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ABSTRACT

Low glycemic index (GI) foods have been reported to be very important in the control of blood glucose levels in diseases
such as diabetes mellitus and obesity, which are becoming more prevalent in Korea. Bread consumption at breakfast and
as a snack is also on the rise. To provide low GI alternatives, breads supplemented with dietary fibers-
fructooligosaccharide (FOS), ground whole rye, and 2 types of resistance starch (RS2 and RS4)-were developed. The Gls
for these breads were evaluated with 13 healthy college students (M6, F7) and sensory tests were done. Four kinds of
breads were made through the modification of a basic recipe for white bread (the control, B) as follows: for Bf, the entire
amount of sugar was replaced with FOS. For Ryef, 50% of the white wheat flower was replaced with roughly ground
wholerye (20 mesh: 12-20 mesh =1 : 3) in addition to replacing sugar with FOS. For RS2f and RS4f, 20% of the white
wheat flower was replaced with RS2 or RS4, in addition to replacing sugar with FOS. The overall preference score of
Bf was similar to that of B, while those of Ryef, RS2f and RS4f were lower than that of B, but showed the acceptable
degree of the overall preference. The glycemic indices of Ryef and RS2f were 46.1 and 45.9 respectively, which were
significantly lower than the GI of B, 67.8. The Gls of Bf and RS4f were, however, 66.7 and 80.5 respectively, showing
no significant difference compared to B. The glycemic loads for a 30 g serving were 9.5, 5.9, 6.2, 11.0 and 9.0 for B,
Bf, Ryef, RS2f and RS4f, respectively. In conclusion, addition of RS2 or roughly ground whole rye to the dough formula
significantly lowered the GI. Since the preferences shown for those two breads were acceptable, they may be recommended
as a substitute for white bread for persons who need blood glucose management. More studies on the bread making
process are required to improve preference and acceptance. Although GI lowering effects for F and RS4 were not found
in this study, further studies are needed to verify their effects. (Korean J Community Nutrition 12(2): 189~197, 2007)
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17.2% 723 200599 24.2%9 2% F45) S71EA
t}(Korea National Statistical Office 2005). ©]&|3t &
7F FAE =9 AT 57 @4 3 X&d Aow H
=31 ot

Il g 542 89 w5 njAgEd
ZA (Coulston 5 1988), AALaHE B3 g =
+ Faslth H grsel A% T, 953
A AE] FHEG FerE d9 24 & 43S u)A
°3 BuH 3 A} (Pereira 5 2002; Willett 5 2002;
Pi—Sunyer 2002; Steyn 5 2004). & 237} Hx] &
ol @3 Je2 AAlsh= Aolidf AAllse] ¢deid Jlu &
3k Fdolu Fejlof et A £ T gElbo] 8
A=At 48} - F9 @ A5 27 diH3o] Qo] &
3} F7h W AFS 89 uhgo] webA Fido] 5453
7St A led 9 U JEniEd ] vk
5 AR EA 31t (Coulston 5 1984).

Jenkins 5 (1981)2 A% &3s}E9 43} - £ &5
= ek @9AS (glycemic index, GDE Alskeith,
AT A5 A% g3 A AES 7IEAE 8
F 3 AT} vlwste] BE-E2 Jepd Aot} & AF
of ¥&¥ #84 ®<3}E (available carbohydrate)
50~100 g2 AH T 5 vhehbe 9 ke SAREA L, 7]
2 zrgolt 53 184 BrsEs ¥
SHe 21 (white bread)-& AF$F 3] €9 Hks- 34
o2 vhE HESS usit) ebA ke 51
AFL GUL Rt} fFoi e Aol A= 2E
GIE 57sto] 173t AF A9 7|19 shtz &8s}
2 tH(Foster—Powell 2002).

