1. ME wjure] Hele g WOl celluloset} hemicellulosed]

dAu2A%stEe] Z2EFHE g EAs L

e ceuaty 71557 B FA 29 s glon wle &Add wE YR seA sEow

oln, 1996 3%H wle 7HEEQ SETE sty AstEtt ML galacturonic acid FE C-6%-F0)
o] I AAAS Fdis vzt Ak 1997d0+= 26 methylesteri]-% galacturonic acidg F FAFLZE 3
Tt E9] wj7b Fujoll A AJAtso] TF oF 39hEC] = OEREA, 452 MEEoly FHAA &
M EEOR o] §HI glomb 2}53 ot 60% 3= ops2 He 2 AEA T JAAH Fed /A
7} o) Fo|A L Utk wl 7hE Fo FAHE (o3} wi A AE7e A%, 239 FAx, S 2 A=A
Bh e oF 30% AE7F B s AF HIEE o] & Soll gag nHg, Hele S/ AFEE oY
2 9oy ge] FARQ HEAE ALH0E FF of A Fo A AgA, HAHA, BFA FOE o] &HH,
& 4 Jom it RPN E @3 o =Y + 9 T3k ook FAE 5o | o]fHojA sipd

i oo
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2ols A% A8, SALHE As T3k AYAA
249 7154 So) Rusol I AgFol A% 371
sz gleh

HElS Aoy ¢z A2 g St AF2E2FH
gAFeE A8 F don, AjFe 2= AFFHY
AAol Azpato] 129 Ab Lol & AMe|shs 38
A wES AREt Y QTH. 2y Ak WES B
FES et HElY 2 wEol 715AS A
A7 718 RN £A28L oprlse
o BEL /AT AU, o]y BHES HHd]
9] W0t O 2 hemicellulase”, protopectinase” 59| B
£ o]&sld HElg FE3E At BHL Aok
Exo-polygalacturonase(EPG) & protopectinase®] 4§
o2 244 ZREAY T o] 4AH2E EAF
= galacturonic acidAtEl ZH4-sted 44 AHE L
Z30], A& Rao] #sie vAEI} EF w4
2o wo] ZAJTE) EPGE celluosest 2%E Hd
o ZAAES B8 A, homogalacturonant
seition) EPGE 284 A FaAld dig
3, A2 M L] protoplast AAHY, HEl A4

tlo o

HII o?r.

X, ol rg M lo

of 284S MY HIHYeH, 1 FLAS

43} Z7het Qe wEbd, B AN EPGY e

= EAE o]&3ld a7t 7KL e AEAEY

o] Meld £&35d 93 HEl AAeS L)

95t} wjute] HEl 32 FHE ¥ I EHE X

Abste] wjuke] B84 Q) o] guietel tis) AT
. X2 U ay

L Ag 9 Ak

B Ao A AREE Az wjuhe UFuldTa(d
Ur-r o] A Al Fue 202 Analytical miller(IKA-
Labortechnik, Germany) 2 24}3ted 80 meshA & &
A A 4CoAM AAAN Aol A3t 2 E
o] ©0]£3l exo-polygalacturonase(21,000 Units/g)+
Yakult Honsha(Tokyo, Japan)ollAl +3)3, alcohol
oxidase(EC 11313)= Sigma Chemical Co. (St Louis,
MO, USA)AA FAste] AH&-3tich 19 71 A
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FZ3l7] 98 WA 50g] wfute]
10mL9] ZF4S H7}8 ¥ homogenizers ©]-&-3}
of EHAIZ & A AL AoFUd
10500x gl A 1087F AR F o3st] 1
Al S Hale AA F¥7t 250mL7t HES FFHT
2 #71skdeh 18 ¥ isopropanold 375mLE A7t
A Heinke MdegHog HHMAI| L THA] 19000%
goll A 1027 AAEIAA Hu g JAAN F F
4oz FAAREA THE FHHAL ¢EL3
A HEe £44 HeFEA F FALE ethanol?
acetoneC 2 FAHIE & Y4 EE]F

=274 22N 18 ¥ 592 547
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4. Water-Alcohol Insoluble Pectin(WAIP)9]
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water-alcohol insoluble pectin
WAIP)S AZdte He 5 9852 o &3tk
W2 wjeh(10g) S ZHFF(20mL) ol EFE F wh7)
(AM-T, Nihonseiki Kaisha LTD, Japan)E ©|&3}o]
0%27F 238]0) AAAM wurE ZA vhysAch o3
Z](Whatman No.2) 2 wjute] sp &S Al ¥ 1
o} 7}2o] ethanol(20mL)& 7Fte] 204%7F 7HE&HTh
OlAL T dgt & 1 o=l ethanol(20mL)<
7bte @ o osty, HEHOZ 1 AFE
acetone(20mL) & 7}8te] et & EFAAZAAM

