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Supﬁression of starch digestion by phenolic compounds and the reaction products
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We take starch as a food component, and the starch is hydrolyzed into glucose in
the intestine to be absorbed into body. The faster hydrolysis of starch may result in diabetes. Such
rapid digestion of starch to glucose is possible when rice and wheat flour, which contain relatively high
starch, are ingested. Previously, humans took cereals and root crops, which contain various flavonoids,
as sources of starch. It is known that the rates of starch digestion in the latter foods are slower than
those in rice and wheat flour. In this study, we indicated that that the slow digestion of starch from
cereals and root crops was due to hydrophobic binding of flavonoids to starch decreasing the ability to
be a substrate for a -amylase.




(pH ~ 2) (pKa
~ 3.3)

HPLC

Witk, =BT %= A FVERT

[13]

[7]

Vignacyanidin

1 [6]
[8]

1 Vignacyanidin

[°]

[12]



[1.5]

[2.3]

[4]

[1]

XOH

XO" A)
(B) ©)

(B)

(D)
(F)

(A) OH
HO i | Lo} (B)
. oH H,CH,ONO LN

OH oT

[Quinone of quercetin]

"NO o ‘
HNO, |

SNy
[Qm'tmne]f7 oR
: OH ©
XOH G ’_—Lofrutin
~ HSCN

*NO Quinone of
chlorogenic acid

>\m HO':- o
o
o @ (D)

HNO, "
- :
</ OH NO» ﬁ\j
*NO NO E }DHHO E I‘ O
HO O )\
[Quinones] —> ON OH

o (G)°

Y
mﬁF

Takahama, U. and Hirota, S. Fatty acids,
epicatechin-dimethylgallate, and rutin
interact with buckwheat starch inhibiting its
digestion by amylase: Implications for the
decrease in glycemic index by buckwheat
flour. J. Agric. Food Chem. Vol. 58, 2010, pp.
12431-12439.

Takahama, U., Tanaka, M., Hirota, S. and
Yamauchi, R. Formation of an oxathiolone
compound from rutin in acidic mixture of
saliva and buckwheat dough: Possibility of
its occurrence in the stomach. Food Chem.
Vol. 116, 2009, pp. 214-219.

Takahama, U., Tanaka, M., Oniki, T., Hirota,
S. and Yamauchi, R. Formation of the
thiocyanate conjugate of chlorogenic acid in
coffee under acidic conditions in the
presnece of thiocyanate and nitrite: possible
occurrence in the stomach. J. Agric. Food
Chem. Vol. 55, 2007, pp. 4169-4176.
Takahama, U., Tanaka, M. and Hirota, S.
Formation of nitric oxide, ethyl nitrite and an
oxathiolone derivative of caffeic acid in the
mixture of saliva and white wine. Free Radic.
Res. Vol. 44, 2010, pp. 293-303.

[1] Hirota, S. and Takahama, U. Reactions of
polyphenols in masticated apple fruit with
nitrite under stomach simulating conditions:
Formation of nitroso compounds and
thiocyanate conjugates. Food Res. Int. Vol. 75,
2015, pp. 20-26.

[2] Morina, F., Takahama, U., Yamauchi, R
Hirota, S., and Veljovic-Jovanovic, S.
Quercetin 7-O-glucoside suppresses
nitrite-induced formation of
dinitrosocatechins and their quinonesin
catechin/nitrite systems under stomach
simulating conditions. Food Funct. Vol. 6,
2015, pp. 219-229.

[3] Vejovic-Jovanovic, S., Morina, F.,, Yamauchi,
R., Hirota, S., and Takahama, U. Interactions
between (+)-catechin and quercetin during
their oxidation by nitrite under the conditions
simulated the stomach. J. Agric. Food Chem.
Vol. 62, 2014, pp. 4951-4959.

[4] Takahama, U., Yamauchi, R., and Hirota, S.




Reactions of (+)-catechin with salivary
nitrite and thiocyanate under conditions
simulating the gastric lumen: Production of
dinitrosocatechin and its thiocyanate
conjugate. Free Radic. Res. Vol. 48, 2014,
956-966.