Gloll 9&& vd T Qe HFYR0Z Aol 53]
843 Aol R, AR R 9 S & 5ol A7
a1 Qkeh ()71, 2002). 3L Wof| u]s)) 2lo]idf geke]
=31 B—glucan B-glucan?} FAR A S L 2h= &
|/ 20)4/<] arabionoxylang 49# g3t vk
(Hwang 2003). < E84 2oldf7<l Aol thst
A7 SusiAn e, AFHEL AT FH
(RS1-RS4)°l wet =1t HEe]
o o] 28R Gorg A 28 9
Bt 71598 AAE] T ok (Muir 5 1994; Cummings
& Englyst 1995; Shin 5 2006) . &3 TE S| pge
STEEAH 07 AT FAEA| R YAatolut AstE e 9
8 Fall=)#] gerh ¥ =T (Tuchys 2001, Guigoz
& 2002).
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ZAHGannon & Nuttall 1987; Granfeldt % 1994),
G} v 2%l ggt g8 A7 (Bornet 5 1987) &
o] 3| o] Foix| 1 o}, &y GIol #E vt
A7 W vlEEH, Lee 5(2005)2 A 138 = 8
2t Ao} led o722 AE AHE AT 5
o] dF BuE YT,

b 2 AteAs AL falvee] 4] S 4
of) ©F-of Thaket Aol df-E H7ReE GIF 2 A s
sle] AAR} 7h2 07 WS s it SRl Al AlE
st} sigitt. Aol Hrtehs ol dREE F 7 HH
ol A, FoU/NF W ZEETY 1G-S AR O
o} A Alzd Ao 7|59 GIE &
o} v WA ste] GI Alet 32 7k
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A7 NE 9 WY

A AR U= AL FEES AMgslglon =
NZEE 95%, AHEAA ) 3 Ao dfaA] o]
9o Age AR Tt 392 T A&
oA w84 T3-S 7Y3te] hammer P22 FEF-
271 (SuperMill 1500, Newport Scientific) 2 45t
(motor speed 1400 rpm at 50 Hz) o2, 1A} =277}
20 mesh "[9Q] A3} 12~20 mesh Alelel &W71%= gt
Eo] F FT/E 1u] 39 H]EZE 4]o] ARSI AR
(resistant starch, RS)< Hi—Maize type 2(RS2,
National Starch Co. USA)¢} cross—linked wheat
starch(RS4, MGP ingredients, USA) & FolA| 22 3]
A2 RE eIt

2ol df 2R THEEE 1Y, TEU/FE, RS2 ¢
RS4Z #7)510] Table 13} 22 vign] 2 4572 Awre
Azt Aol Ad-F-o] wig ]88 7] Al g (B1HA
3%, 2002)3 A% AT (Song § 2000) 2 ofe] B
9] U AEE AR it

k2 AACC(10-10A) 9] F3 RIS ol F3l91e
™ (AACC, 2000), =71 (3478, Ysm 50B) & A3}
A}, o) AE (Q5F7]) 8} o] AEFE (FYLFGAAL, s—
500)& ARSI 25 30°C, AEFE 75%< e ] (oh
F717D oA 502 1A B EAA L, 200 g0 2 #8351t
1A} punch¥ 242} S28)7] 8t RS A2olA] oF 2083t F
H2Eskgdet 7 & 23} punchs sl wha s w9 7)



Table 1. Dough formula for making bread

Ingredient B Bf Ryef RS2f RS4f
9 )] ) ) 9
Wheat flour 1000 1000 500 800 800
Rye, grinded - - 500 - -
RS2 - - -~ 200 -
RS4 - - - - 200
Sugar 80 - ~ - -
Fructooligosaccharde - 80 80 80 80
Sait 18 18 18 18 18
Yeast 24 24 24 24 24
Butter 80 80 80 80 80
Nonfat dry mitk 30 30 30 30 30
improver (s-500) 20 20 20 20 20
Egg 100 100 100 100 100
Water 510 510 444 538 540

B: White bread with sugar

Bf: White bread with fructooligosaccharide
Ryef: Bread with rye and fructooligosaccharide
RS2f: Bread with RS2 and fructooligosaccharide
RS4f: Bread with RS4 and fructooligosaccharide

S, HE 200°C, oFRE 200°C) 2B (Sinmag, SM-
8039) oA FeHict. 3U/MTFE Y2 s AT 7 -9dl
22 TU/R & 200 g2 Eo] 2417 B¢ 3AA
AREEIATE, B P SA] BollA] AU A2ollA] 417
WA F 1 cm FAZ N e BE Aol ARSI