PN 2



WAPE %tk WAPFEA] 7 gAY 228 =
WEe 24a7] Slete] cabaol MAYDE o83}

o] % galacturonic acidE % 3ste] vy} YF o of
3 WESZ FAZCH

5. Enzyme Soluble Pectin(ESP)2] A &5

20mM9] 7z} buffer 100mL (pH 30, citrate buffer:
pH 40, acetate buffer: pH 50, acetate buffer: pH 60,
sodium phosphate buffer: pH 70, sodium phosphate
buffer: pH 7.8, sodium phosphate buffer: pH 82, Tris
buffer: pH 90, glycine buffer)o] WAIP 1g3 845
CA7M F ujg71(HB-201 SF)lAM &9t AIZhE
gE]dte] 100pmoE gt ¥REAIATh whgo
B9 F 10500xgel A 10%7 Akt 43
NS AR g F 100CHA 1087+ 7HE s
¥, acetone@o| 70%7t 2 wW7kA] & HoHAM H7t
atith 1% 19000xgoll A 1027 AAEAA 3
A E(enzyme soluble pectin) & acetonel @ A %
SAAZIINAM AZAA H" & F&2 7)F
HA7vge] dist F&9 HEES YRR FAYS
o Zbzh 27 AT H7Ee FAES AAEH
acetoneF 7HA] BT F U B4 JAFS F29

HelFo| A Heted &5 &S AL
6. Acid Soluble Pectin(ASP)2] | Z5"

WAIP 2gol 005M¢] HCl 100mLE A7} % 60
CollA 3087 7hEstith ¥s 9412 7] (Hitachi,
20PR-502, Japan)ollA] 10500xg, 20%-7F 482 st
T AHAR g3ty o] IM NaOHE 7}t
of o] pHE 458 X3 Th o] &dol acetone
2ol 70%7F H=E H7hste 19000xgol A 1083

HEl9] £E = 2 HE 9 galacturonic acidE m-

hydroxydiphenyl ¥ 0. 2 &4
acid ¥F= AE ol sk WEg2 Yepf
001%(w/v)e] e &4 05mLE
Qb A3 H e SulE sl PHE 125mMe
sodium tetraborate 3mLE #H7bsted EFAIZTE 1
F 100CAA 53¢ Folal YA thAl WolA 5%
7V A3, 05%(w/v) sodium hydroxided] =91
015% (w/v) m-hydroxydiphenyl& 005mL 3 7}3}od
2 3 9§ 208 Fo 52nmolM FFEE 2A3)
Ak BEFEHEE 0001~0010% galacturonic acidE
AR Th

# €l 9] methoxyl &S 0001~0010% methanolg
EFEEE AHEstY FF9 galacturonic acid W€
carboxyl7] 2] oAH 23 AEE Klavons & Bennett
Hroz A4t % ¥d9 3mge FFF SmL
o =9l % 10N potassium hydroxide €918 5mL 3
7betal A2elA 3017 AAAZ & 5%(v/v) o
phosphoric acidE ©]&3te] Ll pHE 758 @3
H AA fdo] 20mL7F HAE 50mM potassium
phosphate buffer(pH 75)5 #7138l stock solutions
A Z3FA . Stock solution & 1mLE 3 3o
lunit/mL¢] alcohol oxidaseE 50mM potassium
phosphate buffer(pH 75)°] £ajA17] £ ImLE 3
7hgE & 25C, 1587 WHAI71Z, 20M ammonium
acetate?} 005M acetic acidoll £3]%¥ 002M pentan-2,
4-dioneS 2mLE H7bety & S H 60T A

1587 A28 st A2olA 23 FH 412nmell A
3z E 2390

Helo] Expeke Cannon-Fenske capillary viscome-
ters Ql&3ted FASUY dAFY ARl FRT

>

of B3 A2oA 1AZF wWEk F o]F 045pm
membrane filtero] A} o] & 10mLe L£HS
Cannon-Fenske A A & (size 50)0 ¥ 25+01C
g Axg AU

H] % I (specific viscosity: ) @} -7 &= (instrinsic
viscosity: [7]) & 2+ ohe 4] o] &3t AAsiTh

P = (7-7)/7

(7] = lim 7/C

C—0
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o] rrolt) Helo] B 9o 73 LfA
& th&9 Mark-Houwink® 2o thjate] Axkat
pit=g

