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Relationship between Heat-Softening Characteristics of Vegetabels and Starch

Ryuichi Inoue

With increasing in the aging people, the demand for soft care food is increasing, and its market is expected to
continue to expand in the future. Heating is one of the methods that softens foods. However, it cannot soften food to
the level of care food. In this study, we describe the hardness of 16 kinds of vegetables after heating at 121°C and the
relationship between the hardness and starch content.

After heating for 33 min, many vegetables were softened to the hardness level of care foods (2 x 104N/ni). However,
Burdock, Lotus root, and Bamboo shoot maintained a high level of hardness. Therefore, these three vegetables were
considered difficult to soften by heating.

The component that was related to the hardness of the vegetables after heating was considered to affect the heat-
softening characteristics of vegetables. To study the relationship between heat-softening characteristics and starch,
the three root vegetables, after heating at 121°C, were treated with a starch-degrading enzyme (SDE). Burdock and
Carrot were not softened by SDE, but Lotus root was softened by 50%. Examination of the polysaccharide content
in Lotus root indicated that 50% starch remained after treatment with SDE. Lotus root were only softened by 20%
after polygalacturonase treatment. In conclusion, our study suggests that starch is related to the heat-softening

characteristics of Lotus root.

Key words: vegetables, root vegetables, lotus root, heating, softening, enzyme, starch, pectin

I. 58 -889

EROBRLICHED, NEEROBEIEE>TVL5.
FRICHER - HBA#EZABROBEOHBUOPEETH O,
SBROLTEPIEAT 2 EATFHEENATLSY,

NEEMHITIE, TZN—HLFHFA > 7—F (UDF)?
ZEDEREEDREICEDE TR ENHBASEEL
THEY, ZNOHBICEPR LA —H—1, BEDENTY
HEICADE TRAROBS ZHFHELTWV5S.

BRERILSESAHED 1 DELTIR, REEZ#ER:
L ML NLEPHVWSNTWAD, UDFO [FTHO5E
%] HESE THILS B 258, ML TIEBARMEDIT £
THILSE2 2 LD HELVWARBEET 5.

ZZT, AMRTRENEELMED LT 2720, L
L MR Z 1T 5 7 B REEROMILOBE 2Nz, 72,
L ML MUEZOBFEOE S ICIXEREM O ZEOB 5
FEENEZENS, BRICETNIBHED 1 OTH S
FULICER L, REOMBERICYE & OBRZE AN
BIIOWTHET 5.
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1. KB

1-1. ERBREEM

AERAS I ar Ay 7 (LS115-200T : &% 225 ml)
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2. EBRAE
2-1. BSEAERDHRY Y FILOREAR

=V, LAy, hT7, YA E, IR, L¥
Iy, ¥vAFIIRIRBICHERLL.

MEEKALHEEHERE O Y > PN, IRY, TAINSTH
A, FavYRFES I5mm Iy, LYyavidES
1I5mm OFEIchHY b, =Py, ¥A4ay, h7, ¥
VYA E, ¥4, Javya)—F15mmAICHY b
LIERALZ. FyXY, NTH A, FIxFIZONTIE
50 X 50mm 12, =F1&50mmigic, €—<icoWn
T 5mm oMY VIcHy b UTHEMLZ.
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DI AR RIEERGLE Uiz (7 R8T H AR Z&T).
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Starch Degradation Enzyme : SDE &#9 5. EBEEL
L, #EEEREY 2HOTY Y PVARICEER 2128
SH 7, 40C 24 BREIRIG L TIT - 2. B &=RE
&, —20CT—MRBBE LY > 7L 20g % 100 ml DEE
RGBT U721, BERRIGRICRELRET—
98 kPa—30 7R L, WHERML TiT- 7.
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MEIEB X ORI L 7= > 7L % S8 IRE 10
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AIS 7 5 DZFED 7 E X, Scheme. 1 I1IRT FIETHT
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i# (Thermo Fisher Scientific #) #f\7z. fiHEET
&, U FN05gHEEL23g2ABKTINORL
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M 247> 7. KOHE I, 2EE Y T BTHAIL
7. FELEESHEE L0 —ABRF 2 —TICANT
MilliQ /K T#EMT L7z 8%, WUERME L2, BREY %2 MilliQ
KT5mIICARAT Y U, 4R HEOZHEED %57,

| MilliQ /K& 15 ml, iR 10 53t X6

KB 7Y IKANTE L 7>
(WSP)

