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ABSTRACT

D-Psicose, a C-3 epimer of D-fructose, is a “rare sugar” present in small
amountsin nature products. We investigated whether D-psi cose suppresses
the glycemic response after ingestion of various confections in healthy
subjects. In Experiment 1, 20 male and 26 femal e subjects were randomly
divided into 3 groups: marshmallow, fried cookie and chocolate groups.
The test meals were these 3 confections containing 45 g of carbohydrate
and hot coffeewith 5 g of D-psicose or D-fructose. Theincreasesin blood
glucose concentration after intake of various confectionswere significantly
lower with simultaneous intake of coffee and D-psicose than with that of
coffeewith D-fructose. In Experiment 2, 5 maleand 5 femal e subjectsate the
cake, almond jelly, baked cookie, fried cookie, and ganache containing 59
of D-psicose or D-fructose as raw materials. Theincreasesin plasmaglu-
cose concentration were significantly lower after intake of amond jelly and
ganache containing D-psicose than those containing D-fructose. The post-
prandial plasma glucose concentration did not differ between intake of
confections containing D-psicose and D-fructose cooked at high tempera-
ture. These results suggested that D-psicose is effective for the hypogly-
cemic response as afunctional food material. However, this effect may be
suppressed by high temperature cooking. Careisnecessary when D-psicose
isused as afood material. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

D-Psicose (D-ribo-2-hexul ose), aC-3 epimer of
D-fructose, isa“‘rare sugar” present in small quantities
incommercid mixturesof D-glucoseand D-fructoseob-
tained from hydrolysis of sucrose or isomerization of
D-glucose.M D-Psicoseisa so present inprocessed cane
and beet molasses,'? and is found in wheat,® Itea
plants® andintheantibiotic psicofranine® Duetothe
very small amounts of D-psicosein natural products,

few studies have examined D-psicose asfood or nutri-
ent. In 2000s, we devel oped a new method for pro-
ducing D-psicoseenzymaticaly onalargescae® mak-
ing it possibleto conduct such nutritional studies. We
have since demonstrated that D-psicose is a sweet
monosaccharidethat providesno energy to growing
ratd” and that it haslittletoxicity inrats.® 9 With re-
gpect to safety from aclinical viewpoint, themaximum
non-effectivelevel of D-psicosecausing diarrheain hu-
man subjects was estimated as 0.55 g per kg body
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Examining theeffects of D-psicoseon glucoseand
lipid metabolism, wefound that D-psicoseleadstoless
intra-abdominal fat accumulation than D-glucoseand
D-fructoseinrats.™ In addition, we have suggested
that supplementa D-psicose canlower plasmaglucose
levels.'2 Wehave reported that D-psicoseinhibitsin-
testind o-glucosidaseand suppressestheglycemicre-
sponse after ingestion of disaccharides (sucrose, mal-
tose or maltodextrin) in ratd™* ' and human.™** Re-
cently, Toyoda et al .*% suggested that D-psicose can
prevent postprandial hyperglycemiaby improving the
trangl ocation of glucokinasefrom the nucleusto the
cytoplasmintheliver of diabeticrats. D-Psicoseisex-
pected to haveabeneficia effect inthecontrol of blood
glucoselevesintype 2 diabetes.

Oneof theindicated effectsD-psicoseissuppres-
sion of postprandia blood glucosedevation, ™9 which
ishelpful inreducing therisk of lifestyle-related dis-
eases, such astype 2 diabetes. However, we have not
examined the effects of D-psicose on blood glucose
leve after ingesting cooked mealsinhuman subjects. In
this study, we investigated whether D-psicose sup-
pressesthe glycemic response after ingestion of vari-
ousconfectionsin healthy subjects.

MATERIALSAND METHODS
Two experimentswere conducted in 56 hedlthy vol -

unteersaged 20-23 recruited from KagawaUniversity.
The subjectsweredetermined to befree of diseaseby

amedical examination beforethe study. None of the
subjectswereusingillega drugsor taking medications
that affect blood glucose level. Volunteerswerefully
informed of the objective of the study, the test meth-
ods, expected adversereactionsand other related mat-
ters. Beforethe study started, written consent was ob-
tained from the subj ects. The study protocol and the
implementation complied withthespirit of theDeclara:
tion of Helsinki in 1995 asrevised in Edinburgh 2000.
Thistria wascarried out with theapprova of the Ethi-
ca Committee of KagawaUniversity (Approva num-
ber: H20-33).

