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The Effects of Taste Substances on the Physical Properties

of Corn Starch Pastes. IV. Bitter (Caffeine)
and Umami (Sodium L-Glutamate) Seasonings
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(Madoka Hirashima) (Rheo Takahashi) (Katsuyoshi Nishinari)

The effects of caffeine and sodium L-glutamate (MSG) on the rheological properties of corn starch
paste samples (3.00wt%) were studied by steady and dynamic viscoelasticity, DSC measurements,
and microscopic observation. The concentrations of caffeine and MSG were varied in the respective
ranges of 0 and 2.3wt% and between (0 and 18wt%. The viscosity of the paste samples was not
affected by adding caffeine when the concentration was below 1.8 wt%, but was increased by adding
caffeine above 1.8 wt%. Excessive caffeine (above 2.6wt%) led to the aggregation of caffeine. There
was no interaction between corn starch and caffeine. The viscosity of the paste samples was also not
affected by adding MSG when the concentration was below 9wt%, but was decreased by adding MSG
above 9wt%. The gelatinization temperature of starch with MSG was increased with increasing MSG
concentration, while the gelatinization enthalpy was increased with increasing MSG concentration up
to 9wt%, but was decreased with increasing MSG concentration above 9wt%. It is concluded that
MSG inhibited the swelling of the starch granules and then led to the precipitation of starch when
excessively added (above 20wt%).
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Fig. 1. Shear viscosity of 3 wt% corn
starch pastes with or without
caffeine. Caffeine concentrations
were; 0 (control), 0.092, 0.46,
0.92, 1.8 and 2.3 wt%. Measure-
ments were made at 25.0°C.
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Fig. 2. Caffeine concentration depen-
dence of shear viscosity 7, 7w
and 70 for 3 wt% corn starch
pastes at the shear rates of 1, 10
and 100s™!, respectively. Mea-
surements were made at 25.0°C.
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Frequency dependence of G’ and G” for 3 wt% corn starch paste with or without caffeine.

Caffeine concentrations were A : 0 (control), 0.069 and 1.8 wt%, B: control and 2.3 wt%.
The strain for samples with 0 (control), 0.069, 1.8 and 2.3 wt% caffeine concentrations,
was 30, 20, 15 and 15%, respectively. Measurements were made at 25.0°C.
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Fig. 4. Frequency dependence of G’ (A) and G” (B) for 3 wt% corn starch paste with or without

caffeine. Caffeine concentrations were 0 (control),

0.069, 0.092, 0.92 and 2.3 wt%. The

strain for samples with 0 (control), 0.069, 0.092, 0.92 and 2.3 wt% caffeine concentra-
tions, was 30, 20, 20 15 and 15%, respectively. Measurements were made at 25.0°C.
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Frequency dependence of
dynamic viscosity for 3 wt%
corn starch paste with or without
caffeine. Caffeine concentrations
were; 0 (control), 0.069, 0.092,
0.92 and 2.3 wt%. The strain for
samples with 0 (control), 0.069,
0.092, 0.92 and 2.3 wt% caffeine
concentrations, was 30, 20, 20,
15 and 15%, respectively. Mea-
surements were made at 25.0°C.
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Fig. 6. Sodium L-glutamate concentra-

tion dependence of shear viscos-
ity 71, 710 and 7100 of 3 wt% corn
starch pastes at the shear rates
of 1, 10 and 100s™}, respectively.
Measurements were made at
25.0°C.