ANFYRTY VR

EMEE 7 (HXP) AETEE 7Y

ANFHYRXETY

| 0.5% ~NFH XY VEEK 15 ml, B 10 2RHE x6

| 0.05M #iE49 15 ml, 80°C 10 it X6

SRRV L 5
(ASP)

SRR ANTE TR 7Y

4 MKEg{EAH Y 7 2 (KOH) 30 ml
Wid, 1 REfRE S i X2

KOH &7y

KOH ANAEE 77

Scheme 1. ZBED 3 HEFIE

2-6. SHEOFEERDHT
2-6-1. FIMEE

B XER VK RS & O BRI 2 L 72,

BEMK 3R, SBOSM MY 7L A ofE#E %N,
100C -3 B RIE LT > 72, > FIL2BIERZE L 72
%, 2- 708 —VEMZS SICHEGZE L7z, GZEY)
ICMIlliQ/K 10 ul 2%, ERSEE OEY Y SILE
L7

HI7varBBLOFa—21E, ERAETIIDME
LENTE R W0, N6 2S5O
RN E Wz, BRORIE, 8 L7 ZEER 150 ul,
02MEEER#E & WK (pH 4.2) 50 pl, 2 £% 4 R Pectinex
Ultra SP-L (Novozyme #) BEZiK 50 ul ZEE& LT
Bl -BERIGHKZ, 35C, 48RRI SE TIT- 7.
KTl BEMAT 52 & THERISZEIES H,
WY > L& L.

B (LALIER O > )L, PERIE#EE LT 100 ug ®
2-TAF T NIA—-AZGRFMULI4, Glyscope ABEE
Labeling Kit (J- # AL ILAH) Z2HNT4-T7I )R

BEBRIFVIATII (ABEE) #FHEALL.

2-6-2. HPLC 71

HOLMHIEE RF-10 (B@8UEfS) ks hi LC-
20A (BEBUERE) ToathEiT-7:. 515 413 Xbridge
Cl18 (4. 6 x 150 mm, ¢ 5um, Waters #) 2, 0.2
MATEBAY) 7 LEER (pH 89) &7k r=1MY L%
03: 7 CRALLZ-BHEAR, WE Il ml/mndA V7S5
T4V THU. =7 ViEEIZ40C, AR5l
&L, #otml (B E 305 nm, MHFEER 360 nm)
&0, BEEREZHIE L.
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1. SEHFRONMBER{LE

100C -5 %3/, 121°C -12 43/, 121°C -33 4rEhn#
L7, SEHEOBS2R1IRLE. 16 MOBHE
DH5, OfIZ [HFTHEOES] HYED LEFNITEWN
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K1 MAWEICEA2EHFROWS OZE{L
S (X 10°N/m?)
100 C-5 43 121°C—-12 73/ 121 °C—-33 77
= IV 62.4 £ 3.1 3.2 0.1 4.1 +£0.1
e e 84.7 £ 4.5 2.0 £ 0.1 29 £ 0.1
h7 304 £ 29 1.0x0 1.2 £ 0.1
MREEH
"YY< A E 9.1 £1.0 3.0+0.2 4.4 + 0.6
IR 21.0 £ 25 11.3 £ 2.1 11.3£29
v>ay - 145 + 3.0 6.5 £ 0.7
T AINTH A 24.0 £ 0.9 1.2 £0.1 1.6 £ 0.2
Y ) 842 £7.3 78.7 £ 8.1 53.0 £ 54
Juyay— 66.5 + 3.6 2.6 £0.2 23+04
Iy XY - 1.3+04 2.0 £0.9
B
L&A - 3.1+1.6 1.3+0.4
INTH A — 49+19 46 1.6
Y7 F - 1.2+05 1.0 £ 0.5
=7 - 1.0+ 04 1.1 £ 0.5
¥—< - 1.8 £ 0.6 1.7 £ 0.6
S|
Fav 87.7 £ 8.7 48 £ 0.6 32+04