[5] Hirota, S. and Takahama, U. Reactions of
apple fruit polyphenols with nitrite under
conditions of the gastric lumen: Generation
of nitric oxide and formation of nitroso
catechins. Food Sci. Technol. Res. Vol. 20,
2014, pp. 439-447.

[6] Takahama, U., Yamauchi, R., and Hirota, S.

I solation and characterization of a cyanidin-
catechin pigment from adzuki bean (Vigna
angularis). Food Chem. Vol. 141, 2013, pp.
282-288.

[7] Takahama, U. and Hirota, S. Effects of starch
on nitrous acid-induced oxidation of
kaempferol and inhibition of o-amylase-
catalyzed digestion of starch by kaempferol
under conditions simulating the stomach and
the intestine. Food Chem. Vol. 141, 2013, pp.
313-319.

[8] Takahama, U., Yamauchi, R., and Hirota, S.
Interactions of starch with acyanidin-
catechin pigment (vignacyanidin) isolated
from Vigna angularis bean. Food Chem. Vol.
141, 2013, pp. 2600-2605.

[9] Hirota, S. and Takahama U. Starch inhibits
crocin-dependent reduction of nitrite to nitric
oxide under the conditions of the gastric
lumen increasing bioavailability of the
carotenoid. Food Sci. Technol. Res. Vol. 19,
2013, pp. 1121-1126.

[10] Takahama, U. and Hirota, S. Enhancement
of iron(I1)-dependent reduction of nitrite to
nitric oxide by thiocyanate and accumulation
of iron(I1)/thiocyanate/nitric oxide complex
under the conditions simulating the mixture
of salivaand gastric juice. Chem. Res.
Toxicol. Vol. 25, 2012, pp. 2017-215.

[11] Takahama, U. and Hirota, S. Effects of the
food additive sulfite on nitrite-dependent
nitric oxide production under the conditions
simulating the mixture of salivaand gastric

juice. J. Agric. Food Chem. Vol. 60, 2012, pp.

1102-1112.

[12] Takahama, U., Koga, Y., Hirota, S. and
Yamauchi, R. Inhibition of xanthine oxidase
activity by an oxathiolanone derivative of
quercetin. Food Chem. Vol. 126, 2011, pp.
1808-1811.

[13] Takahama, U. and Hirota, S. Inhibition of
buckwheat starch digestion by the formation
of starch/bile salt complexes: Possibility of its
occurrence in the intestine. J. Agric. Food
Chem. Vol. 59, 2011, pp. 6277-6283.

5
1.
2012,8 29—~

31
2.

2012,8 29—~31
3.

2013,8 29—31

4. FilisMorina, Sonja Veljovic-Jovanovic,

6,8-

2014,8 28—~30

5. FilisMorina, Sonja Veljovic-Jovanovic, Ryo
Yamauchi, Sachiko Hirota, Umeo Takahama.
Interactions of quercetinn with radicals
derived from catechin and dinitrosocatechin
under the conditions simulating the gastric
lumen. 14™ International Nutrition and
Diagnostics Conference. September 2~5,
2014. Hotel DAP, Prague (Czech Republic).

1. Takahama, U., Tanaka, M. and Hirota, S.
Buckwheat flour. In Flour and Breads and
their Fortificationsin Health and Disease
Prevention. Edited by Victor Preedy, Ronald
Watson, and Vinood Patel. Academic Press
(Amsterdam), 2011, pp. 141-151

2.Takahama, U., Hirota, S. Transformation of

nitrite and nitric oxide produced by ora
bacteria to reactive nitrogen oxide speciesin
the oral cavity. In Oral Health Care -
Prosthodontics, Periodontol ogy, Biology,
Research and Systemic Conditions. Edited by
Mandeep Virdi, InTech, 2012, pp. 193-204.
. Takahama, U., Hirota, S. Reactions of
quercetin and its glycosides in the oral cavity
and the stomach. In Quercetin, Edited by
Taiki Chikamatsu and Y uudai Hida, Nova
Science Publishers, Inc., 2012, pp. 257-268.
4.Takahama, U., Ansai, T., Hirota, S. Nitrogen
oxides toxicology of the aerodigestive tract.
Advances in Molecular Toxicology, Vol. 7,
2013, pp. 129-177.

w



o
TAKAHANA, Umeo

30106273

@

A
HIROTA, Sachiko

00312140



