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SUMMARY

. Title: Development and validity test on the evaluation of the degree of mastication usingⅠ

Korean staple food, rice and the quality and functionality test trial of Korean meal

. AimsⅡ

The effects of the degree of Mastication using Korean Staple Food, rice need to be explored

to develop the novel method to evaluate the quality and functionality test trial of Korean

meal. The aim of the present study was to characterize the chewing properties of Korean

staple food, steamed rice as well as the representative convenience food, Bibimbap and

Hamburger from east and west. In addition, postprandial glucose and insulin responses of

steamed rice and Bibimbap and Hamburger according to the frequency of chewing; ad libitum,

mean and double chewing were studied and possible influence variables to masticatory

properties like total meal time, satiety change, chewing number, chewing time, eating rate, and

bite size were investigated.

. MethodsⅢ

<Sub-project 1> Characteristics of masticatory properties and postprandial glucose responses of

steamed rice and representative convenience food, Bibimbap and Hamburger

Subjects: 23 healthy university students (11obese vs 12non-obese) at 1st yr-study○

14 healthy university students (8male and 6female, n=14) at 2nd yr-study

Dietary habit questionnaires○

Characteristics of chewing properties were examined using a electromyorgraph○

Postprandial glucose and insulin responses of steamed rice was examined at 1st yr-study.○

Postprandial glucose and insulin, serum triglycerides and free fatty acids responses was○

examined after the intake of Bibimbap and Hamburger according to the chewing frequency;

ad libitum, mean and double chewing at 2nd yr study.

<Sub-project 2> A study on influence variables to masticatory properties during the intake of

steamed rice and Bibimbap and Hamburger

Standard recipes for Bibimbap and Hamburger were selected.○

Analysis of general components of respective diets○

Subjects: 41 healthy male/female university students (obese/non-obese)○

The masticatory test is comprised of free-, mean-, and full-chewed tests, according to○

chewing frequency.

. ResultsⅣ

○ Gender specificity on the masticatory properties was found. Females chew longer and have
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a longer meal duration than males.

○ Non-obese subjects significantly ate meals longer than obese subjects.

○ As increase as the chewing frequency (mean- and full-chewed), bite size, chewing number

(n/100g), and chewing time (sec/100g) were significantly increased while eating rate

(g/min) was significantly decreased on both meal types (hamburger, Bibimbap). ○

Masticatory properties were significant different according to foods such as hamburger,

Bibimbap, and French fries (p<0.001).

○ Significant relations exist between the duration of meal and chewing frequency and

chewing time, chewing speed, eating rate and bite size, while no relations between

chewing properties and the increase of satiety.

○ Postprandial blood glucose and insulin responses could be modified by the increase of

chewing frequency and eating rate especially in males who chew less.

. Outcomes and Plans for the futureⅤ

○ Provision database of masticatory properties of steamed rice, hamburger meal and

Bibimbap

Chewing habit could be useful for the management of healthy weight○

Chewing could be a practical way of intervention to eat slowly○

○ 4 presentations at International Conference

○ 1 manuscript under review at Physiology & Behavior (SCI, IF 2.8)
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(mastication) (particle size) ,

(swallowing)

(mouth bolus) .

Horace Fletcher(1849-1919)

, ‘Fletcherism’ ‘

’ (cephalic phase) ,

(postprandial glycemic response),

,

(thorough mastication)

(Suzuki et al.,

2005)

(Ranawana et al., 2010),

(Henry et al., 2010)

, ‘ ’

‘ ’

.

, 1 1 200 g .

34%, 56%.

1 64.3%

. Meta-analysis 2 , ,

, , (Atkinson et al., 2010)

glycemic index(GI), glycemic

load(GL) DB ,

(Atkinson et al., 2010)

,
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, (hardness),

bolus , , (swallowing threshold)

, , (amylose amylopectin ,

), , / ( / ) ,

, (texture), ,

BMI, (sensory properties)
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.

Age(y) 20.3 2.0 23.5 2.3 21.9 2.6 -2.53* 20.8 1.2 21.2 1.9 21.0 1.5 -0.391

Height(cm) 176.7 5.4 177.5 2.9 177.1 4.2 -0.31 162.9 5.4 161.4 4.4 162.2 4.8 0.492

Weight(Kg) 67.1 5.7 89.3 12.3 78.2 14.8 -4.03** 53.5 4.2 71.6 8.6 61.7 11.3 -4.559**

WC(cm) 75.4 3.2 94.5 9.0 84.9 11.9 -4.92** 72.5 2.3 91.5
10 .