Lvray, BEEONI YA, BEHEOF27VIIO0T
&, 5X 10'N/mMURNETHIL LA, [ETOHE 5]
HYOWS OWERBETH S 2 X 10°N/mBLURIzIdF|
ELTWhahol. 72720, ¥YTAEIIOVTIE, FiE
REE T L FHfi S N2, EBRERS AN T Eh
5, MEMNICETHDICOAES b0 EEbNT. iz,
NTHAIZONTIERD, Fa27 VIOV TIZES#®IEL
BN ENRERTHHEEZ SN, 121TC -33 7D
MELIE 217> THRFEFEO TR 71X 10 X 10°N/mi L
E, Mt V>yarvid 65 x 10°N/mi, BEEEOY 7 )
2150 X 10°N/mbl Lo S 2/ LTHBD, hb 3
MOFEIMATIHIL LEWHEETH S EEZ 5N,

2. NIBIBEDIRREDOES &7V TV DRk

IRy, Lryay, =YL T SDE L E{T -
TRERER A4 BLUOKR2I1IRT. 121C -33 SrMENEE
(Control) @ ITXR™, =2 OWEE P HIIED MEERAL
HFEOKREENALNTD, Yooy vHER
570, EEBONTYIPHEL-EEZO6N5.

SDE MU 21T - 7G58, IR, = I Ui, kL
BT, Lyavidd9%mib L. 2o Fun
LEMEESE L, TNZNOEDOREMRE RN ERE
RIITRT.

i 8

VIOV TIE, TUYTYOBBEETH S
Glc 547 <

, TORICREGEHBRESN P T:.

¥ [HETORES] HAOWMERME : 2 X 10°N/m?

— BT, L>a > ®ASPHESF D ZEIZIEGleH
20mg/g DW&ENn T, SDEAHEICK->TGlc&E
£ 50% A L7z (F3). SDE AL 5 Tld WSP H43 D
Glc BB X O Glc BOBD PSRN TEY, o
SN T VT UHFRO Gle BKBHE S ICBE, &LL<
WERMERICBHL-EBEZ 6N, 2oZers, K
REEOMHMHEMICBWT, ASPES® Glc 37> 7 H
RTHBEFEEINZ. L2 D ASP HESYICIEZ, SDE
WMHEBBRKS50% DT > T BRIEL TWSAEEED H
5.

mControl
m SDEALEE

B (x10* N/m2)
~

N
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d/R
R4 121°CMENLIESOREREOESIINT S
TS U fEEER (SDE) O
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K2 121CHNELFEBOZEBEOE S 12T 5
T U fEEER (SDE) AME DR

Cont SDE 3

s Ly 4.2 +0.8 4.0+ 0.5

Lray 6.5 0.7 3.3*+0.5
— TV 1.3 0.2 1.2 £04

&3 121CELEZROBREIRE O ZHEREEKICNT 27 > 7 ofFER (SDE) L OME

BALEIE AR 1 g 720 (mg/g dryweight)