2. 43k TN

W) 7|13 % AR AFgokste) g 25%S e E
Pe AT ol sl Bt 2SI, 2 A g s
3 Az3 A 1 cm FAZ ol DA 1080
3 Aol & A ol AFSIAY, W HAS ALleka W
% (crumb) T8t = FrIEteg 3ot HrHaEe
FoF, A g st 2200 AAAJ He x|, o] H
7VdEe] BHg AAAQ FEER 7k B9
FrH T ol v (13), Yo (23), BEelrh(3
A), FHAR), ¢ FHGHA)Y 5P HER 7|3EE F
7¥etick

r
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A8 Aol ¢k RS 1em’oR AEkA A9
=]

A

T
B =47] (Sartorius, Germany) & FE§=+8 23] vhE
é

2) Ngel R8Y BANE WY

2Amko] G844 el48E (available carbohydrates) &

whRlo} - o1 - A1DA - o] - 191
o FAR, BHOLIF U YR FYghE o83l o
o F2)& ol g3te] A& 313ITH Brouns 5 2005).

T84 BrshkE = F AEX11 - F Aol x1l +

AL, AR 2 FIFHY 4L 23] WHESIle
1, A gE Yadxd ¥ &8 mortarg ©]83te] 348t
3 100 mesh & FHAIA FH8I%ICH FHE T o~
amylase/amyloglucosidase methodE ©]-& 3t Mega—
zyme kit (Megazyme, Ireland)E A&l AA5H9 1L
F Aoldf= AOAC ¥ (1995 &% TDF-100A
kit(Sigma, USA)E o]43l] 33Tt F dF7 S 3
o) ol ) B e edE 319 phenol-
sulfuric el 23l FZsigict.

4, Glycemic index® Glycemic load™ &7

Glycemic index(GD) &8-S gk Al@uldAr X4, &
@574, GI AR 5 ARt 278 Brouns 5 (2005) 2] WY
o] Z3ITE GIE S AT F Al 717 10724 ZHA)
29 GI 3 NP dFY HF o= AN A5 35
He 71EHFoR AN TG AIEE 33 S AEs)
I3 F 730 A 22 88 571 AMA g9 A
15 134 AAlsisich
AR S5 "ol AP elel &ata 1A%
7&eh, B A9 AR 9} 8-& 28] olslista §
= thEy 137 (A 6, 917 7) 22 ATk A1
A8 AT YRS P55, AFAL T X~
A A g bk G HARS B4l gF]sto] AAEAT

o 232 Hal A2 XY Ad Hoj 244
b ol wstal, Aot AAlg Ak JhE It &
R BEE kgl o, A vk 9A] o] FRE 124131 o
FEAEH A v ol 9A|~104]0) E =4 Al S
A&t Al g A8 784 AEEF0] 50 g HEF
&5 st 21E WEsk] Al A7k —70°Cel A%
SIATZE A FAof 2202 FFA vhg o] g8kt

g2 TEFEFAEAH (FE) S o83t 718 ¥
FE2A A (Medisense Optium, ABBOTT Co.)E &35}
o}, FELE oA AP AL EgelA AlEste] ¥3
U XEF 50 g e A8 AR g0 50 ¢
E2AZE ANEE S AL ZEY e A
A

H
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BZoA vEq kR 53~10% o|ujell AHBHEE 3l
242 250 mLe] &3} §7 10~20% Aol H3:3] A
S o1

GI= TE5A 435 715402 3l X530 AlE 4
g A T 12087049 e HA S S35 A
3 Awe] YRy HA S X5 P IR CE e
RS2 AESIETH Brouns $ 2005). Gycemic load
(GL)2 1¢] 18] E2& v g vhs §42 o83t A=

319t (Foster —Powells 2002).

GL = % x 13} serving size2] #-84 ©<3lE &%

6. 5N

EAX T E SPSS 12.0 programe o]-£3ted Aldd
H A9} BFAE TIIL, AT Aol Y
2d(GLM)¥ Duncan’s multiple range test2 #24d<

AZsnt.

o
=

Table 2. Moisture and carbohydrate contents of breads

E9 g2 Table 29 o) Wo] ¢E-g&2 358~
37.8% 2A, 2T (B) 2] A# FolA A3} Arts d7
£ =@e a3y RS42 thA)S 48 (RS41)0] 7FE =
o} f-24Ql Apol= ASith.

