e KB 49 :17~25 (1980)

WIS 2 R & O WA DB & B~ 7 F > P

®H T = oE g =
(BT %P %)
IHFI554E 5 31 =m
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Summary

The peel (pericarp) of satsuma mandarin was macerated with several commercial en-
zyme preparations with the intention of isolating protopectin. When the peel was macer-
ated for 3~4 hours at 50°C and pH 3.5~4.5, the alcohol insoluble solid (AIS) of the peel
was highly digested and the amount of dissolved pectic substances was 35~459%, per
AIS with the enzyme preparations. The hydrolyzate obtained by the treatment with a
commercial preparation (Macerozyme, Yakuruto Biochem. Co.) was more viscous than
those obtained with the other enzyme preparations.

Two peaks were shown in the Sephadex G-200 column chromatogram of the hydro-
lyzate obtained with the Macerozyme; one was eluted immediately after the void volume
of the column and the other at the volume of about three times as much as the void volume.
The elution pattern was similar to that of commercial high methoxyl pectin.

The pectin separated from the peel by the Macerozyme-treatment was higher both in
the apparent molecular weight and in the content of methoxyl group than pectin pre-
pared with the other enzymes and with hydrochloric acid.
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Vav v, v v OIS, ThENERE, 0% FaATea - THEMEL,
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el (AIS) ZHMURRE LIz, 7, £REPSRBICLT AIS 2L, BELMOE
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2. ROFyODFIHH

HEPO~7 F U BEHSY OFEICHEUTHML, RO XS5 3 WHEMEEMTH B L.
(a) KBS (WP) 0k 4g 1T 200ml OkEMA KB I—KBHRELTHEBL, MilEs
WP & L7

(B) ~Fy iz ) YERAEEES (PP) (2) OBEIK0AB~FY A2 ) YBF + ) v 45200
mlEMAEET2HE/MMEL, MllE PP LUk,

(o) HEETHREESs (HP) (b) OB 0.05 NHCI 200 ml 2z 85°C T2 RaiH L,
B e HP & Ue.

WP, PP BL U HP 0 &§% TP &L LTEDL L.

3. BRABIUORIF

TREERAN & LT, Bl (kv y —€ APy RIFMHE K. KD, By (=754 -4 ; HIME
KR), EsBIUE (venF—-aSEBLUenrs —% 4, x4 38S; ¥+ 70 b 424622 K K)
EHRA LI, ChOomEREBOIN S 0.1% KA E L, ThEBBERE UTHA L, ¥,
BB E LT HO OB E~2 7# ik, Pr (Brsvy~s 5o Bl K.K), P, (low
methoxyl pectin; Sunkist Growers, Inc. “Exchange™) T& 5.
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(AGA) BELTEDL L. B, FNEBOBOET7 I I Y e DRy F IR Lawrence
& Groves” OJFIRICk V3R, Tisb b, HHEO 0.5 ml IK84%HEE 4.5 ml & MA 155 (94
WLTo-95 7 Ve vy BEERSEE, 295nm KEY3WREENEL, Z20MT s F
Y OWEER U, RISHAPORTEWEORIIS,6-V = b v 7 2 ABAEROSHIHEY Kk Y]
Rpfeyva—2f|TRD LIz, &le, 7 F VD2 b+ v A4k Wood & Siddiqui® @ %
BICE->THEL, ZhhE b == 7 LR M LTz,
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5. BRESKUERMH

FEHRMES K B & LT oEBIHERD X 51 - 7. bbb, HF (&REko AIS)
0.1 g iIciEskik & 0.1 M Mcllvaine i (pH 2.5~5.5) D& 20ml 2HML, B LIS
RIS &g/, HBEMEOBEA1 005N 2213 INHCI © 20ml 46 L.

6. TG IUKEAE
BB O—#%E 7 » 7 » 22 G-200 D5 5 2 (3.8x40cm) ITHEM U, 0.1M NaCl ¢ JEB
Ufe, BMIER 757 v s vav s 2 —2F0T5ml¥248M U, WRREENE L. RISk

DIER>AA LTV o 5 ¥ 72 VRS HEEFHERNT 25°C THELE. BEROKT
B & D RICRT Kim 51 o #H5# 3% fi L Apparent Molecular Weight % 3% U7z,

1
- 1 — ‘((t /t )5 )
A \%Y = m___b,S‘._...Q,_-.vwl
pparent Molecular Weight 5 10-5C (g/mole)