LR, TN a—ZEPIBEAEBEHL W 28
D& & 1172 (Fig. 8) , MSG IimEE ORI BRIz B
BB S a BRRINRB O L D T Y
A, L a LIRS ) MSG I RIBGOBE RS
5L B E Iz, RIEBEIC LS T
ORERIMIBZ ST wdbnEFE2z N5, LrL,
MSG & > a ¥ & ) i o bic WELKEEH

140 20
120
o0
1097 =}
o =
-~ 80 15 E
e~ —~
60 E
40
20 + T T T 10
0 10 20 30 40 50
o,
C./wi%
Fig. 7. Effects of sodium L-glutamate (MSG)

on the gelatinization temperature and
enthalpy for 3 wt% corn starch. 7o:
onset temperature, 7p: peak tempera-
ture, 7¢': conclusion temperature for
amylopectin gelatinization, 7¢: con-
clusion temperature for amylose-lipid
complex disintegration, AT : gelatin-
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Microscopic photographs of starch granules
of 3 wt% corn starch dispersions with or
without sodium L - glutamate. Image size is
390 um X 725 pum. Pictures were taken at
ambient temperature.
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Frequency dependence of
dynamic viscosity for 3 wt%
corn starch paste with or without
sodium L-glutamate (MSG).
MSG concentrations were 0 (con-
trol), 4.5, 9 and 18 wt%. The
strain for samples with 0 (con-
trol), 0.9, 4.5, 9 and 18 wt%
MSG concentrations, is 30, 20,
20, 40, and 80%, respectively.
Measurements were made at
25.0°C.
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Fig.10. Differences between shear vis-

cosity and dynamic viscosity at
the shear rate 50s™' and the
frequency 50rad-s™ of 3 wt%
corn starch pastes. Solid and
dashed lines represent 7s0 and
| 7*|se for pastes to which
caffeine was added before

gelatinization, respectively.

Circle and square symbols
denote 750 and | 7* s for pastes
to which caffeine was added
after gelatinization, respective-
ly. Measurements were done at
25.0°C.
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Fig. 11. Differences between shear vis-
cosity and dynamic viscosity at
the shear rate 50s™ and the
frequency 50rad-s™ of 3 wt%
corn starch pastes. Solid and
dashed lines represent 7s0 and
| 7*|s0 for pastes to which sodium
L-glutamate (MSG) was added
before gelatinization,
tively. Circle and square sym-
bols denote 7s0 and |7*|so for
pastes to which MSG was added
after gelatinization, respective-
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ly. Measurements were done at
25.0°C.

Co DRI BT 2B L, 2D Co OBEINIC
PRV L 72, MSG IS 5 VW T LRI | 7% |50 <
750 &8 o120 72, MSG # MBARICEINL 72 750 8 &
U‘“| 77*|50 FHEMERID L D EHNRTKREL LN, Co D
BRI L 72, L7225 T, MSG % #I#iic 7
T HYAITIE, MBI MSG 2L 72 & 2D F A
INENEDLA KE) 2861500 EFEZ LI,
3. FLHLRE

BL1HD S 4B h2 0, FHS I3 ERWED B
WD F kG5, BRI RIT B DWW ORES
LC&R, BICiZa—28—F2Hw, ZDRE
13 3.00wt% & L7z, RV O TIN5 Bk Rl o kG BE

B 25252 LI3E LML NTW B2, AAF
FeCIE, A HETEA X 15 ERWE OWINEE
IZFR &3, TTEEZCRR 0 v Isni BEEE PRI D v TG
T5Z 8T, BN EERWEOHEAERICOWTD
H—aE@ e BigL 72, 72, ERWEOBMO S A
U7 EEL, BMBETERMBRICERIML 72 & & 0Bk
BRI OREEE % b et L 72, 7 = BB & UBER (B

ITERWENOR

(5 4 )

) AMEEY 123, A& (3.8<pH<5.3) TIZHEEHI
ORI o> be— LD RELC o720y, BHEL
Thn (pH<3.5) Tld 7L 32— Z8EDIK R L D 2%
LWHSEDNE T #EZ 5 2 tﬁ‘b?ﬁ‘ﬂ 720 TDLS %
DT 3B o - % (ki) ik
REHMT 52 & THHIT B 2 tﬁ*"(‘% 72o vakE (H

