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Abstract

The purpose of this study was to measure the blood glucose level and glycemic index (GI) in response to
persimmon (Diospyros kaki Thunb) syrup extracted from persimmon and extract of persimmon by-products.
Major component analyses of persimmon syrup I (PS I, 95:5 mixture of purified persimmon syrup and non-pu-
rified persimmon syrup) and persimmon syrup II (PSI, 50:50 mixture ratio of purified persimmon syrup and
non-purified persimmon syrup) were 0.3+0.1 and 0.6+0.2 mg/g for total polyphenolic compounds and 70.6+0.6
and 66.6+1.6% for total carbohydrates, respectively. Blood glucose responses of PS1 and PSII were determined
using both normal ICR mice and streptozotocin (STZ)-induced diabetic male Sprague-Dawley (SD) rats. Further,
oral glucose tolerance test (OGTT) was performed on diabetic rats to assess the effects of the experimental
diets. Blood glucose response and OGTT showed that blood glucose levels were significantly lower in mice
and diabetic rats fed PSI and PSII compared to those fed diets of sugar, maple syrup, or honey. The GIs
of healthy volunteers in response to PS1 and PSII were calculated to be 51.9 and 35.7, respectively. On the
contrary, the Gls of healthy volunteers fed diets including sugar, maple syrup, or honey were 52.6, 20.0, and
93.0, respectively. These results suggest that persimmon syrup can be used for both the treatment of diabetics
and healthy people due to its beneficial effects on blood glucose level.

Key words: persimmon, oral glucose tolerance test, streptozotocin, glycemic index, diabetes mellitus, blood glucose
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bitol), AF7}& (saccharin), ©}2=3}& (aspartame), o}FAAF
(acesulfame) 183 AU E(xylito) F°] Yo &2 7}
A3} H2-8 9o 2 7ol A 59 ol f=E HHA o
£ A Fta A= AAo|tH(12).
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Folin-Ciocalteu reagent, phosphate buffered saline(PBS),
sodium carbonate, aluminum chloride, potassium acetate,
streptozotocin(STZ), sulfuric acid, glucose, phenol, citric
acid, quercetin, 28] 3L catechin2 Sigma Chemical Co.(St.
Louis, MO, USA)°A T8ttt @3 53719k AAA=
Accu-Check Sensor(Roche Co., Basel, Switzerland) =4
S AHEs AT 7Y F&FE AAl= TRILITE AMP 24 2
TRILITE AW 90 resin(Mitsubishi Chemical Co., Tokyo,
Japan)& ARESEATH AFol o] &8 E(AMFEE, @H,
Gyeonggi, Korea), AB(NH"® AIAT, Gyeonggi,
Korea), "l o]Z Al¥(Maple syrup, Turkey hill sugarbush
Ltd., Waterloo, Canada)2 W& &RIrtEo| A FU3FH L
w28 FEHELEY, 3] Gyeonggi, Korea)& 2] 8%
A& Fvll X (Gyeonggi, Korea)oll A ol 3Fod AL-&-3153 T
2 o]9] Aok 1§ e 535 AHEsAh

AAg el FE2& AT NS A8 AR Aol
7+ = 27 E S waring blenderE A}-g-3he] £ 4

AT B E 959 F/RTE 139 FAHIE] HES
wHk7)o] Yar 50°Col A 200 rpm&] mEkEE R 3A17F Hok
FZ39 . 3A1F & A FH X (Whatman No. 2)& A3l
o33kl 60°Coll A 60 Brix7F 2 wWj7hA] #& = (Rota-
vapor rotary evaporators, Biichi, Flawil, Switzerland) 3} %3
© 1 o]Z NPPS(non—purified persimmon syrup)g} 3 s}l
o 3 O w5 A FEE9 2SS GAs] Ak
Fo A ol w 420 TRILITE AMP 24 resin&
o] &3t 12} AAE HAAISIAL 13 AA & ol wE
A1 TRILITE AW 90 resine ©|-83}4] 221 AA|E A4
sttt 22k AA 45 ® FEFES 60°ColA 60 Brix7l 2
w712 e E e o] & PPS(purified persimmon
syrup)e} A3t} PPSS} NPPSE 95:52] A &2 &
§stal o] & PST, 50509 F-A Hl&E E3etal o] & PSI
g Hata, 1 ¢ Aol AFE-SHHT