T, b, N7 F VIEHEOWTRM (B t, 1%NaCl O TRE () C, ~7F v &RE
DB (g/100ml).
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RFEZD L AIS KX T HH4HMD AIS B U~ F rO8l4% Table 1 TR L7z, &EALD ~
7F B (TP 37 5N EBRIBERIFXOHERELED, TARF, Yav /v, +
U DIHIDIE {1 o7, & TPIR>W0Tid, WP, PP s & (8 HP 4 @ 8 411T 75 O AHLE AL A
Shic. THbE, 75X P TCREESOERENHTVSHONE L DI LT, TANE
T PP, HPHEGMEL, Yav /vty v TR HP §RBEESICENTEP - 72,

Table 1.  Composition of the pectic substance of satsuma mandarin

AIS wp PP HP TP

Peel

Flavedo 48.04 4.33 5.46 6.70 16.49

Albedo 24.74 0.93 3.40 3.91 8.24
Segment

Membrane 16.91 0.62 0.93 5.67 7.22

Juice sac 10.31 0.31 0.62 2.16 3.09
Total 100.00 6.19 10.41 18.44 35.04

AIS, alcohol insoluble solid; WP, water soluble pectin; PP, 0.49%, sodium hexametaphos-
phate soluble pectin; HP, 0.05 N HCI soluble pectin; TP, total pectic substance.
All values were expressed as percent of the total amount of AIS.
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Fig. 1. Relationship between the dissolution of pectic substance and the reaction temperature.
The reaction mixture was composed of 10 m/ of 0.1 M McIlvaine buffer (pH 4.5), 100 mg of
AlS and 10 m/ of 0.1 w/v% enzyme solution. The reaction was carried out for 4 hours.
Ey (-0-), Cellulase AP; (Amano Pharm. Co.); E, (-@-), Pectinase (Tanabe Pharm. Co.);
Ey (-o-), Macerozyme S (Yakuruto Biochem. Co.); E; (-a-), Cellulase Owozuxa 3S
(Yakuruto Biochem. Co.).
AGA, anhydrogalacturonic acid determined by carbazole-sulfuric acid method®.
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Fig. 2. Relationship between the dissolution of pectic substance and pH of the reaction
mixture.

The reaction mixture and the abbreviations were the same as in Fig. I. The
reaction was carried out at 50°C.
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CRLI. =7 F v O HIEIE B AETR pH 35, 2 QOB ZIME T3 pH 45 12 2 0 kil
BEHSNTc. pHAS LB B <7 F v OB IEIR E B OB A5 b5 <, By, By, By ORI
E< 75 570, By, By UEOBHAR pH25~35 BT DD B0 MEER Ui, B, B
LB DA I BB ED - 7.
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Fig. 3. Relationship between the dissolution of Time (hr)
pectic substance and the enzyme con- Fig. 4. Time course of the dissolution of pectic
centration. substance.

The reaction mixture and the abbrevia- The reaction mixture and the abbrevia-
tions were the same as in Fig. 1.  The tions were the same as in Fig. 1. The
reaction was carried out at 50°C in Mc- reaction was carried out at 50°C in Mc-
Ilvaine buffer (pH 4.5). Ilvaine buffer (pH 4.5).

-:Q--+, IN HCl hydrolysis; ---@--,
0.05N HCI hydrolysis.
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Zh o OfERE Fig 4 KR Ui, MELBEOEAE, . ;
<7 F BEHEROTN S3~4REETIEIERKAMEICGE Time (hr)
LT3, RIG#EBEW By, g, Bs BL U Eq B DRI Fig. 5. Formation of reducing substance
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BAZ 00N B INHCILE & & E; LB &3 The reaction. mixture and the
TR FHECRIGEHET U, --‘75, ﬁmp{:;@ﬁfﬁ abbreviations were the same as in
FEMIE O B B 12 Fig. 5IERELEESIT 1 NHC ® Fig. 1. Re.ducmg substance was

o evaluated with the glucose content
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3. BHEOHEBIUS LIRS

REFILA0.05%, pH 45, 50°C [TH AT 1~4 BRIAEE L, Z 0 B % ¥ il O R HEZEAL %
e Ute. 208k Fig. 6 107 Uik 5 1C, By MBNT X B3 MR STV EEERL, 4

O RERTREMEICE L. By MBI X B S K
OES Chick s <, A 2 R #ICREEITE
Lz, 2hicsd LT, By &0 E B & 5 5 il
DB U B - 72,

22T, ThoBEHRDI B, E BXUE; ik
HARBMMBEZOBHEO-HE 77T v I A
G-200 D # 5 & (3.8x40cm) IHML, 0.1MNall
CTRELIZE DA VB s — B RT & Fig.7()
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P BLUD-#3 27 vwurBERD 4 — % Fig.
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volume (Vo) # X0 735 7 v 3 » No. 50 it b 72
E—42& No.75~90 KBFBENE—7 &PED
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Fig. 7. Gel filtration of hydrolyzates (a) and

(b) on a Sephadex G-200 column.
Hydrolyzates (a) and (b) obtained by
E, (Pectinase)- and E; (Macerozyme)-
treatment, respectively, were applied
" to a Sephadex G-200 column (3.8x 40

cm). Elution was carried out with
0.1 M NaCl at a flow rate of 15 ml/hr. -
The concentration of pectic substance
was expressed with OD at 295 nm.
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Fig. 6. The relative viscosity of the
hydrolyzates obtained by enzyme-
treatment.