)%(%"bul,t EAYIZIE, v aWED D 2 LEBHEID

DI Fediz, EARMICIE S o OB B

m*ﬁf‘g‘%iﬁ“bﬂ?t‘é@% Wh-otz, LL, Hﬂﬂﬁﬁﬁ z
VakERBIML 28AIclE, v a EEED 20wt T
BROKEEE 00, 2Nl EodFamc L), &
M OBERENRIZ R E CIRA L7, Z Ui oMbz
VL K E S a i) e eEZ 6Nl 2D
MENET IR s W2 RINT 52 & TET 5
ZENTE R, A (W) 2RMBRTCEmL 2540
IR DR E |3 AR TR I8 BE 12 3 L Al TR I
L 72, Z1d Nat & CI™ 25k TR BT 5
AA D RT U 2 EBTRER, BORTOBLEIRED
LVIEHETLEHTH B b - 72, Biibitic
ERWERTRML 250 EES B LN 5 Z i
RIBICOWTCIL R TH 72, 724> (E?"?Ti)
FOMSG (9 FBR) I2DWTiE, ARICEET BN T
»5,

INLITXRTCOERELZERT L L, ¥ a 20wty
D X 5z, B oRMbEnc@mmL 280k H
BRI TFOBEZIRET 5 72612, B OFFOBERER)
RULEDOMEGRLNBH0 7 24 2L 7255
BDE I ITHIRICEERL 52 LWBlL B - 72ds, L
< & LB OIKNR 2 W T oI Z BB O b
ICEKRWEZRMT 213 ) 0HFNTH LI Ehbhro
7o L L, HIZIFRBBEHEAL Y, BERLY
LUPLAZANX—HEWMEELHIE L TG 2R H
T HGAICIE, BEWRWHE B oMLETICEIL 7275
WEMTHDLEEZLND,

REFZETIE, BRI AL L 2 W IR EE IR %
RELT, 3.00wt% &\ (K EE O Bk o 3 REE
ERET L7225, FOHRTELNZVA D —1Y - 2
PSRBT B3 1.5wt% < Bk i <4.0wt%
DWEFHH (1.3wtB<BH o EERE<IS
wWt%) I2H BRIRIC OV GEATEETH D EE2 LN
B0, INERKT 5 &) HEBEOBR R TIE, B
kLR, Zva— 28K, L TR —7 13
— Z S DMHEVERD S Sk B eolc, Bl
FINDERFEIC KT T ERWEOMEEZRFTT 52 &
I3ES TiE DY, B EROLENERED IS 5

(63) 63



HAHER LR

FINZHLPICTEIEIBETH D, ZOTEI
BWTBBICHIPLELZL )V EDOREEL T
I3, BEDERWHE TR ORI R T RED
REIDBIF LN, FEHELIZINSLDREICOWTH
FERERTH B,

L

72 ABLUOTNVE I B ) 74 (MSG)
EWML72a—v 28 —FMEDOV Fav—8 L U
ROREME & B0 - BhAOREREMERIE, DSC JIES & OB
SEHBICI ORI L72o 7 7 = 4 >~ TR ORI,
A7 A CEBRMTLIEICLOEELZIT T E
Whdrolz, L, @F 724> E8m2.6wt%
UE) TaAa7x24>0ErRY), ToBes
FTH 724 BELSWY ULENBEMTIEHTH
ICKEE DB A A b L7z, MSG BB OKE L 7
7z A CERE MSGodImz L NI LA HELZ
Tz b o7z, Lo L, MSG RINEE 9wt%
PLETHEEE I MSG B E DB EV A L, 20wt%
Vb TBm B L 72, 2 E Y, MSG 135 0 g
BIUHHEZ2IET 22 bbb - 72,
AFFREATIICHY, BR2REL W2 EE
L 72 Zf0k LA RS, HERLAAERSREAIR AL
HBhEk, *72, DSCHRIEIC SH w2 & L2k
BRI SR RSB TR FE R o B B AR S A 1 I 72
LET,