Experiment 1 Effectsof D-psicoseused asa sweet-
ener on postprandial blood glucoselevel

Subjectsand test meals

Twenty maeand 26 fema e subjectswererandomly
dividedinto 3 groups:. marshmallow, fried cookieand
chocolategroups(TABLE 1). Theseconfectionswere
purchased from Maruyoshi Center Inc., Kagawa, Ja-
pan. Thetest mealswerethese 3 confections contain-
ing 45 g of carbohydrate and hot coffeewith 5 g of D-
psicose or D-fructose. The compositionsof test meals
areshownin TABLE 2. Thehot coffeewas madefrom
2 g of powdered instant coffee (Nescafe, Nestle Ja
pan, Hyogo, Japan) and an additional 150 ml of hot
water.

Experimental design

Two meal |oad tests per subject were conducted
under arandomized singleblind study design. During

TABLE 1: Characteristicsof subjects

Experiment 1 Experiment 2
Groups Mar shmall ow Fried cookie Chocd ate
Male Female Male Female Male Female Male Female
n 7 7 5 12 8 7 5 5
Age(y) 20502 206+02  20.2:0.1 202+0.1  21.2:02  201+0.1  20.3t0.1  204+0.1
Height €cm  1690+1.1 153.0+09 1680+1.1 157.8:1.2 1692+1.0 156.2:0.9 1701+1.0 155.2+09
Weight (kg) ~ 60.2t12  501+1.0 62.8t1.5 506+13  61.8:1.6 502412  63.1+1.2  495+1.0
BMI (kgnf) 211407 214405 22+0.5 203+04 21.6:08 206409 21.8:0.4  205+03

Val ues a e meanstSE.
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TABLE 2: Composition of test meals

Wei ght(g) Fat(g) Protein(g) Carbohydrate(g) Energy(kaal)

Experiment 1°

Marshmal low 56.0 0.2 18 45.0 189.0
Fried cookie 62.0 95 41 450 2830
Chocolate 80.0 280 42 450 4490
Experiment 2*

Cake 175 7.8 51 50.0 290.6
Almond Jelly 9%.0 100 200 50.0 3700
Baked cookie 709 161 4.8 50.0 b4l
Fried cookie 79.2 215 5.6 50.0 4159
Ganache 1000 300 7.9 50.0 5016

"Each confection was taken with coffee (150 ml) with D-fructose (5 g) or D-psicose (5 g).
#Each confection was made with D-fructose (5 g) or D-psicose (5 g) asa raw material.

the period of the study, each subject maintained anor-
mal lifestyleand ate ad libitum except for theday be-
forethe experiment, on which each subject atethesame
dinner (800 kcd and 700 kcd for maleand femae sub-
jects, respectively) at 19:00. After fasting for overnight,
blood glucose concentration wasfirst measured at 08:00
with aportableglucoseandyzer (Glucocard G, Arkray
Inc., Kyoto, Japan). Soon after the first blood mea-
surement, the each group of subjectstook test meals
within 5 min. The subjects then rested for 120 min.
During therest, the blood glucose concentrationswere
measured at 30, 60, 90 and 120 min after intake of test
meals containing D-psicose or D-fructose. The2 mesal
load tests(D-ps cose or D-fructose) per subjectsineach
group were performed at intervalsof at least 1 week.
All procedureswere performed in the experimental
room under the same conditions (temperature: 22 de-
greesCesus, humidity: 60%).

Experiment 2: Effectsof D-psicoseused asaraw
material on postprandial plasmaglucoseand in-
sulin levels

Subjectsand test meals

Fivemaeand 5 femaesubjectsparticipated inthis
experiment, asshownin TABLE 1. Thecompositions
of test meals are shown in TABLE 2. The cake, al-

mond jelly, baked cookie, fried cookie and ganache
were made with 5 g of D-psicose or D-fructose ac-
cording to therecipe.*” These confectionswere made
by substitution of D-psicoseor D-fructosein place of
sucroseasaraw material.