% A EF) F Aol FHE ME FYH AlE
BAHp < 0.05). F AR &FL Ryel/t 7FF WL RS4f
7F 7P 30Tk & Aol iR B tiET (B)0] 2.91%E
A AgE ZRESTIF R gAIg B (B) 3.23%%
AR 7P e, ZHE GO T thAS 2]
o] Aol AFAAE HAPE wf FAoMdF E=kol R
Fo 7 Zylalgied 53U e seHEgd ugg ¥
Ryef9} RS29} Z&HEZT| 1S Y& RS2fi= 242t Hat
7.29%, 7.31%% 4.06%, 4.08% 713} ujS=3t Alo}Ad
F 1S BP0 RS4f= 4.7%= 1.47% 7181

AL 9, T HoldF T L T 2F §F Bdw
S ZHE A= -84 SrSEY L 63.7~73.9%
AEHZA Ryefs} RS2f7F vb=] 370 2wxc) 2L gk
< B3}

2.2k
TP 71 Aol i B A ABKs Table 3% 2k

Content B Bf Ryef RS2f RSAf

Moisture (%) 3581 £ 027" 37.00+ 070 36.44 £ 043 36.43 £ 0.22 37.80 £ 1.35

Dry basis (%)  Total starch 59.77 £ 1.78° 5692 £ 0.60° 5453 £ 0.82° 56.85+ 1.08° 6233 + 0.35°
Total dietary fiber 291 £ 0.25° 3.23 £ 0.37° 7.29 £ 0.57° 7.31 £ 0.38° 4,70 + 0.85°
Total sugar 11.34 + 0.92 10.33 £ 0.24 11.77 £ 0.07 10.62 £ 0.38 9.64 £ 0.97
Available carbohydrate 73.89 69.39 63.73 65.11 73.03

1) Vaolues are Mean + SD

sweyniues with different superscripts in the same row are significantly different each other at p < 0.05 by ANOVA and Duncan's

muttiple range test.

B: White bread with sugar, Bf: White bread with fructooligosaccharide, Ryef. Bread with rye and fructooligosaccharide, RS2f. Bread
with RS2 and fructooligosaccharide, RS4f: Bread with RS4 and fructooligosaccharide

Table 3. Sensory test data of breads with different dietary fiber sources

Variables B Bf Ryef RS2f RS4f

Shape 3.52 + 0.65%® 4.40 £ 0.50° 3.64 £ 0.76° 2.96 = 0.68° 324 £ 0.01®
Color 3.84 + 0.47® 4.00 £ 0.50° 3.64 = 0,76® 3.56 £ 0.51® 3.44 + 0.65°
Flavor 3.32 £ 0.69° 3.48 £ 0.65° 3.28 + 0.61%® 3.00 £ 0.65% 2.80 + 0.58°
Taste 4,00 £ 0.50° 3.72 £ 0.61°¢ 3.16 £ 0.80° 3.04 = 0.61%° 2.56 + 0.65°
Texture 412 £ 0.67° 3.52 £ 0.82¢ 3.36 £ 0.9° 3.16 £ 0.75® 2.72 £ 0.61°
Overall acceptability 3.76 = 0.27° 3.82 + 0.37° 3.42 £ 0.43° 314 + 0,30 2.95 £ 0.43°

Values are Mean = SD

®\/alues with different superscripts in the same row are significantly different each other at p < 0.05 by GIM and Duncan's mul-

fiple range test.

B: White bread with sugar, Bf: White bread with fructooligosaccharide, Ryef: Bread with rye and fructooligosaccharide, RS2f: Bread
with RS2 and fructooligosaccharide, RS4f: Bread with RS4 and fructocligosaccharide
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, TEE g Aol /& Hrtet
Ryef, RS2f ¥ RS4f= Bfith 25 & W 713 %
5 2ol Aol Sl ok AjolE Holx| fsith A
A 85 57} B Bf 242 Het 3.76, 3.82% 71
=97 RS4f= 2.952A 718 B (p < 0.05).