Ay s=1 2a|

ICRAl mouse(F#, 658 )9} Sprague-Dawley(SD) rat
(7, 6578)& (F)LYAE vl 2 (Gyeonggi, Korea)ol
A Fdste] B ARAY ARSI A 1577 HEAIZ F A
ol AMES AT B AR E AFEA AT  UEFH
THIQIL, AAFA 2E5E 22+42°C, FEE 55+5%, B
< 1247 712 AF 2H-s AT

(=13

E

Z b=y sietE g
Z A=A 3IEEY FdHEFS Gutfinger(13)9] WS WY
o] =Astgtt = A8 1 mLol 2%(w/v) sodium car-
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bonate €% 1 mLE 7}38te] 387 Ao A ¥F&-A)
50%(v/v) Folin-Ciocalteu A2 0.2 mLE 3 7}5}e] 30&3F
F2o A WHEAIA ©] HHEE 1 mLE FH3tY EEF=
(Spectronic GENESYS 5, MILTON ROY, New York, NY,
USA)E o83t 750 nmol X F3E=E S43AH. o,
Z Hs4 3gE FHEHS epigallocatechin gallate(EGCG)
5 o] &3t A REJHCZRE FEFS FIAG

= E2lEL0|= &t

T TR wolE FFe O 22 o R S5
tH(14). A& 05 mLol| 95%(v/v) e 15 mL, 10%(w/v)
aluminium chloride &< 0.1 mL, 1 M potassium acetate
€9 01 mL, 755 28 mLE 7}ste] F83] whkS sha

Aol A 303 FAFAL. 1 F FR4E xYom

ol Fate] AAEHATHIS). €4 FEE EAF AR 1 mL

ol 5%(v/v) phenol £ 1 mLE& 7}sle] & E33149 &
gt & sulfuric acid €9 5 mL& H7}ebe] 10x37F wwksta
30E7E Ao WA SHT) 308 &, o] v AS BAAT
AE o] 83t 470 nmoll A FEEE SATh o, &
AR F B3 E JHFe TEFE o &5t FAAT 1
T2 RE FFS Fidth

AlRe| EEHIE
6% ICR mouse JE vlo| ZHE T3t
FANA 1FL7 HSAIZ F Ao AFEsEAT 43
L L% 2+2°C, F5 5H515%2 fFAHE TEAT
A AR B AR E ARFEA AAE & UES
T3 1247 A4 H FE
Q1 mouseE 5vlE] Y 7TTL >
5%, B %9 g5 E
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A7 2SI AHoral glucose tolerance test, OGTT)

AT RS HANE STZ Fo 6Y F 12470 A2 A7)
3w Yo 2Ry S T Ao Aol FEH
TS SAAt FEIT FX7F 200 mg/dL oo I
A7} ot AAE A¥stel Gar) g o2 s
o o]5& HrtE|H F TTOE o] A AMESIA T
o]5 Y7t FE SD ratS 12417 St AAX 71 A F
kg@ 1 g9 TET, v 599 @535 TI3t= A
(PST, PST, 2%, #el= MY, #)5 EUE AH-sd]

of Zgshan.
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Glycemic index (GI)=(Blood glucose area for 2 hr
after ingestion of the sample/ Blood glucose area for
2 hr after ingestion of the glucose)x 100

