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The influences of saccharides on hardening and water mobility of wheat starch gels stored at 2°C
have been investigated. Hardening process of saccharides-supplemented gels could be separated
into the four regions similarly to the control gel. In the region I, the creep compliance of the gels
decreased exponentially with increasing storage period from the beginning of storage to several
hours. In the following several hours, the compliance showed approximately a flat or slow increasing
or decreasing change (region 1I). In the region 111, the value decreased exponentially on the trend
which was assumed the initial value extended. Finally, the compliance continued with decreasing
more slowly (region IV). Except for p-ribose-added gel, no great differences were recognized among
the initial creep compliance (Jy) of saccharides-supplemented gels in the region I, and the compliances
were smaller than the value of the control gel. However, p-ribose-added gel showed the same strain
with the stress of which was about 60% in the other gels. Hardening rate constants (k, for the region
I, km for the region III) of gels added with p-ribose, maltose, trehalose, sucrose, maltose, and
malto-oligosaccharides (major components were maltose and maltotriose, or maltolriose) were
smaller than the control gel. On the other hand, p-fruclose, p-galactose, melibiose increased the
hardening rate compared to the conirol gel. Gel-stabilizing effect of disaccharides and
oligosaccharides would be dependent on both constituent monosaccharides and glucosidic linkages in
these melecules. The mobility of water in starch gels was inferred from measurements of apparent
transverse relaxation time T; using "O-NMR techniques. The decreasing ratio of T; to Lhe initial T,
with storage was larger in order of maltose-added gel<trehalose-added gel<sucrose-added gel<

PRy A -tk ERBOECDY OF 28 (W SRR 12)
*EHRESTHRERE v - (T45] ALBEHEREESE 2-1-1)
= AECYRYE (Ti68 EHBHEAKEED 1-501)

= B, £ RAISE S (T466 £ NBRITHEE L EE 1-12)

s BTICERSR (T020 BFRUERIT EM 3-18-8)

—f2—



HFH&RELERlE BUE BHIS

19974 2 H

conirol gel< melibiose-added gel.

The saccharides which reduced the hardening rate, resulted in a

decrease in water mobility in the non-stored gel, and in a inhibition of progressive decrease in water

mobility with the elapse of storage period.
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Table 1 Saccharides supplemented to wheat starch gel
Saccharides Grade*? Provider® Moisture (%)
L-Arabinose GR 1) 0.1(v)
p-Ribose GR 2) 0.0 (k)
o-Xylose GR 3) 0.1 (v}
p-Fructose GR 3) 0.1(v)
p-Galactlose GR 1) 0.4 (v)
p-Glucose GR 1) 0.1(v}
Maltose GR 1) 5.1 (k)
Melibiose GR 2) 1.2 ({v)
Sucrose GR 1) 0.0 {v)
Trehalose GR 2) 8.6 (k)
Isomalturose CP 4) 4.9 (k)
Malto-oligosaccharides A powder® cP 3 3.3 (k)
Malto-oligosaccharides B syrup®! CF B) 33.2 (v}
Maltoiriose syrup™ TP 7) 27.9(v)
Maltotetraose syrup® CP 8) 25.3 (v)
Isomalto-oligosaccharides syrup®! CP 9) 23.6 (v)

*! Saccharide compositions are shown
abbreviated as [ollows; Mallo-oligosaccharides A powder, A

in Table 2. These oligosaccharides are

powder ; Malto-

oligosaccharides B syrup, B syrup: Maltotriose syrup, Tri syrup; Maltetetracse
syrup, Tetra syrup ; Isomalto-oligosaccharides syrup, Iso syrup.

*2 GR, guaranteed reagent ; CP, commercial product ; TP, trial product,

*3 1), Nacalai-Tasque Co. Ltd.;2), Wako-Chemical Co. Lid.; 3}, Katayama-Chemical
Co., Ltd. ; 4), Mitsui Seito Co., Ltd.; 5), Sanwa Denpun Kogyo Co., Lid. ; 6}, Nikken
Chemical Co., Ltd. ; 7)., Nihon Shokuhin Kako Co., Ltd. ; 8), Hayashibara Co., Ltd. ; 9),

Showa Sangyo Co., Lid.

“ v, vacuum drying method ; k, KARLFISCHER's method.