Experimental design

The 10 med |oad tests per subject were conducted
under arandomized singleblind study design. During
the period of the study, each subject maintained anor-
mal life styleand ate ad libitum except for the day be-
forethe experiment, on which each subject atethesame
dinner (800 kcd and 700 kcal for maleand femae sub-
jects, respectively) at 19:00. After fasting for overnight,
blood wasfirst collected at 08:00. Soon after thefirst
blood collection, subjects ate thetest mealswithin 5
min. Peripheral blood (180 uL) wascollectedin hep-
arin-coated capillariesto obtain plasmaat 30, 60, 90
and 120 min after meal intake. All procedures were
performed in the experimental room under the same
conditions (temperature: 22 degrees Celsius; humidity:
60%).

M easur ements

Plasmaglucoseandinsulin concentrationswerede-
termined by be using commercial kits (Glucose ClI-
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Test Wako, Wako Pure Chemical Industries, Ltd.,
Osaka, Japan; Mercodia Rat Insulin ELISA Kit,
Mercodialnc., Erling-Holmlund, Sweden) purchased
from Shikoku Medicd Instruments, Kagawa, Japan.

Satistical analysis

Blood glucose (Experiment 1) and plasmaglucose
andinsulin (Experiment 2) were analyzed Satistically.
For thesetests, maleand femal e subject datawere com-
bined. Thevauesfor anaysisweredetermined before
theintake point aswell asat 30, 60, 90 and 120 min
after intake of each test meal. All measurementsare
expressed as meanststandard error. To examine the
significanceof differences, Student’s paired t-test was
employed with alevel of significance of 5% or |ess.
Statistical processingwasperformed using Excel Sta
tistics 2008 (SSRI Co., Ltd., Tokyo, Japan).

RESULTS

Experiment 1

There were no dropouts among the 46 subjects
participatinginthistria. Theglycemicresponsesfor the
3test med swith D-fructoseor D-psicoseareshownin
TABLE 3. Theblood glucose concentrationsafter each
test medl increased over timeuntil 30-60 min and then
decreased. Theincreasesin blood glucose concentra-
tion after intake of variousconfectionsweresgnificantly
lower with the simultaneousintake of coffeewith D-
psicosethan that of coffeewith D-fructose. Statistically
sgnificant differences (p<0.05) between D-fructoseand

D-psi cosewere seenwith marshmallow intakeafter 30
min, fried cookieintakeafter 30 and 60 min, and choco-
lateintake after 60 and 90 min. Incrementsof areaun-
der the curve of blood glucosewereaso lower ineach
test meal with D-psicosethan with D-fructose (marsh-
mallow, 3,514 vs. 3,070; fried cookie, 3,548 vs. 2,663;
chocolate, 2,253 vs. 1,304 min¥mg/dL, respectively).

Experiment 2

There were no dropouts among the 10 subjects
participationinthistrid. Theglycemicandinsulinemic
responsesfor the 5 test meal s containing D-fructose or
D-psicoseareshownin TABLES 4 and 5. Theplasma
glucoseand insulin concentrations after each test meal
increased over timeuntil 30 minand then decreased.
Theincreasesin plasmaglucose concentrationweresig-
nificantly lower after intake of dmondjelly and ganache
contai ning D-psi cosethan those containing D-fructose.
Statigticaly sgnificant differences (p<0.05) between D-
fructose and D-psicosewereseenwith almondjelly in-
take after 30 min and ganache intake after 30 and 60
min. Thepostprandid plasmaglucose concentrationdid
not differ between intake of D-psicoseand D-fructose
containing confections cooked at high temperature
(cake, baked and fried cookies). Increments of area
under thecurveof plasmaglucosein thetest meal s con-
taining D-psi cose compared to those contai ning D-fruc-
tosewereasfollows: cake, 1,732 vs. 1,525; almond
jelly, 2,871 vs. 2,125; baked cookie, 2,752 vs. 3,923;
fried cookie, 2,553 vs. 2,628; ganache, 2,222 vs. 1,243
minmg/dL, respectively).

