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K&, HERLEZ R ST L TH D,

1. G-ICEZfFECHOZXHGEDHEDGIPRE. 1>
A VBREDLEE

A A v osrbElE. GICESRM: & CHOLM & @
M CHIEDS -7 (KM2D)s £oT, 7 RIHET
L 227 A A7) —NIEAR—Y FY v & [RFEE
DA YA YOFWMERER L TWizEEZbN5,,
—7J T, GICE&M &, CHOSLM & b b GIPEE % |
ASE7 (M2A.B). HILERVE Y THAHGIPIL,
IR -SRI A > 2D i R RS R 22, 2
DZEDS, GICELMICHOSM LV b A A1) &~
GWEERHRKIELZEIEZON, LLAN
5. GICES&M L CHOSKMED A » A1) v 43 X R
ETH o7 ZORPILEREZRO 7 R A LL
IRE O FEHENA, 7 RO AOEBR L Y & GIP
EEABINE S, S52EA VA YW EIE L2
CEERRLIEEY VLIRS, Z0MEIE LT,
GIPIZIMHE RS A >~ 2 V40 2 R X 5 ) X



I OREE M KRB PRI B 2 7 R OMECTIER L 727 A 27 ) — A OB BUHEE DA » 2 2535 2 5 558

TR, HEBHEZHHSEAEALAL NS
EABELTWE A Lz n®, fidks YI13GIPE
LA A VIEEOIAUCHE & o 2 IE DA BB AR
B L., GIPIEESESWITIE A A ) Vet
ENLZEERLZ, L2 L. RWIZETIIGIPIEE &
A2 ViEEDOIAUCHE: OICREOMEEZ R
M3 ZeidT&nros (M3), T ERH, K
e CIEEE = ANV F - OB WGICELRAIZB VT
G L 72GIPIC & - C B BB 25 & v, HALIRILRE
DT AE U725 %, GICESM: & CHO&M: L T
A VAN VWEICHENFED b N o722 L ASHE
BENb,

2. GIICEZ# ECHOXMHLENDHEDIEE - EEF
221005 435

GICESME. CHOSKM & 0 & AREIZIZB VT
WA AHTC & 0 [F5E L7z B R & T &2, B
BRI ZIIH S 55058 H Lz AWFZEICBIT %8
By % O B A B #1205 F TOWME AL
F—w13 3 LMHMTHENZD ST, FAEETH-
720 —J. REBRAMBNZORERIZ. GICESMS &
OCICESMCCHOSM & 0 bR MEA R L7z, F72.
GICES&MFIZCHOSKM & 0 b IR E R LmE A5 E i & 7R
L. BEmILEDEMEE 2> 72 (M4), CHOSM &
GICES M- & o ik b D #13166+54 g (66=22
keal). JEEMRILED1372+19 g (65%17 keal) T
Holze &oT. GICELMHIZCHOSEMIZ A, HEE
O ANF-FIHEZIH L. 2oz kg0
WE—FIHABRSEMIEL-E2 605, 2T
T, EBNE OB OMENZ DBOLERO T
ANVF—IERHE, ZL T, By a—r &0l
125 2 BB et L72WgEid A 5 e v, ik,
Naperalsky et al'”l%. 326 COZHBETIZBIT 5
EEIZICREOME 2B L., EEEoZ0 T ol
FERBE TSNS L0 3222 CoRWEBRETTHBT
L725A5 RERIRAMEAE A 7% L. MR ER b s Hii <
. A YA VKA I 4 R RO/ 7))
=T URPEMEER LIS ERZHIE LTS, AF
ZECIXHIRERSEE TICB W CRBR A IR 2 KEf 2 F ©
ORET LA LTH 59, Naperalsky et al'® Dfifzgiz
AT I e LA LARAS, GICESM: &
CHOZM & TRRFAmOBEENER SNz b
579, GICESMACHOGMIZ A, B A M 2
el % £ CHEERRLEMREE R L72Z LiE, 7Y
I—=7rEOBRICER L 2RSS EZ 5N D, —
FHC. RBREBROIREBRILO TTHEAEER OFERLD A
AEPHIS L2 B EZRTIUE R SR, IRERE
{LOTUHEE, B ERALOYEINIHE S ¥ov e v BRI K R
FB L OMIEROM S 2 HEI L. EAEE OERLY A A
B SEDLZEPME SN TWET, Lzdts T,