The recaction mixture and the
abbreviations were the same as in

Fig. 1.
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Tig. 8. Gel filtration of high methoxyl pectin

(c) and p-galacturonic acid (d) on a
Sephadex G~200 column.

Elution was performed with the same

method as in Fig. 7.
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shiz (b). CRIEHLT, B WEICKZEHEOBER Vo HEDO ©— 7 RAS5h¥, No.

N~NICBPTB e~ DERBB LN (). HEOH vy <y F o (Py) BHED F v i<
A—VRBOTE, VoHRIK ¥+ =7 e —7 & No. 85 fHEICENE— 7 BA5h (0), Ei,
D~ 7 7 m YBRIFEDENE No. 70~90 KD &H v — 2 v ot (d). === u= b
7774 - LD INOBEMBEFICEENBEEHMORBEET LA, E MEICK B H
HOHBEWE, ERO D-FF 7 v o vBEMBOEBITFRO + ) 79 o= i I hiohs,

Es MBI X 2B HEOBRTEBA I v o FUMRHEINIE - 7.

4. RIFUVOFFEEEFT A7 I{LE

B ORI AIS 10 g 100, 1% 8 #E (B 100ml BX 8 0.2 M Mclvaine @il 100 ml % 78
mu, Wi (Fig. 6) ONMENTRIEE 7. MB 1 FEN% B IR IRETIB L, ke
FAT N = NECOBBWEEILB X IIFEMUT R F 2B &S, #0485 (3,000 rpm) L
7. TORyFrORBER 100ml OKICHEMRL, BUTVa — A BLEEEE L. o
LR LTHONARY 5 DKBBERGNIE U th, BMEERUEBHEFEL:. chi~y
FUEF MEP & U7z, Wk LT, B AIS® 005 NHCI i X b Bt LT <7 5 &)
FHHCP 2@ Ule. &/, Wi~ 2F v PLBLU P 20 Th 7o — b, BRESIGS
MBEF, ThEFNW HMP 8L LMP &Lk, Zho~szsrHB0 % 1g %1% NaCl
1000miiTiEML, eNENIEE, WRko-F3 7y BBLU 2 F3vadBEMEL, Ch
5 DM & Apparent Molecular Weight 3L U= x F b EEZRKBEE L, £h o O =R
$% Table 2 R Ui, <7 F VBEOH T3 MEP M b k&, HMP Bz hicgiini.
chiext U, HCP i BORBHC AR TROR/ME D, o, A F BB LTS
MEP #&d %<, TNLDFHE LR FALERS9% & HCP B UMK ~2 7 I ~T
PIROBENEERLU, B8, <7 F VyEREBEK - P77y e rBE LTINS 70%0H
TORIENMETH - 7.

Table 2. Some properties of satsuma mandarin pectins and commercial pectins

Methoxyl- Anhydrogalacturonic Degree of Apparent
Sample content acid content estertfication molecular weight
(%) (%) (%) (Kg mol™)
MEP 9.65 72.0 59.1 72
HCP 9.00 67.6 55,1 55
HMP 7.98 74.7 48.9 68
LMP 4.90 69.5 30.0 63

MEP, pectin prepared by E; (Macerozyme)-treatment; HCP, pectin prepared by 0.05N
HCl-treatment; HMP, high methoxyl pectin (Katayama Chem. Co.); LMP, low methoxyl

pectin (Sunkist Growers Inc.).