[7]=216X10"M"™

Z M=(4,630x[7])1%*

A7\ 72 gedg AE, 7= gule) WE CE &
VS

m. Z% 3 ag

1. Water-Alcohol Insoluble Pectin(WAIP)2] #| %
oA A

B Ao o]&d Az wjute] 3t e
70%, ZS A 329, ZAW 70%, 3% 22%
583%0°]%th. Table 19] @AY FE&S HA
vpo} 7ro] wjubel] EA)3l= F galacturonic acid®)
AA Wt F 54%E AAEH £ AFE $lsto
29 WAPOE 346%5 fste AR dehy
& coro] #Helo] wjute] EAshs A2 AZHh
A A 2 9F S84 Hae AA gt
186%2 AHHo2 AL Fo] FEHAN Ax A
Jut 2 7AEFF gEe 30%v9te] =03 vl
2o HE 320 3 Y5 ZA ik AL 7hs
Aol B & ZLE 7l

Q
o oy

.

oft M

o2

g2 eorlo

2 244 3 dF4A H=

wjato 2 RE £84 HE FEF 2H 36%9
#4844 #o] 3250 WAPAZ 34 F 844
€l 9] galacturonic acid¥H-fr#Fa B 2po]E Yeh
AoH, ez F23 A 1017%9] NS L3
A HEo] F2HAL oFHEY HE, 096%° oAl
E ga4 #Helo] FEHo WAIPY Az HA743
N er& 3} ol E FZ5E9 galacturonic acid T
AR A3 UERR AT

3. k2 %271 ESP(enzyme soluble pectin)]
&

He =
o

EPGE A& 2A9 AEHo EAjsls ZZEH
Bl Bt AZAEE GAESshE 715l B
A A5 7199 4F U459 7tgel o142 F AU
om Azheto g2 RE Heg FEG A U
AA7F ol A AT

wjuro 22 EPGOl oI@ HEl $29 24 24
S F3l7) Yake] &4 W AL pH 78 A7
o2 AL, Atz He FEo HHx27 u
Sga 100mLel 712l WAIP 1g# &9 EPG
005gS 7haty whe 2Luhg WEA A $44 Hd
o 289 ZA3YtHFig 1). B AN AL
30ColA 68C7HA S 25 HYolN 2k FIF>
H7A HQom 60CAN 25%2 F&&°] 7+

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

process

Step

Content of total galacturonic acid (%)

Pear pomace!
D.W. washing?
EtOH boiling”
EtOH washing”
Acetone washing”
WAIPY

540
59
6.3
59
05
346

USolid was used as sample.
Filtered liquids after each filtration were used as samples.
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7}8}&1 pH 78914 WAIPS] 234%7} 444 #HElS
5o, €714 pHE Z4E F

&
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gt EPGY] ¥H3 A pHe pH 50-60, A%
40C-50CZ Basol louy” ujdtore] B4

30 40 50 60 70
Temperature(°C)

Fig. 1. Effect of incubation 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 with 48 hr of reaction.
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G2 it HE FZo] oM vuAH Hglow
AR 7S yEsthE o &S v A7k
o 22 9hg 2EE HE F&0) o]8F 4 gL A
o7 Aztech E£g Alsputo 2 HE 9 HE % %
7191 pH 7, 60A17F, 45Coll &9 wjute] A HF
pH 27L& AU HE 2:& AMEMI v] 3|

—

Sl HH AZe BEHE RS deho) ¥
UECICCRINEEIEE S BEES

c

o
bz

WAIPo| W3t EPGe HA A7l A7) 9
3ted ®h3 2% 60C, ¥HE AlZF 36A17E, whS pH 78
oA TAFE WHIAZIEA FEE HEly YE 2
Abet At WAIP 1gol tiste] 01g9] EPG7t 243
o, & 71™3 g9 H7F 10:1(w/w)D o 7HE B
< 784 9d g 348 + 31045} (Fig. 4). 284
229 g ¥y FZ6 A 9
v A2E Uehd A1A 384 9 ¥
A5 ol &EdE 20%0149 FEE &
3hH, b dlo e THE

o wgol AR FZol nAL FFL A

6 =2 -

25
. +———-/.\-\‘\'
15
k=
£ 10
5
0
12 24 36 48 60 72
Time(hr)