Table 3 Blood glucose concentrations (mg/dL ) after ingestion of test mealswith sucroseor D-psicose (Experiment 1)

Time after ingestion (min)

Test meals Sweeteners
0 30 60 90 120

D-Fructose 76.2+£2.0 115.7+4.0 119.6+5.7 103.7+4.8 89.7+4.3
M ar shmallow

D-Psicose 74.5+1.6 107.3+£3.4* 111.8+5.0 100.5+4.5 87.0+4.9

D-Fructose 78.6+£2.1 112.6+4.6 126.2+4 .9 109.6+4.7 89.9+4.3
Fried cookie

D -Psicose 78.5+2.7 101.6+3.6* 116.3+3.0* 101.4+3.4 88.4+3.6

D-Fructose 74.8+1.5 95.2+2.2 102.1+3.1 97.8+2.8 83.6+£2.3
Chocolate

D -Psicose 77.8£2.0 94.3+2.7 91.8+2.5%* 90.1+2.4* 79.1+2 .4

Values are meanstSE for 14-15 subjects. *p<0.05, vs. test meals with D-fructose (Student’s paired t-test)
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Table4 Plasma glucose concentrations(mg/dL ) after ingestion of test meal swith D-fructose or D-psicose (Experiment 2)

Time after ingestion (min)

Test meals Additive sugars
0 30 60 90 120

D-Fructose 89.5+3.1 122.1+7.1 97.7+4.5 86.3+2.9 83.6+2.5
Cake

D-Psicose 83.2+2.7 119.9+6.4 110.8+9.6 92.3+4.1 80.8+3.7

D-Fructose 72.8+1.7 118.5+1.3 114.4+2.8 101.2+2.3 86.7+2.2
Almond jelly

D-Psicose 70.8+4.9 101.4+2 4% 110.2+3.9 99.3£1.9 84.1+1.7

D-Fructose 81.5+1.2 159.6+5.8 121.3+6.9 103.3+6.2 89.8+2.8
Baked cookie

D-Psicose 81.4+2.9 153.9+7.3 110.6+4.1 101.8+3.7 89.6+1.4

D-Fructose 89.5+3.1 116.5+4.8 105.1+4.8 99.9+3.6 86.5+2.8
Fried cookie

D-Psicose 83.2+2.7 116.2+3.9 101.4+7.8 94.24+3.3 83.6+2.4

D-Fructose 87.7+6.4 107.7+1.3 102.8+0.8 92.5+2.3 81.1+2.1
Ganache

D-Psicose 86.0+1.2 92.5+1.9* 92.2+1.8* 89.6+1.8 79.6£1.6

Values are meanstSE for 9 subjects. *p<0.05, vs. test meals with D-fructose (Student’s paired t-test)

Table5 Plasmainsulin concentrations (mU/L) after ingestion of test mealswith D-fructose or D-psicose (Experiment 2).

Time after ingestion (min)

Test meals Additive sugars
0 30 60 90 120

D-Fructose 3.8+1.1 18.3+3.5 10.7+2.3 6.3+1.6 4.6+1.0
Cake

D-Psicose 4.0+0.5 18.1+4.1 7.2+1.4 7.3£1.2 5.2+0.7

D-Fructose 6.5+2.5 25.2+4.0 15.1£2.0 8.3£1.3 5.9+0.7
Almond jelly

D-Psicose 6.4+0.8 15.542.3* 9.4+1.2% 9.1+1.5 6.2+1.2

D-Fructose 6.5+1.3 20.9+4.2 11.8£1.6 6.9+1.2 6.0+1.4
Baked cookie

D-Psicose 45+1.3 13.1+2.5 10.84£3.3 5.8+0.8 5.0+1.0

D-Fructose 4.1+0.7 13.642.1 10.3+2.1 6.8+1.9 4.3+£1.3
Fried cookie

D-Psicose 3.7+0.4 14.7+1.1 10.4+1.3 6.9+1.3 4.1+0.7

D-Fructose 2.9+0.3 29.6+7.5 13.1+2.5 10.2+2.6 52+1.2
Ganache

D-Psicose 3.1+0.4 10.5+1.9% 12.443.1 7.8+1.3 5.3+0.8

ValuesaremeanstSE for 9 subjects. *p<0.05, vs. test meals with D-fructose (Student'spaired t-test).
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Theincreasesin plasmainsulin concentration were
significantly lower after intake of almond jelly and
ganache contai ning D-psi cose than those containing D-
fructose. Statisticaly significant differences (p<0.05)
between D-fructose and D-psicose were seenwith al-
mond jelly intake after 30 and 60 minand ganachein-
takeafter 30 min. Theincreasesin plasmainsulin con-
centration did not differ anong theintakeof cake, baked
and fried cookies. Increments of areaunder thecurve
of plasmainsulinin thetest medlscontaining D-psicose
compared to those containing D-fructosewereasfol-
lows: cake, 729 vs. 636; almond jelly, 864 vs. 441,
baked cookie, 596 vs. 494; fried cookie, 555 vs. 633;
ganache, 1,361 vs. 675 min mU/L, respectively).