FEBICEFH 7 -7 vy EOFEME 4T R,
GICELMACHOSZM & b b IREMbE 2 RS,
BWERILELZ L SR LIV Gy a—r o
BHEICERITH o 7z L ITFEHO U S v,

3. G-ICEZfFECICERGEDEDA > X >4
WD LB

T2 5 T R BB 2 DO CICESM-AS A~ A ) V43
EEO Lo 72DIXGICESM & O M THE DM KA
BhoTWel e BEREEZLbNS, CICELMS
X UGICESMFOGIP#EE 13, #1205 TGICES:
HrEEE R L7zb o0, FRLETOHEBIZFEKET
HY., IAUCHEIZ b HEEFZO SN d» o7 (K
2A. B)o —7. GICE& Mo It L. CICESH
EHEL., EBEAZ G CEMERLE: (M2E), i
D@D . GIPIE, MR LAFICA > R Y3 a i
FUEH %282, X 5T, CICESM & GICESL M2
BIFAA VA Yo oI AUCIH o #E (X2 D)
WM EOARED W B L2 EE X bNE, T Y
OB AR T 57T 7 b — 278 L OE)
By a8 OB & e L ClEES X 01 >~ 2
VW EEEODEIEPRESN TS, 2O L
5. GICELRMD & ) ICHEE OMBLA 7 Ko fETHD
LNTWEEMPEENEDA R Vi kS
HHEVZDEESL)

4. BREZHFEOFESEROSAERDER
TEREREE N 3BT A v [ R A B 1 O AR
OEEUL. $H D S ER O IRET O i CHEEKRIRD
GIWERIZEREE TH - 720 AR ORBEMOILE
[ZCHOS&M A b 5 <« CICESM 3R b KA - 720
&2 AY RBENIEIRZOFETMAEOMER IR A
i CHEIHRE I N2 o7 (M6)s £oT. i
BRAEmIC & A EEMRROGHERIEFRBRE ChH 722
EDTRIBEN D, FizkosE D | Naperalsky et al'® i,
EBHBETIIBIT 5 EE R, TOFFORBTHRIN
LI HHERRETCRI LA, EEbimIMEE %
R, AEMBZEOH 7)) a—=Fr reErEiEir Rl 2
EERHEL TG, /2, BHRETICBITA4 T
DOWEKERU L1 C oMK L Wil kDR AEW T
HDLTAAAT) —OBDFETRREZET 88722
ERHSE RS> TWAEY,, AFEOEHIREL, iR
JEA25 T, BEAB0% TH o720 Lzdi> T, D
CEBRMFED &9 i - EIREREEICBI) 488 T
LR LUZETFAEICT L, 18 C~7 CoOREROE
BRI FEEOGHMREET L EEZLNE, —
T, BHIRET CTHIL, AL L D b EFRRITHE
HEA LA THZEHFHENSL Z LN S, Siegel
etalDT A AZTY) —D X ) IZEMHIREO KN
GICEMF2'CHOSLM: & 0 b EE AR 2 LT S+,

59



HAZAR— Y REEEE vol 13 2020 J5ZE  HARIFRL, (32

Naperalsky et al'® ®HFZeo & 5 1B RRIL % 390§
LR EZ SN,

5. AMRDRFR & FE

RIFFEDORFIE, H 7)) a—7r v REO EE RN T
THhHA A VFWEOWEEFT-> 7255, Hik ol
0. EBOF ) a—r v EENETE TV RN &
THbH. DT ENS Y AEFNHEEL ) 3 —
FrELTEBRLTVS LIS TE RV, 5%
7V a—=rr gL, B - S DR SR
ENLDEBETHLEDNH D, AT, BEHED/S
Tr =V ATAMNEE L, EEERO TR PR
TAAZ) = AOEIORRE LV HEICL T2
BLHDLTHH),