X ®
1) FEHM, S, FERBET(2003), BERIOEREMEIC

BT T ERWE OB (55 1) Bk (7 =8

B L UEERR), HAFIHERIEATE 36, 225-233,

M. Hirashima, R. Takahashi and K. Nishinari,
Effects of citric acid on the viscoelasticity of corn-
starch pastes, J. Agric. Food Sci. #%a

M. Hirashima, R. Takahashi and K. Nishinari,
Effects of adding acids before and after gelatiniza-
tion on the viscoelasticity of cornstarch pastes, Food
Hydrocoll. ¥Fsh

EEM, EiEsE, FEERMIF(2003), BRI
BITTERWEOME (B 28)  HukReR (> 2 4),
HAFAER A 4EE, 36, 371-381.

M. Hirashima, R. Takahashi and K. Nishinari,
Effects of adding sucrose before and after gelatiniza-
tion on the viscoelasticity of cornstarch pastes, Food

2)

3)

4)

5)

64

Vol.37 No.1 (2004)

(64)

Hydrocoll. ¥¢fa vk
FEH, EiEs, TR, BOEoEEEcRITT
ERWEORE (B3H) IERFERE (&3E), HAH

6)

RS EE, 37, 48-56,

7)) EEER, KEBET(1964), AWRENL A —1
BFE (55 180 BRI RITT I8, FECEM
w5, 15, 189-192.

8) H. Bothe and H. K. Cammenga (1983), Calor-

imetric investigation of aqueous caffeine solutions
and molecular association of caffeine, Thermo-
chimica Acta, 69, 235-252.

K. Weller, H. Schiitz and I. Petri (1984), Ther-
modynamical model for insertion and aggregate
binding of caffeine to the homopolymer poly
(riboadenylate) and model choice by data analysis,
Biophys. Chem., 18, 299-310.

R. Rymdén and P. Stilbs (1985), Nucleotide aggre-
gation in aqueous solution a multicomponent self-
diffusion study, Biophys. Chem., 21, 145-156.

Y. Yanuka and F. Bergmann (1986), Spectroscopic
studies on caffeine and isocaffeine, Tetrahedron, 42,
5991-6002.

N. Iza, M. Gil, J. L. Montero and J. Morcillo
(1988), Self-association of caffeine in aqueous solu-
tion. Study of dilute solutions by normal and second
derivative UV absorption spectroscopy, J. Mol.
Struct., 115, 25-30.

/NEPRE A, HEFIEER, AAZES (1968), BT —
KREROKHEYE, HAIGHMERE, 89, 464-469,

T. Matsumoto, C. Hitomi and S. Onogi (1975),
Rheological properties of disperse systems of spheri-
cal particles in polystyrene solution at long time-
scales, Trans. Soc. Rheol., 19, 541-555.

J. D. Ferry (1980), Viscoelastic Properties of Poly-
wmers, 3rd ed., John Wiley & Sons, Inc., New York,
U. S. A, 486-544.

F. W. Wood (1968), Rheology and Texture of
Foodstuffs, Soc. Chem. Industry, London U. K., 40-49.

F. Shama and P. Sherman (1973), Identification of
stimuli controlling the sensory evaluation of viscos-
ity II. Oral methods, /. Texture Stud., 4, 111-118.

Z. V. Baines and E. R. Morris (1988), Gums and
Stabilizers for the Food Industry 4, G. O. Phillips, P.
A. Williams and D. J. Wedlock eds., IRL Press,
Oxford U. K., 193-201.

E. R. Morris (1994), Food Hydrocolloids : Struc-
turves, Properties, and Functions, K. Nishinari and E.
Doi eds., Plenum Press, New York U. S. A, 201-210.

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

(2003 4¢ 7 A 28 HAEE)



	37-1-2_ページ_2
	37-1-2_ページ_3
	37-1-2_ページ_4
	37-1-2_ページ_5
	37-1-2_ページ_6
	37-1-2_ページ_7
	37-1-2_ページ_8
	37-1-2_ページ_9