GalA Gal Glc Ara Xyl Rha
WSP 15.9 4.0 0.0 7.7 0.2 1.7
HXP 53.8 1.4 0.4 3.7 0.0 1.3
cont ASP 34.6 3.2 0.5 11.0 0.2 2.2
KOH 5.1 3.5 3.9 5.2 6.7 1.1
e Total 109.4 12.1 4.8 27.6 7.1 6.3
WSP 18.5 4.2 0.6 8.2 0.3 2.0
HXP 52.5 1.7 0.7 4.6 0.0 1.7
SDE A3 ASP 32.0 2.8 0.4 9.4 0.2 2.3
KOH 3.4 3.0 3.8 4.1 7.9 1.0
Total 106.4 11.7 5.5 26.3 8.5 6.9
WSP 0.5 0.4 3.7 0.1 - -
HXP 4.6 0.2 2.4 0.1 - -
cont ASP - 2.3 19.7 - - -
KOH 0.4 1.5 2.5 0.3 2.6 0.1
Lyay Total 5.5 4.4 28.3 0.5 2.6 0.1
WSP 1.4 0.9 8.3 0.3 - -
HXP 7.1 0.2 2.4 0.1 - -
SDE A3 ASP 0.1 1.5 10.5 - - -
KOH 0.3 1.8 2.5 0.2 2.5 -
Total 8.9 4.4 23.7 0.6 2.5 0.0
WSP 24.1 9.5 0.7 6.7 0.1 2.9
HXP 64.1 3.6 0.2 3.0 0.1 2.5
cont ASP 36.2 3.7 0.3 4.6 0.1 2.7
KOH 5.7 8.4 6.1 4.9 15.2 2.3
R Total 130.2 25.3 7.4 19.3 15.5 10.4
- WSP 28.6 8.7 0.3 6.6 0.1 3.0
HXP 59.8 2.6 0.2 2.2 0.0 2.1
SDE A3 ASP 40.3 5.9 1.4 6.9 0.1 3.2
KOH 4.9 8.8 6.1 5.0 16.9 2.3
Total 133.6 25.9 8.0 20.7 17. 1 10.6

— R
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BESICEHET 2 EEZONLZOMOBIEE LTI, R
sFUFEZONEY. 2T, MAMEEZEOL YLD
BT 2 RIF LV OBE 2N 120, RTF VDR
B (PGase) AT 24ER, BLIZH 20%i1c& &
o7z (B5). BERAEF%OSMEE S OREHRK % L
3% &, HXP B XU ASP E D GalA 4% 70% 5D
LTBY, REpEIs@ashizEZ2ons (R4).

25
20
15
10

S (x104 N/m?)

5

0
cont PGase

®5 121CMELEZOL I OB EIINT S
Ry F ofRBER (PGase) WHEDF

R4 121N RO L > 3 > O ZHERERBN T 5T F 3 EEE#R (PGase) WD

HAEHIEMAR 1 g H720 (mg/g dryweight)

GalA Gal Glc Ara Xyl Rha
WSP 0.9 0.6 10.6 0.2 0.1 0.1
HXP 6.2 0.2 4.2 0.1 - -
cont ASP 1.9 2.2 359.5 - - -
KOH 0.3 0.7 52.7 0.4 3.9 0.3
Total 9.3 3.8 427.0 0.8 4.1 0.4
WSP 1.7 0.8 6.7 0.2 0.1 0.2
HXP 2.1 0.2 3.5 0.1 - -
SDE L3 ASP 0.5 1.9 380.2 - - -
KOH 0.2 1.9 82.5 0.4 4.6 0.3
Total 4.5 4.8 472.9 0.7 4.7 0.4
— R
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WD VI UENRIZ, Ty UaRESE (SDE) AW
T RFEoMEERLE & 7> 7Y OGN, IR,
— YV SDE E TELE T, SHEOREMERLELL
TWEWZ ERS, BTy ridBESE L TwEneEE
ZbNt. —HT, L3 id SDE W TH 50% K1k
L, ASP 51X Glc 2% 50%5%17E LT\ 7z, B R
MARELZEL YTV OEEBD S0% U ENT TV TH
D, ZoOMOZHEICEENS Glc BIZ 4% RTHBED
WEEhTWEY Z&ns, KkBRICBT 5 ASP B IC

Ab6ND. £z, BSICBHETHZHEE LTI F UHZE
Fonsss, MEBMEROL Y VIERTF VEEONR
T 20%FBEDOBILICE EF > T .

DlEZzEE z2, 121CHNENEROL > I OESICHE
E33FERPET S oTHY, T LYaArD
MBEALEICHE L TWA I ENTRBIN. 2581355
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