/2. TRIHETA A ) -2 A VF—=, B
B & R L TH R o &2 S 5,
GICESME., FE 1 kgHh7-012 g/kgD 7 Fotlin
JEREE L, IR T AV F - ECICESLMEIZED T
B720IZ52% E L1z #0728, GICESRMD T 4L
F— 13723+ 80 kcal & CHOSAM: 0327 36 keallZ I~
2L EEE & 7 o 720 GICESMIZCHOSA: & [ fE
FEOAL A G METDLIENTELLDOD, &
EEBRAIT> TV HHAGETFIH L o &Fo -
ANVF =2 IR L TERLTL S ILENH L, &5
2. GICEE&MIFENEDS . B ACHOS:
HE ) HISHREEP 72, 2D LI, GICESM
TIHEHRIC QLI G £ > TB Y . ZillEE H
2DV T EBFERENIGFHEiZ AT 72 b 00, HHUREH
DIHEDOHENMOLDPE LTI EdEZ LN,
LoT, EMOBNEZPEIZTLITLERLY 2470
£ BRI NIEIRICT 5 2 & TR % 4553
BIFEICOWTURF L T BEDH L. 72, 1
ESVIIEBERICAEL keho0 1 g7 Pkl
W72 AECEEFALLZIRE 2 % < & A A OEIL
ML OGIPIEE R L U, » R ViIBEFIC5 2 5
AR L7 TORE, TR, AEKEBLY
FUL L7288 % %4 < & AZESOERUL, M oGIP
BEAEINSEZLOD, £ VR YRR EBHDR
Motz bR L. GIPIREOMINE A » A1) v 45
WEEDLHLIERLT, HAZEIREVEV) 2 L%
HHROITFTTVD, TOZE2MKT 5L, GIPIEE®D
BEIMZEED A4 ¥ A VO L ) TIZE N % Y
THRTTHRL, A VA YW EEOLIENTE
LT A A7) —ADEY) R REMKRLPFCH 2 B S 2
T HEDD 5,

vV &

EENEZOF ) a—4 VAEICLEE SNAEY
BOT P CHELL 7274 27 1) — A& (GICESAH:)

2

60

OB, FEEED AR—y N 27 (CHO%&M)
CRIBEDA VA v EE5 I ENTE, BY
FIRAZRAE L, BEEAHE T 2382 FHo&mT
HHIEDREEND,

HE

KIFE% BATY H12H 720 | FHS0F B FLFL R
TEERRHEAMITTE, 20174 MR AR R RS L 0 Bk %
By L LESHEFLH L BT E ¥,

Fla AR
ABFFENE B LTRSS L 2\

X @k

1) Burke, LM, Hawley, J.A., Wong, SH. et al: Carbohy-
drates for training and competition, /. Sports. Sci., 29,
S17-827 (2011)

2) Ivy, JL, Katz, AL, Cutler, CL. et al: Muscle glyco-
gen synthesis after exercise: effect of time of carbo-
hydrate ingestion, /. Appl. Physiol., 64, 1480-1485
(1988)

3) vy, JL. Goforth, HW. Jr., Damon, BM, et al: Early
postexercise muscle glycogen recovery is enhanced
with a carbohydrate-protein supplement, /. Appl.
Physiol., 93, 1337-1344 (2002)

4) W E, TERET, HBED, fil EERoEY -
PR G OIS~ 7 A Gk B L ORI BT 5
70 a—=7 Y EHEIC BT TRR, HARZ R — ) R
geRE, 10, 38-47 (2017)

5) FFH Hr o FREIC X AWHALRVE V5 ER 2 TG L
) a = Y EEEOREE, T b A
R—vF5, 36,61-67 (2015)

6) JLliF v, FH Hr, KETHT, i B3 - Y
REBOEPAEBHZRDO A ¥ A VI KT T4
—RFRFAEERFE L72BE—, BERAR— 52
WFgeRE, 11, 79-85 (2018)

7) WU, LK, WEEEE, il S EE RO
TARAZY) — LBHDA VA VW RIT T
FUEFRE G E LoET—, BARAR— 7 FFEN
JeRE, 12,12-20 (2019)

8) Bowtell, JL, Gelly, K., Jackman, M.L, et al: Effect of
different carbohydrate drinks on whole body carbo-
hydrate storage after exhaustive exercise, J. Appl.
Physiol., 88, 1529-1536 (2000)

9) Jentjens, RL. Jeukendrup, A.E. Effects of pre-exer-
cise ingestion of trehalose, galactose and glucose on
subsequent metabolism and cycling performance,
Eur. J. Appl. Physiol, 88, 459-465 (2003)

10) ¥R, REHER, ASEHE, i %) a—



11)

12)

13)

14)

15)

16)

EREE R BB RIS BIT D T FOMTHER L7274 27 ) — A OB BUFHEE O A 2 V455

TV ORI iR B & L 7z EE R 7 i )
7u a3y, REHE, 60, 493-502 (2011)

Borg, G.A.: Perceived exertion: a note on “history”
and method, Med. Sci. Sports., 5, 90-93 (1973)
NEFHFE—, ETRIE C & FAMERNC B 5 FE
HOBREE & BIR TR ORI, EFI%, 21, 191-
203 (1976)

Weir, J.B.: New methods for calculating metabolic
rate with special reference to protein metabolism, /.
Physiol, 109, 1-9 (1949)

Péronnet, F., Massicotte, D.: Table of nonprotein re-
spiratory quotient: an update, Can. J. Sport. Sci., 16,
23-29 (1991)

Baggio, L.L., Drucker, D.J.: Biology of incretins: GLP-1
and GIP, Gastroenterology, 132, 2131-2157 (2007)
Naperalsky, M., Ruby, B., Slivka, D.: Environmental
temperature and glycogen resynthesis, Int. J. Sports.