T MR BB OILRENHT 5 B TEREEHN
{24 TROBEEZETHME & 5 —WLo &2k
DEHIEELL. Fibs, RBEEKSOER £
B (BREM) TS Ao L T, BED
FATIRE5C IEL, IRBFM%E 25~5 oM T
HEELE Bohis i 20C OERKNPT 155
sl L iz, & 6K 2T OofEE/KEbTES LER
EolEEN (PG-2G R, #44 = 2~ & (1), MEN
W) ATETERMEY I L T 1

3. JUu—-7ER

T RO N ERRICLTIT~ 1. Tiihs5,
MEMNMZ IR L2 v 200 ofEil Kl 5 5
ERE L TEEESEL &, BEREMcHOHLT
128 ¢mm = 10 mm ORI UiE L, B8 ook
OHEBESILT M RESIKWC D) a3 vd AN
(B ) o v KF-96 L-065 CS, {EE{b4:(B)BY) thiz

LA

7 =7, TARS—200gf Do — FEAs
LUFMHR TS w2 e — (16¢dmm) SIEW L -HEE
- FERILA A — % (Lt+— RE3305 %, (BT
W) EAVWTIT= BEE, WCoxaytdns
ELTHEHECESELERBF + »s*—+ 5 + (TE-
3305-4 B, (HOILBR) ML tlEbcsi AR
s 0K ERESIET 3 L RcBREEESTS .
fhls, 7Ivde—LHHLMEMTILAETHEH
HEBBEE, K 10mm/s 0ETHEHEOTELE
oFEEREA o REREcing, 300 BMETEEZD
ABtidfz. ik, HER S EFTEEEEBEREEE R
¥, MEF-yOMBREMXATFTHE I L 2WIELE,

7 Y — 7RO TR BV TRERKSH O
PR ny MREREN] L ISR S 0T, B O RE
Pz 2 MENMORERLE T2l a0,

_Ed_



HEEEMFT¥*EE BUE B2H

19974E 2 A

Table 2 Saccharide compositions of commercial oligosaccharides

Saccharide composition % (w/w)*

Oligosaccharides
DP*1 DP2 DP3 DP4 DP & DP 6 DP7 DP 8-DP 14 DP 15
A powder”! 23  35.0 456 0.8 3.6 9.2 3.5(DP7s)
B syrup* 7.3 12.1  12.9 6.8 11.2 9.1 4.4 3.0-1.2 (each) 21.7 (DP153)
Tri syrup® 0.3 3.0 85 32 1.1 4.9 5.0(DP7s) '
Tetra syrup® 2.6 6.7 10.4 T1.0 9.3(DP5=)
Iso syrup® 4.3 47.9" 25.7*°* 14.5 5.3 1.2 0.0 0.1
*! See Table 1.
*2On dry saccharide basis.
* Degree of polymerization of glucose.
* Maltose 10.9%, Kojibiose 7.5% and Isomaltose 29.5%.
** Maltotriose 0.7%, Pannose 16.0% and Isomaltolriose 10.0%.
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Fig. 1 Changes in creep compliance of wheat

starch gels containing monosaccharides
with storage period

Wheat starch gels were prepared from 20.6%
wheat starch, 14.4% sugar and 65.0% distilled
water. Control gels were prepared from
24.1% wheat starch and 75.9% distilled water.
Gels were stored in test tubes (12.8 ¢mm X 100
mm) at 2°C and were cut into eylindrical
form (128 ¢mm X 10 mm). Creep measure-
ments were carried oul under uniaxial
compression for 3005, Error bars represent
standard deviation.

A), Control ; B), n-Ribose ; C), p-Glucose ; D),
p-Fructose,
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Fig. 2 Changes in creep compliance of wheat

starch gels containing disaccharides
and oligosaccharides with storage
period
A), Sucrose: B), Maltose ; C), Trehalose ; D),
Tri syrup (see Table 1).
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Table 3 Pass times of each region of gel hardening during

slorage at 2°C
Pass lime (h)
Saccharides Region I Region 0 Region M

Without (Control*') 3 1 9.5
L-Arabinose 8 3 5
p-Ribose 6 2.5 6.5
p-Xylose 8 i -
p-Fructose 8 3 5
p-Galaclose 6 2.5 6.5
p-Glucose 8 3 ]
Maltose 8 5 15
Melibiose 8 3 2.5
Sucrose g 3.5 &
Trehalose 8 2 10
Isomalturose 8 3 5.5
A powder*? 8 £ 15

B syrup® 5 — —_—
Tri syrup"® 8 2 6.25
Tetra syrup™ 6 3 8.5
Iso syrup* 6 6 7.5

*' Control gels were prepared [rom 24.1% wheat starch and 75.9%

distilled waler.
*2 Cee Table 1.