S

AP A= 33 W53t Wi+ FF QX (mean+ SEM)
2 yeleon, 7t A 319 F94 AL p<0.0500 4
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Table 1. Content of total phenolics in PST and PSTI (mg/g) Table 2. Content of total carbohydrate (%)
Total phenolics” Total carbohydrate”
Glucose 0.14+0.1 Glucose 100
Sugar 0.14+0.1 Sugar 100.0+0.6
Maple syrup 0.53+0.1 Maple syrup 80.0£0.8
Honey 0.27+0.1 Honey 699+19
PS1 0.30+0.1 PS1 70.6+0.6
PSTI 0.62+0.2 PSTI 66.6+1.6

Results were represented as mean+SEM of three independent

experiments.

DA standard compound was epigallocatechin gallate (EGCG)
for total phenolics assay.

Student’s ttestE2 73} T}

Zn} 4 jEk
Z 4=y sietE g ¥ ECiE0|E e &Y 2ot
HE=Ad FES AEA EXd 23 ARES SR
4} Ul phenolic hydroxyl7]17} o8 Ae]&4S AU 7] of
ol e o] FUEFE I o], FHEHE
A2, I 2 FakstAg 59 Vwo] S7HET16,17).
T3l EgtReolE A E dE EAsY, F2 A4S
Bl 3 EZ 3itslag, &34 ﬂﬂ«] Oﬂ , F
= 3 3

=

28, A E37tst er% o 11;% u} 914(18,19).

PST,PSH 28] Al AMEHE A RE2RE F #ls4
e SetEsolE IS Z9 23 Table 1049 2
o] =, 4%, W& MY 23 B 747 01401,
0.1£0.1, 05+0.1 283 0.2+0.1 mg/g®] Jﬂe A Zﬂr@%%
Fiahs Ao Yepdth PST ¥ PSI&
0.6+0.2 mg/gd] A=A FJFES g3t
th FHR0=E PST % PSIE X33
ASHA dgked ole o] EAse =
Hol F&4A @ AAGAHANA Z5F A A
o} A #EE Ae| g9} Bluste] B o PST 9 Jﬂxnxa ﬂg
=0 Syl 718 wgtew, PSTRY o 267k wol
gt e Ao YEgth

A= Ehr ) €

grstE 2 A2 A gk Bojske T2 =2
£ F9 stvolth. g53EL o8 T/HIE o Abgol
a3t FFete] YR ol8T T e A2 H VAR A
Aot} &3t BAFe A7y Sl o3 de,
olFF, HIHRE EFsH olF dFFRY olFFHe dee
FEEA AUlA W] ZasHEE waA FaHo] d
& FASH ST o] A WE BEe 23kek F
2 Q8] o9 A= Aol F2 = o] Hinte] 7hsAd
o] olth o] 3 Aded AFIES S7HA T
YHES wolv 23S 2AWFTHR0). o= Wiz 59

Results were represented as mean=®SEM of three independent

experiments.

YA standard compound was glucose for phenol-sulfuric acid
assay.

T3S 7|Fo2 PSI# PST 2 A|#5<] 740 29
= B3 ES At S 23 Table 200149 2o]
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200 1 W Control
180 . O Glucose

I* Sugar
160 A I O Maple syrup
140 4 T £ Honey

* PS |

120 1 PS I
100 l -

80 1
60 A
40 A
20

SRR |
0

30 60 90 120
Time (min)

Fig. 1. Blood glucose challenge of normal mice fed with the
experimental diets for 2 hours. “Significantly different from
control group at p<0.05.