Fig. 2. Effect of incubation time 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, pH 7.8 of reaction.
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93t 71A &2 HE 10:12 FAGHEA &
ohS watslHA =A% A(Table 2), AS7HA F

galacturonic acid o2

7 Be Aelg vehl

BeHAE upet o] wEAdlA 71WA WAPE 2 pHEE F28 ¥l ey ZAbsidrt
1% #7182 E4E 01% 718t9S o 20%<) H¥ (Table 3). ©] Az, AAHOZ Fre 50%°]3E
o] #%&Ho 7H¢ F&°l EUTh Yehies 53 947142 pH 8% pH 9914 7zt
g9, Fao o3 FEd HHS 71E9 A 460%9}k 495%5 JERR wHA FE80] %W pH 7
agel ol Aelg ww ey fistel wiube  RIZAME oluTh e 359% U] £EE M ¥
244 gl WAPY AHE HEstd +&4 Hd Blo] FZH Ut 3 Alahate] Hd 249 801%
S 229 2% 9 6229 BY 22 £go] YUY 9 ZEES Ho] EPGOl g3 F2E A= A
(Table 3) dhEE 43S Yepioh ol @42 Attt
wjure) Az x| Hole] s)ete Ao 47t
4. 3% 4 B4 fek pH 7 R2elH F2¥ H0e 232 A
25 25
20 20
e S 15
k=] 5
£ 10 £ 10
5 5
0 0
3 4 5 6 7 8 9 0 05 0.1 0.15 0.2
pH EPG(g)
Fig. 3. Effect of pH on the extraction of soluble Fig. 4. Effect of the ratio of exo-polygalacturonase

pectin from water-alcohol insoluble pectin
of pear pomace by exo-polygalacturonase.
The enzyme reaction was carried out at 60
°C, 36 hr of reaction.

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, 36 hr of reaction.

Table 2. Comparison of the yields for the concentration ratio of water-alcohol insoluble pectin(WAIP)

and exo-polygalacturonase(EPG) in enzymatic extraction

Concentration of Concentration of Yield
WAIP (%) EPG (%) (%)
10 1 46

5 0.5 79

1 0.1 20

05 0.05 52




%o $EE UelAAT S8
Fe 479 AR o,
Helo] 3§ 44%
pH 78 £710] t&
2o dia &o1gs :

HE 9] galacturonic acid & o AH 2235 o
AT methoxyl7 &= HEle] S&o tis) 2 FFL |
At} o]2H o7 #HEIY BE galacturonic acid’}
methoxyl7] ¢} 235 o] 2™ 1632%9] methoxyl §
2 Jehis, gubE o2 79, o]Abe] methoxyl 3Hek
 HELE T methoxyl BF HEloZ EFHo] 4F
o Wel SR, B A7 A9 4 Ae A
73 50%2] methoxyl &3S ER o0 HHZ A
N 329 52 A2 AW A3 07%2 deht 4
Azl Hdof vl Z ztolE YERHATH Table 3). &
g pHEE FZ9 Helo s 27 A Az

x
v

2

methoxyl 3&Fo] ThFstAl Yebton 3] pH 5%
pH 6914 Fmethoxyl Eeke] #elo] 28 uiy

HAz79 pH 7804+ Amethoxyl ] Elo)
FZEArHTable 3). Wb G B 24

pHE Aietizt k= HAde] 2 whe} 2™t
A Imethoxyl ¥ 3} Amethoxyl Fe] =

B ol 408 £ 92 AoR 47tE,

IPOH Mg 98 EASH AT

-

s 3A%d Ha
36417}, pH 78, 60C
HES 25X10°P2 2 YER} A
AX10°5} ApFdto 2 HE 9

o] 15X10PETHEY FExlgo] 22 )
FZHAT olFA iyt % H¥lo) Exjzko)
HA 712 zlolo] 7)Qddt= AoZ

=]
LS

5 2
(@]

L
5

e FEuedA 71Sert B2 34 F9 sy
olH, 196 3FE we 7HFEL SEFE AU
of 2 AZ4E gdis Urtz ok 199730 21
HeAE9] wi7h el A AaEle] 1% oF 3gHEC]
HEELE Jl4HAL FF AL F71E FAo|
o v b ¥ FAE(ol3 wivhe MF wEE
o[ &HIL oy, oZREH RIIXA 2 J%
A 2AE T S Ao W A sk 25 F
el A 7148 RAolch B d7E o]l AAgts}
o Wo2 Ry HAE ogstd 7154 AFLA
d HEE etz sk

Table 3. Comparison of enzyme soluble pectins and acid soluble pectins

Treated Yield Purity Real yield” Methoxyl content
pH (%) (%) (%) (%)
30 2.0 193 04 6.8
4.0 3.0 276 038 47
50 46 30.2 14 9.8
— 6.0 8.4 358 30 76
70 150 30.1 45 26
78 234 347 8.0 0.7
82 33 46,0 15 6.0
9.0 39 495 19 41
ASP? 13 6.2 711 44 50

VEnzyme soluble pectin obtained by exo-polygalacturonase.
Y Acid soluble pectin,
“Real yield was calculated from purity and vield.
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wi Ak FEmow 22
Z 9= #HEle) kg xAME| fste B3 ¢F 7t
£ #ElS A A% water-alcohol insoluble pectin
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