[e]
i g

3. GI% GL

1) N ALY QALY

A oAl 139 (=} 6, 9= 7)) Bt ol 22.2
0.841%.0m, BME= 22.87 £ 3.9 kg/m?% FAHH<d] &
3151t (Table 4). X9 B4 AAE F57 X-A 7

Table 4. Age, body size and blood fest levels of the subject
participated in Gl test

uhalo} - o] - 1WA - ojAled - 193
Abe AY gadeldlor, gk A 9 gl HARS] HyH
T EF A HH S35, @Y B4R FollA FEA]
o] 91.9 + 1.2 mg/dL, HbAlc7} 5.5 + 0.10]9itt.
319 Total cholesterol 203.1 = 15.9 mg/dLZA]
FFHAHE JE7]1FQ 200 mg/dLET 2 A
7} AA) 139 FollA 450t

2) GEt GL

2)o)Ad-54A7) ohe 2whe] GIE Table 58} 2] RS2f
7} 45.9 £ 3.19, Ryef 46.1 + 5.16FA] v} 2]%-Eof
nlsl FoJshA Wekow oo 2 RS4f 66.7 £ 7.37, i
Z7R1 B/} 67.8 = 6.28, Bf 80.9 £ 7.4984 M7 #9
Q1 o) 7k giolet. Al B b)) uhE GI2) Aol ¢l
ot Bfgl RS4£9] GI Hato] oxfellA kAR SA1A
oL it M-S 7|E o g A& GI(GI-br) &
RS2f9} Ryef7} 242+ 73.6 £ 8.3, 75.0 £ 13.524] Bf
o Ba) -5 A W3ko™, RS4f] GI-bre] 104.0 £

Variables Mean + SE 14.324 th& 3711 AWE3 7-23Q1 2pol7t gl
Age (vean) 222+ 08 St AAFAgdrE ol 5 (Foster—Powell &
Weight (kg) 66.7 £ 3.7 2002) A AA1E= 242 one serving size?) 100 g3}
Height () 1704 = 28 30 g& Tis}o] AHE¥ GLE Table 69 AA30ic}. 121
Bod'ymcxss index (kg/m?) 229+ 1.1 13) B2k2 30 gﬁ@_uﬂ RS2f9] GLO] 5.9 + 04, Ryef
ot [b/"?"d glucoss e/l 9;2;‘; ;f 7 6.2 + 0724 Uni=] 3712 Aol GL 9.0~11.0 &
Total cholesterol (mg/dL) 203.1 £ 15.9 :%g}@% iﬂ]g:}:}‘f&‘:}. 1_?07‘2_% li‘:gl TR
Blood urea nitrogen (mg/dl) 109+ 06 e W GL k& S7HoM 30 g3 &2 8FS 5o, RS2
Credtine (mg/dl) 07+ 00 19.7 *+ 1.4, Ryef 20.6 * 2.30% Ro} {27 0|5 1.
Hermoglobin (g/dL) 152+ 05 Fow ] 371A] A2 29.9~36.60151tt.
Hematocrit (%) 398+ 1.1
Red blood cell (10°%/uL) 47+ 01 3) GIot HAZA, W HARMAY ATEH
White blood cell (10°uL) 56+ 04 GIot AAFA T W GARA A7) AABAE Lol
Platelet (10%uL) 221.3 £ 11.3 A3} Table 73 o] tF-5o] GIg} &-2l8t AH#IAAE U}
SeoT iy 1E 10 B Qoke). hek BEA R B GIg fold Fel
SGPT (ULL) 125+ 1.4 SBBAE welth

Table 5. Glycemic index of breads
Reference food B Bf Ryef RS2f RS4f

Glucose (n = 13) 67.8 = 6.28° 80.9 + 7.49° 461 £ 5.16° 459 * 3,19° 667 £ 7.37°
Femdle (N = 7) 669 + 6.7 953 + 8.8% 48.6 £ 9.4 465 * 4.6 718 £ 9.4
Male (n = 6) 68.7 £ 11.3 69.3 + 14.1 435+ 5.1 45.4 £ 4.8 59.5 £ 10.0