SAALS A s A AH8E SD rat
X7} 200 mg/dL ©]/¢e] X7t

sto] AREStATE 2 Als o] AFH F o
W FFZ7HA7F M ERen, ARTE heH
3 7o) 71 =UthFig 2). 1 S £oRE

I AFAToIYeH, F & AY FARE 83 F1H 2

Aok 2ol ®E) PST ¥ PSS % F7Hxe 7HE =

A 270 B Bk ulwd w) 217} oF 39, 8% A
© AF%S BAoH S40] ¢hud 1208 Foll= -
of L HAT THE 2 o] B Hel FFo| PR A
AT A BuHeR g9 S7F S AR Almdth
500 - W Control
O Glucose
450 1 Sugar
400 1 O Maple syrup
350 B Honey
B PS|
300 1 PSII
250 o *

0 30 60 20 120
Time (min)
Fig. 2. Effect of experimental diets on oral glucose tolerance
test (OGTT) in streptozotocin (STZ)-induced diabetic rats.
PS I : persimmon syrup I, PSII: persimmon syrup II. “Signifi-
cantly different from control group at p<0.05.

oY
2

4115.6+935.6 min - mg/dL9] W&& YA 2=

3EE

g 58 9 "X 55 41

IFAFE AAeE 2907 7P Fa3 AL A E
Z3E gt Ee &gt g A F4 SRty T
F AH24). TES W de] Wsts Jeh=
gdukg-& g7} A& S o 24 4
F 2A17E ool Ft g A& Hola we}
A F olge] HAE g g Eu e w
g =4 Yelhgr] wjZol 2% 2x)2ke] Ay ddo] 2
Rt} 0318 ¢ Hojd Att o2 Ast] AP
9 9¥x F74E & ) o H] IFAF7E e
2ES AFAT Folle 39 AFA=E PolA 1, kg
34 ol o] WA R ¢ A& BH = ¢ vro}
Az MG HIE JuHoz 74384 ®oh25)

A7e 4 o o sHA 50 g9 '
BHE gl EHE AR AvE 2 PSTIH PSIE A
AXND F d9& A3 CEE ATl Al A 30
T Tl g9A7F HE Ve $ ggo] fa
7] A1Fske] ¥ F 8 1 1208 = 4829 ¥
Fo] FHRIGF S} HEHAAY 5]y FHIIGRT
Z9 49 g2gs glsdthFig. 3). AlFE 4H 308 F
By =P AFHFo| M w2 d9 SUHHE BnYyon,
Ho)E Al 7 v Z7HHE Btk g9 A5E=
EA A R TEIGS VIEH R 3
o] 71 ofe] WAL FA| 15 T FEIGFTE
o S7lE g9dETS 1o A&tk A3 AlFR
B 12087hA] 9] d =29 17 A& ALteta g3
A FE 4+ES A3 Table 337 2o] Yegth A== 7
ng9 ¥xx, Ag 1 AlY agla #o 83%7d
Ao Z}zZ} 44227+519.7, 2327.4+102.5, 835.1+142.3 1€
al
2

o WREAUAL NFo 4Ee 4, WolF A

aEal F g AeE 47 526, 200 12 9309 23

s YeEtlTh PST 3 PSIT O] @35 7hH AL

100 4

80 A

60

40

ZyZ} 22995

O Glucose

& Sugar

O Honey

£ Maple syrup
PS |
mPSIl

0 30

60

Time (min)

mem ILE - fH
[ [

90

]

120

Fig. 3. Incremental blood glucose after administration of the
experimental diets for 2 hours in healthy subjects. “Signifi-
cantly different from control group at p<0.05.
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Table 3. The areas under the curve after ingestion, the mean
glycemic index (GI) of glucose of PSI and PSII

Area under curve

(min * mg/dL) Gl
Glucose 4422.7+519.7 100.0
Sugar 2327.4+102.5 52.6
Maple syrup 885.1+£142.3 20.0
Honey 41156+935.6 93.0
PS1 2299.5+274.5 519
PSTI 1581.9+495.6 35.7

Results were represented as mean=+SEM of three independent
experiments.

2745, 1581.9+495.6 min - mg/dLe] H &S JEH

Zo] Gg=rtH AL J|FoE A3 R
1.9, 3B7Y #E JERTE AT B AlQ)sta
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