17)

18)

19)

IANEE T Y 7

Med,, 31, 561-566 (2010)

Jeukendrup, A.E.: Regulation of fat metabolism in
skeletal muscle, Ann. N. Y. Acad. Sci., 967, 217-235
(2002)

Siegel, R, Maté, J., Brearley, M.B,, et al.: Ice slurry in-
gestion increases core temperature capacity and run-
ning time in the heat, Med. Sci. Sports. Exerc., 42,
717-725 (2010)

WEERD, L F A, KRETHET, M 2AE<CHE
BLUBREE S &L & HE o R SE R
& @ Glucose-dependent insulinotropic polypeptide 7
LA VA YW B XITTHE, HERAR-Y
KEEWFIERE, AR

(%ﬁa:mw$5H9H>
FRIRH 1 20194£11H27H

61



HAZAR— Y REEEE vol 13 2020 J5ZE  HARIFRL, (32

Original Article

Effect of ingestion of glucose ice cream after high-
intensity intermittent exercise on insulin secretion in male
athletes

Masanari TOGO *!, Taichi YAMAGUCHI ****, Kazuki TAKIZAWA ** ™ Keita HOSHINA ** ™,
Miku SATO *¢, Sanako HATTA *?, Tori FUJIE **, Nobuya KIMURA *?, Yasuyuki TAKEDA ***?,
Akihiro YAMAGUCHI ** **, Takashi TOCHIHARA **** TIsao KAMBAYASHI *’

* Research Organization of Science and Technology, Ritsumeikan University

*2 Food and Nutrition Science, Graduate School of Dairy Sciences, Rakuno Gakuen University

*3 Department of Food Science and Human Wellness, College of Agriculture, Food and Environment Science, Rakuno Gakuen
University

** Institute of Physical Development Research

*5 Department of Physical Education, International Pacific University

*¢ Life Science Department, Obihiro Otani Junior College

*7 Department of Education, Hokkaido University of Education Sapporo

ABSTRACT

[Aim]

The purpose of this study was to compare the effects of ingestion of glucose ice cream, commercial ice cream
and a carbohydrate-electrolyte beverage after high-intensity intermittent exercise on the insulin secretion.
[Methods]

Seven male subjects ingested the trial foods immediately after high-intensity intermittent exercise. Glucose-de-
pendent insulinotropic polypeptide (GIP) and insulin secretions and the respiratory exchange ratio (RER) were
measured immediately post-exercise, and 30, 45, 60 and 120 min after the exercise. The trial foods were glucose
ice cream (G-ICE), commercial ice cream (C-ICE) and a carbohydrate-electrolyte (CHO) beverage containing car-
bohydrates at 1.2 g/kg body weight of the subject.

[Results]

GIP secretion at 30-120 min post-exercise in the subjects was significantly higher (p < 0.05) after the ingestion of
G-ICE or C-ICE as compared to that after ingestion of the CHO beverage. Insulin secretion after G-ICE ingestion
did not differ from that after ingestion of the CHO beverage. The RER at 30-120 min was significantly higher (p
< 0.05) after ingestion of the CHO beverage as compared to that after ingestion of C-ICE or G-ICE.

[Conclusion]

Ingestion of G-ICE after high-intensity intermittent exercise was associated with a similar degree of increase in
GIP secretion as ingestion of C-ICE. Insulin secretion after ingestion of G-ICE increased to a similar degree to
that after ingestion of the CHO beverage. Carbohydrate oxidation of G-ICE was lower as compared that of CHO
beverage. Therefore, ingestion of ice cream made with glucose immediately after exercise promoted secretion of
insulin and reduced carbohydrate utilization. This finding suggests that ice cream made specially with glucose
might be the optimal food to ingest to increase insulin secretion and reduce carbohydrate utilization after high-in-
tensity intermittent exercise.

Keywords: GIP, blood glucose, respiratory exchange ratio, core temperature
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