White bread (n = 13) - 132.2 £ 18.1° 750 £ 135° 73.6 + 8.3° 1040 £ 14.3%

Values are Mean + SE

Bvalues with different superscripts in the same row are significantly different each other at p < 0.05 by GLM and Duncan's multiple

range test.
“MNot significant between the male and the female by test

B: White bread with sugar, Bf; White bread with fructooligosaccharide, Ryef: Bread with rye and fructooligosaccharide, RS2f: Bread with
RS2 and fructooligosaccharide, RS4f: Bread with RS4 and fructooligosaccharide
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Table 6. Gycemic load (GL) of breads

Senving size B Bf Ryef RS2f RS4f
30g GL 9.6 £ 0.9° 106 £ 1.0° 56+ 0.7° 5.7 £ 0.4° 9.1 £ 09
Available carbohydrate(g) 14.2 13.1 12.2 124 13.6
100g GL 32,1 £ 2.9° 354 £ 3.4° 18.7 £ 2.3° 190 £ 1.4° 30.3 £ 3.1°
Available carbohydrate(g) 474 43.7 405 1.4 45.4

Values are Mean + SE

®values with different superscripts in the same row are significantly different each other at p < 0.05 by GLM and Duncan's multiple
rarge test.

B: White bread with sugar, Bf: White bread with fructooligosaccharide, Ryef: Bread with rye and fructooligosaccharide, RS2f: Bread with
RS2 and fructooligosaccharide, RS4f: Bread with RS4 and fructocligosaccharide

Table 7. Corelation coefficients among Gl, body mass index, and blood test levels
Bodymass Fasting HbAlcC Total  Bloodurea Credfine Hemoglobin Hematocrit Redblood  White  Platelet

index blood cholesterol  nitrogen cell blood cell
glucose
Gl B -0.536  -0.695* 0202 0.190 0.080 0.208 0.336 0.469 0.417 0.136 0.251
Bf -0.212 0132 -0363 0.175 0134 0271 -0.258 -0.221 -0.448 -0.007 -0.100
Ryef -0.044 0172 -0470 -0133 -0.305 -0.142 -0.219 -0.235 -0.365 0318 -0.313
RS2f -0.021 -0.264 -0.181 0.038 0054 -0.227 -0.122 -0.142 0173 -0.187 -0.172
RS4f 0.315 -0392 0043 0194 0120 -0.173 -0.155 -0.055 0011  -0.438 -0.356

* p <005
B: White bread with sugar, Bf: White bread with fructooligosaccharide, Ryef: Bread with rye and fructooligosaccharide
RS2f: Bread with RS2 and fructooligosaccharide, RS4f: Bread with RS4 and fructooligosaccharide

GIS} GL2 #12% Fxrds £okslo] A, vvat 5
n A e I AP ES WHE 7ol vk BaE 5 gl
(Bornet 1987; Morris 1999; Pi—sunyer 2002;

A AZA BAVe 4712 Aol G Fold AR B3 Willet 5 2002). wab 9 9 9] B4 o2 Gt %
7hRe AR A28 (RS2)L ERAFE Wi avrt & 8 A3V Had A A4 oA A3 3d7tee
Zout AFAE 49 (RS4) 3 e ud2 712 el RS2E H7he 4% (Ryefst RS2 A AHAE A2 = 9l
LEA] dghet. & dolla] AAIe 137 9] A7l elde] GI v Ryefo} RS29] ARbAQ1 e = A7t vael 24

4 WL e dFAGES B o efgAdo] S-S WB)olv THEZ | 1S HUIet AW B Bt w2 3t

o+ 4= Qi) & Table 404 B30 Q202 ARESHE & ROV 5HMM 3.14~3.42732) FE wigkov g

A BY| GLgkol 67.8 £ 6.2824 02 A7 B89 69 7153l 1 e o APg& Adgske die 2 EAHol

+ 5,71 £ 7 53 FA3819 3 (Foster—Powell 2002),  $1& Ao% AZtgr), & 4wy} B2 AT &5 Kol

191 18] #=Fo] 30 g wiel GLE 9.6 £ 0.984 GA ok Aol fE B33l 247 715 & e A e GIg

2 ?ﬂ«l 9~10%} Hls=8c} (Foster—Powell 2002). zrerhe AL g glabo] gk sl AlE o g 253 s
AR B39 RS2E WiE) 212 50%9 20% o A2 weitka sekgich