DISCUSSION

The present study suggested that D-psicoseis ef-
fectivefor the hypoglycemic responseasafunctiona
food materid in hedthy subjects.

In our previous animal study, suppression of the
increasein plasmaglucose concentrationwith D-psicose
showed significant decreaseswhen matoseand sucrose
were used as substrates, but no significant decreases
were observed when glucose and soluble starch were
used as substrates.*® Another animal study proposed
that D-ps coseinhibited the hydrolysisof matoseby a-
olucos dase prepared from themembrane of therat small
intestine™ It followsfrom these observationsthat one
of the suppressivemechanismsof D-psicoseonthed-
evation of plasmaglucose concentration of rats after
carbohydrateadministrationistheinhibition of a-glu-
cosidase. Suppression of the el evation of plasmaglu-
cose concentration in humanswith D-psicosewas ex-
pected when several types of sugars were used as a
carbohydrate source. lida et a.!** reported dose-de-
pendent effects of D-psicose on suppression of theel-
evaion of plasmaglucoseand insulin concentrationwith
concurrent administration of matodextrinand D-psicose
in healthy humans. They concluded that D-psicoseis
efficaciousin suppressing of theeevation of blood glu-
cose concentration after eatingin humans.

Asanother hypothetical mechanism for suppres-
sion of theincreasein plasmaglucose concentration,
absorbed D-psicoseinamdl intestine, inwhich D-psicose
was estimated to absorb at 25%,18 1% promoted up-
take of glucoseintheliver. It hasbeen reported that D-

fructose activates glucokinase and reduces plasmaglu-
cose concentration after being phosphorylated intofruc-
tose 1-phosphate by fructokinaseintheliver.[2422 A
similar mechanism of reducing plasmaglucose concen-
tration isalso postul ated for D-tagatose, an isometric
form of D-psicose.”2 The samebiochemical pathway
asD-fructoseand D-tagatose could accordingly enhance
glucosetolerance.

The present gpplied study of D-psicose suggested
that hypoglycemic and hypoinsulinemic responsesto D-
psicose used asraw materid infoodswerenot foundin
those cooked at high temperature, i.e., cake, baked
and fried cookies, in Experiment 2. These confections
were made at morethan 180 °C with relatively long
cooking times(dozens of minutes), whereastheothers,
i.e., dmondjely and ganache, were madeat lessthan
90°C with short cooking times (severa minutes). In
Experiment 1, D-psicose was hardly heated becauseit
was used as acoffee sweetener. These results suggest
that the hypoglycemic effect of D-psicose may be sup-
pressed by cooking at high temperaturetogether with
other raw materials.

D-Psicoseisareducing sugar that nonenzymati-
cdly glycatestheamino groupsof proteinsor peptides,
similar to D-glucose or D-fructose (amino-carbonyl re-
actionor Maillard reaction).[?2 Thisreaction proceeds
through two stages. In the early stage, the sugar reacts
withtheaminogroupsof protein/peptidetoformagtable
Amadori andHeyn’s product via a labile Schiff base.[?d
Intheadvance stage, many different complex reactions
occur, and consequently, brown, cross-linked fluores-
cent products are produced.? Amino-carbonyl reac-
tion, the subsequent modification of protein functiona-
ity, and thephysiologica and pathol ogica consequences
of protein glycation have been the subject of muchin-
vestigation. Moreover, amino-carbonyl reaction modi-
fiescarbohydrate metabolism. 2 Amino-carbonyl prod-
uctsare hardly digested and absorbed in the mamma-
lianintestine.!?"! D-Psi cose-protein/peptide conjugates
may beexcreted into feceswithout digestion and ab-
sorption. Asamino-carbonyl reaction ispromoted by
heating at high temperatures, the disappearance of the
hypoglycemic effect of D-psicose may bedueto amino-
carbonyl reactionwith food proteinsor peptides. How-
ever, detailed studiesarerequired to clarify thismecha
nism. Careisrequired when using D-psicose asafood
meterid.
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