HEohbatz, FREcErRELPT a1
COREELTE, BHOSECRESAEEEE AN
M, -4 vo—-REEMLLEERERBOT i 0
SLpip- FNI=ZAPRIo—-ARLYEENLLES
EHELTREL{REZC L ML TWE LED
hi,

siEm sy A0 2 Mz WA ER (k,,
kg) £ Fig. 4 Ll TPt w b —2%EmMLIY
AT, k Mp- ) H—-z2FENrv<o- >
o= RN AEL- T 5 €/ — NS A< B0,
kg 2 p- U H = AFEMS AS<HBY V<L-T S5/ -
ZEmMy LolfiicRE LD, SR BLUHEDICE
WThD- U H—ZEMY 2 EFL { E{EMED - 12,
—H, ~FV=ZREEMLAS LTI, D- 02— 2R
My L<lyv<p- 7407 F—AENYVv=D- H 5
g b= ZBMyr O k, HREL, WHErAv<D- ¥
T =B ASD- 78 F— AN v<D- T
7 k= ZiEMy AONIE kg WAER -, THDS,
D-H54 b=—R&p- 707 b—2d, T &KDT

EEWTHLER LMy AL b NS 1,
“WEEMLAS AT, ky B oo = RENY
L2 b— 2N S 2o - 2B vEd v
WF e o— BN <Y LS A Y Ed—-RENY
LOMcKZEL, ke e AP =RFEMY V< L
o —AEMAr <Ay o—RBMr v v Fa
o — ZFEINA < < 2 1) A — ZERIY A ONR
KKEhat, bbb, 2V EF-2EM{BOTN
2, @ikl S DIcEVCTIEEEEHE L 2D b
FEETFsd: 29F0p- FAa3—-2fa-(1—4)
Fraviiglizsar=2L, a-(1=)a o
FEaLE L D=2, BEUD- FA2—-RED-7
vy b—REMa-(1-2) fXvo v FESLERY
o—2 &, a-(l—6) FraxiFEslLldvyTLFa
o—A2%ThENEMLAY vOB{LEREHETS
&, MEREHBEAE—T b 2o v FEESHAE MR L T
FoBEicad ISR ERIL -, £/, -5
Frh=—REp-FNa=2LMa-(1—6) ¥~ FE
HLTWwWEAVEA -, D-H57b—2PD-F



PERE Y L ORI H 5 BOMEIfER

Saccharides
Without 1
L-Arabinose ]
p-FRiboge ———
p-Aylose ]
o-Fructose ]
p=Galactose ]
p=-Glucose ]
Maltose ]
Melibiose 1
Sucrose 1
Trehalose —
Isomaturose —1
A powder s ]
B syrup= ]
Tri syup « I
Tetra syrup « ]
Iso 5ymp.,|mj_u
=4.2 —4.4 =4.6
logJa (Pa™)
Initial creep compliance values (Ju) of
wheat starch gels in the region I

The compliances were calculated by first-
order equation (3).
* See Table 1.

Fig. 3
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Fig. 4 The hardening rate constants (ki, kg)
of wheat starch gels in the regions [
and M

The regions 0 and W in gel-hardening
process for p-xylose and B syrup-supple-
mented gels could not be separated.

* See Table 1.

[l k¢ for the region 1 ;| k= for the
region Iil.
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Fig.5 Changes of relative transverse relaxa-
tion time of "0

The transverse relaxation time (Ts) was
expressed as relative value to the initial
value. Gels were stored at 2°C. @, control ;
(. gel containing maltose ; A, gel contlaining
trehalose ; W, gel containing sucrose ;: [, gel
containing melibiose. The initial T for the
five gels was: control, 1.95 ms : maltose, 1.67
ms ; trehalose, 1.61 ms ; sucrose, 1.65 ms ;
melibiose, 1,65 ms, respectively.
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