ANPE (RYef-ﬂ RS2f) GI 2 GLe] F2J3tA| 7H4315l Ryef?] Gl ZAad= F35H2 2v s} vifuol gad

A ATE YE2T AN [B) 9 32.0~32.3%, THEL & F84 Ao|dFEF (B—glucand} arablonoxylan)
I B Be AH(B) 9 43.0~43.3% °1gtk. Ryef 3 & JRFA7)¢ 71913k= Ao g AR ¥t (Nyman 5
9] Gl 46.124] Wolver 5(1994)¢] AZA& 32%  1984; Aman & 1997). B} Bf2] & 2o)df &
(whole grain pumpernickel) & GI 463} 22 0] 2.91~3.23%Y°] vl Ryefs 7.29%% 226~250% =
t}. GLE 19979 Harvard tigkmellA] g+ 7] 2]ALe] &3 713819909 (Table 2), E5UW/FEE Y2=2717F 1 mm &
BIE Yep)Z] g8l AS AXE AAEeE 19 AHAT Y EE Ao A5E49 FAUAE AA dlo] 231E =F
AF BG5S pest] AEd X5EA Hol2 AFAHe & Fo2AM I S5E WEIvka A2t} (Pereira &
FalEo] ol njAE 9FE o 7 Y AFolth 2 2002; Steyn 5 2004).
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AGARE Al 28 (RS2) & H7Fek 49 RS2f: F 2o
# &7 GI7} Ryefs} A8 2, Ryefs} 22 59
Gl Z2adE vepdlth, A drsks Elaatd
S4E AL EA GIE B Z0F RUFI gl
B AFE olgt e AFEFS Bt (Lee & Oh
2004). A B8 AHE3 RS2E opd 2 9 A Fako] 9091
A o2 By 29SS 229 (Shin 2004) &
327} w0}l 100°ColA B31=A] gkow 43lF 40 2
3] Bl =] kot F 2ol ko] Hrt

b WAARER 7t el o8 4% RS4E Aok
2] RS4f= RS291= 28] GI A8t &7} vrehA] 9kt
t}. o] RS4f] F Aol df o) 4.70%2A RS2
7.31%°) Bl o9 WokE (Table 2) 3 Yx|eh= A2
A, A EE A3 RS49 AOACHH o) &8f 2418 & 2]
o)+ gge] RS2 A58 F Aol gy WA,
RS4Z 37180} 28 Al z3k= B oM RS47} &4 2
£-5 2 e R UslE V) dfel RS4£Y & 2ol
+ &o| v e webA GIA: 37t §le 2o
AZE T F, B Aol ARE-E RS4 Al 5E RS29] 1]
3 & Fo] AlguigAre] Aol Astso] " wkg
F7bll 71 3E Re 2 48 5 vk 8 RS49] F 4
o5 ek BAlo) tfst AOAC ¥ F} pancreatin ¥ 9
Z}o]7} Shin 5 (2004) ¢l &J3l) H %o} RS4E A7k 2
9 GIE &3317] 3= QAW 34 a—amylaseo]
A8t A3k fARE B4HQ) pancreatin—gravimetric
method (37°C, pancreatin, 16417} £3)) & Apdsh= A
ol njgA g A o7 e,

gow AF RSHEE S8 21 AE) GIEY 5 4
YA 75l Ugt AdaTIE 6L @EEA o)FoR
thd AZFAE s} el o] whE ok 9 Az
RS8 g8 F7ka Aol -elvtelelr] RSE o]8-3 4
£9 4 54 (Joe & Ahn 1996; Mun & Shin 2000;
Song & 2000), RSE AEFEA HFHAIHE W] A
A1 &7 (Jeong 2003) 5 7= UCLF RS B8 AFE
2 ¥l mao] sk QAAAE A7 (Oh 5 2002; Lee
& Oh 2004)+= #l}-$- & A7gejch