E 27
PR UREMN: H - OBEbMbOH v+ v HERARY, PP, HP R ERBEMK~s 7 O HHH
£, LK, Vav s vlEEy ) o TR HP §EME» -7 (Table 1), ¢ ® HP BHBHEE
Ry FZVBEBFEELL WHWE Fu bR F U HERTAESEELLSNTED, ChE
native JRETHI KT 2701, HMPEBIKBI 2 OB L ORAZRBIRMIIMEL, o
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BULZRB XS B HFEOHMBBETI L. UL, BIEQOLT A, ZOL 3 AR FHERZRAY
ST, FAE, RO BEK <757 0 S BHERACONTY 5 EHERh kO &4
(pH 1.9~2.2, #1 80°C) Tix, BWHUI~7 F A OIIRVSMENESF I Z &ENT
HMIh3, 22T, chithba kL LT, BENHLEICKS <7 F YOG HEICDOOTH
FHlice ChFETI, BEMTIBOTHAHSFEINIE®mE L LT, REOHEY,
S O H- O BB MY R ERHoN BN, TOBBRETSERDNS <7 F rOHIR
KDOWTRIBEAEMONTHE L., RERTI, #hoDRICER Iz~ 5+ —¥, *
w5 —EB K macerating enzyme 73 EWTRMHAO I b o 4 MR, Zholcksd 14
YRy F OB MEMEERE L. Thabb, 7, BBLV s F 2RO IBHTHHER
MBOKEMETIET A, HFEHERAE S USEER 50°C, pH 133.5~4.508F#HTH Y, MR
BEO.SHBBETHAITHEC EBRD oM (Fig. 1~4). ChoD&MTiIRBY S 5K
MICE B~y F o OEREEERLETS &, B MEOBAREGEENAT, ERHO 5
FLELALESE D o7, By By LHOBARPPBRVEITH 7. —F, EHEPO#E
T O RS S T3 &, B MBI OB MBOMBRNBKICHARTHE U&7, ¥/,
BZHEBBEORH B ODNTHE, B & By NEHOEAMBOMHELED D XY 2~3 50 E%E R
U, 20&5ic, Es Ui L 3BT, @Ol EOEERBIES, pOEE
THBELEDS, MOBMELMPERINBO SORKENTESTHO <7 F rBEHLIzC &%
BWRTEb0LEbLNE. COZEE, ChSHEBEBIUTRR? F D27 77 v 7 %G
200 F AWGBD ez — D bESRKIMFEING. bbb, Es MEICXZHEHED <4 -
BHROA v Fy =y 57y (P) OFZNEFYLT, REGO~<7 7 H Vo HERKEHULE
WESTRTHLCEREL AL, ChiTHLT, E MBOBEE, ~7FrOf@EBsEL
CH#EFL, BEAEBD-HZ 7y n YBRETHBINTHWA LS IKBbhi (Fig. 7, 8.
3, B« AN FEY BEHROMEEICES e PRIFORIF D Failes -k
WAL LT B D, Zhick B &, cold break process i DKBHD <7 F 13, L= +OD
Ry F U RBRCL ORI T, KEBRICEITS E, MEOSHAE HP LBl 2 - %
RLTWA, 2T, FEBTHEHU WEFHEERD pectinesterase (PE) # LI exo-poly-
galacturonase (PG) #E#EZME L2 LT A, By & By L3 E bR EREHLIEL, 205
DIERICE Y E; BB HFOR7 7 VEEZEDPHICHWTETHAI. chict LT, B3 & By
® PE, PG Wj7E MO TENL 5 TH -72. E; 13 Rhizopus B D macerating enzyme T
$ Y, endo-polygalacturonase, hemicellulase I & U cellulase %D EHEH L, Zh & DHLFEE
M ORBHMSERBETEZLEBMONTINE., LEd-T, 20X 5 0EEE T 505/
Ez itk ¥, W native IWRIETH v b=y F U BRI N, B U<r 5 o bois

BLEBHMEINETHAH (Table 2). L LD &» 5, macerating enzyme OMBIT L 5
7F OMMER, I REEEOHKP SO native 75 ~7 F o O5ME, FMHEE LT HY
B—HETHES LEBEHLN S,

& =

WM A DORELY <7 F 2% native IWRETHMTZC LEHAWELT, Mo diEES
AT LD RO AIS 2B Uiz, HEERFNC & B MBS AIZRERIE0.05% T, pH 3.5~4.5,
50°C, 3~4 MO B EBIFETH Y, <7 F o OrlEIL AIS %0 35~45% TH -z, %
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NS THREEHFO 5 BT, macerating enzyme (= + 1 F—4 S, ¥ 7 & | 2:4L2E K. K) itk %
B RO HEALBO bO XD BHETHY, T, ¥ 777972 G200 1£ X5 4 il
BTRIZOQOEe— s BRBONI. 20—213 V, Higlic, i3V, o3 R frIC L
WROH > %y <y 7 v YU LRE M4 — > TH 7. macerating enzyme LI L 72 4%, 7
NI MEBI K > THMELIC I Y RED <7 7 213, WIS > TR LN 6D B L 1
TRD <7 F XD, HTRBIUA b+ v &R EBICEHOER L.

APPSO E B E VIS (RRIBER) O LTI T -2 bOT, PR BB (B,
Ve Aa KK, RERM BE, SRR, KBRS GE, 1 KK) ORBOROEBHICE D %

S, T, E{BEMOBEERLET. %&b, KPIEOo—IFi 920 H AR - AMELks (W53
ESH, REM) KBwTRE L.
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