A ZFe LG o thAste] AW-g Azsh
(B G} 24d AL2Z 7|l ov gz B) = <]
7 230]7} YA o)1= Wahlqvist $(1978) 2} e, o]
35, 2y, YT FHE 2ol HHsge o g9,
3 Ad=d, G Aake] ¥slel] Alol7) iithe dTt9t
Age AR 23garn GV Wb AT Miler 5
1995; Rickard 5 2001) ¢} A8t Aot =3
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Drevon & Bornet (1992)+ A7 3 GugA s ti4t
2 3 ATollA 25 go] Zeteelngd AHA A% F
o] A AFalx] Pstthy B g vl 9lo), g2 4
& & ) 200°C 2= 79 710 e TS| 1
Zo] 23l 7S e 49Uk Kim 5(1995)
Egg1g-g pH 5.5, 100°ColA] 3083 719 e we=
7o) Bajx)z] ekgkort 120°ColA 10% A=, 140°ColA
20~25%, 160°CellA 100% Eaf= ek 3toict, 2w
T8 m) YRR L= 85~95°Co vt EH2 200°Ce 717H]
AR A FH S R oz AZEIT) Bfe & Aol g
o] 2T FAER O TR Ak z 3 o] UK slag
I OERIE G HAEA XS A FE5E AT 1
Aot 2 A7AARE ZHESe 1] 3ol ojmst 3
& X E Ao tig)AE dadsy])E I8y o) S 91E5k)
M E B B2 A7) S8 ofof & Aol

2-S FA 07 FH= A s G &8 B4 7]
FAE O F AMEIE E (Foster—Powell S 2002) Ealw
(B4 Z3A17} 13]¢] EFSFAIRE 4712 2] Aluge] 32w
off tfst GI(GI-br) & 4F&3t A7 (Table 5), GI-br2
RS2f7} 73.6, Ryef 75.00.2 SA}ahA Webg T Bi=
132.224 #9307 E9t) RS4f= 104.084 0159
F FEo)qlt). gto] Q1 -2 uele} ofAjofol M=
BHLE reference foodE 310 GIE ARSI =R 842
Aol orrt § Aow Alg®th(lee T 1997
Sugiyama & 2003).
AP gL A7 e GI &4 viAie 9 g
E3p) A3t GIatat AAZATF 2 A4 9]
Aot Folek RS Bl A A9 itk Al
12}2] AR} EF B AEE 0] 200 mg/dLE.
wout o) Sl FEE FA YokE ACFE AR
A% B 79 T 4714 Awale g 384 89
frolet AEAE Holth Al18 g (DDM) 33}
ofix] FEA Edgto] GIEoN kg 53 99 4
TEAE VERITE 237} 819y (Nielson & Nielsor.
1989), & o] AFEolA wdEE BaEo] Jlu
(Jenkins ¥ 1983; Wolver % 1991) &3t 2 A9 A
FRFRES] 5] @945 25 A4 dolx o)
£ W Aol ol st AddaATE VeRER] elsto =
2 o' AEL Y77t 7HsskR gt
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196 - Ao]Adf- A7} A)wke] glycemic index 74~ &7}

27}Xl (RS2
S} RS4)E ErhTol ‘24_7#, 1 7??* 25 7ipatod 7)
o = @ x| (glycemic index, GDE Hr71EIt}. 4
ol Y7t 43 dizrd ZeRE S| g Ak 3
A (Bf)o] 548 Fol) 3.879] 2 7|35 E B 4o
F5 A71e 3% 3.4~3.08 08 BEo|Ao|qinh. ARe
1 gl 1389 it GIe §94 201 wof RS2
(RS20) s} T3¢ (Ryef)©] 45. 99} 46.12 2791 67.8
B} ugkor) RS4(RS4D 9} =R E g2 1 (Bf) & 242}
66.7¢} 80.5% iz TrA}s}?iE}. 121 18] #3530 g
02 sl AHEe GLE 22 A3 2 Z Ryefe} RS2(7} of
£ Aol vlsf warct.

HAEA o2 APHAE A28 AX BEIUINEE A=
Nuul-o G172 Z¥ o~ §_J+_ L}E}- NiA 7]:5’_‘*_‘_ = o}/\yﬁ el
£ 7Fsdleg de ARt Q7 AREY] A%
2wl o g4 FAkE = ¢l Aotk Alwke) 7T % SS9
] Al Az 7y 2 7o) L GI 4 a3} e
WA ok TS g7 RS47} GIof| njx)= gk o
e 35 o AEofob & AHoirt.
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