0
81.2 11.9 -4.177*

BMI 21.4 1.1 28.8 4.2 25.1 4.8 -4.20** 20.1 0.7 27.4 2.1 23.4 4.1 -7.359**

SBP(mmHg) 118.8 6.8 128.3 4.8 123.6 7.5 -2.80* 109.5 7.6 120.4 2.6 113.9 8.1 -3.22*

DBP(mmHg) 68.4 4.5 78.3 6.5 73.3 7.4 -3.06* 68.6 7.7 69.8 4.0 69.0 6.2 -0.28

pulse 69.7 7.9 77.8 10.0 73.4 9.5 -1.51 81.6 6.0 78.1 3.4 80.5 5.3 0.92
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,

(p<0.01), ( 2 ) (p<0.01). g

2.5 .

, ( ) (19.3 g) (14.5 g)

(p<0.05). (42.1 ) (29.8 )

2

(p<0.001).

.

(p<0.01),

(p<0.001). g .

, ( ) (16.5 g) (12 g)

(p<0.05). (45.4 ) (40.1 )

2

(p<0.001).

.

male female

Lean Obese
p-

value

Lean Obese
p-

valuemean SD mean SD mean SD mean SD

Steamed rice intake (g) 150 - 150 - - 150 - 150 - -

Meal duration (min) 4.5 1.5 4.7 1.5 .809 6.8 2.1 6.7 2.7 .947

Total Number of Chews 243.6 52.6 342.1 98.1 .061 484.4 172.7 515.0 336.6 .850

Chews/g 1.3 0.7 2.3 0.7 .046 3.2 1.2 3.4 2.2 .850

Eating Rate (g/min) 39.5 13.0 35.6 12.6 .614 25.6 9.4 25.2 7.5 .948

Chewing Speed (s-1) 1.0 0.4 1.1 0.1 .421 1.3 0.5 1.2 0.3 .870

wt of rice(g)/mouthful 19.3 8.6 16.5 6.4 .528 14.5 8.3 12.0 3.3 .728

Chews Per Mouthful 29.8 9.4 45.4 28.3 .228 42.1 22.3 40.1 16.1 .550

Chewing Time Per Mouthful 24.0 8.8 33.6 18.2 .269 31.9 14.6 28.8 9.3 .873

Sum of chewing power (uV) 410.8 155.7 477.9 199.8 .531 205.9 37.5 220.1 64.3 .694

Balance (%) 48.2 11.1 59.2 12.8 .145 48.4 4.0 51.1 11.3 .657
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* p<0.05, ** p<0.01, *** p<0.001, ns not significant

lean obese

male female
p-

value

male female
p-

valuemean SD mean SD mean SD mean SD

Steamed rice intake (g)

Meal duration (min)

Total Number of Chews

Chews/g

Eating Rate (g/min)

Chewing Speed (s-1)

wt of rice(g)/mouthful

Chews Per Mouthful

Chewing Time Per Mouthful

Sum of chewing power (uV)

Balance (%)

.068 .304 .051 .338 .015

.703 .081 .774 .055 .934

.218 .113 -.104 -.075 .069

.216 .526 .560 .678 .711
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§

male female

lean obese p-

value

lean obese p-

valuemean SD mean SD mean SD mean SD

Steamed rice intake (g) 150 0 150 0 - 150 0 150 0 -

Meal duration (min) 5.7 1.0 5.9 1.3 .856 7.2 1.6 7.2 0.9 .928

Total Number of Chews 300.8 51.4 363.5 78.8 .134 375.9 120.3 397.8 52.4 .716

Chews/g 2.0 0.3 2.4 0.5 .134 2.5 0.8 2.7 0.3 .700

Eating Rate (g/min) 27.2 4.4 27.1 5.7 1.000 22.3 4.5 20.0 4.7 .442

Chewing Speed (s-1) 0.9 0.1 1.1 0.2 .065 0.9 0.2 0.9 0.2 .857

wt of rice(g)/mouthful 15.0 -　 15.0 -　 - 15.0 　 15.0 　

Chews Per Mouthful§ 25.0 8.1 40.6 17.2 .084 45.2 9.2 50.0 19.6 .607

Balance (%) 50.4 4.0 51.7 2.5 .518 59.3 8.9 51.5 3.5 .100
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§

lean obese

male female

p

male female

p
mean SD mean SD mean SD mean SD

Steamed rice intake (g) 150 0 150 0 - 150 0 150 0 -

Meal duration (min) 5.7 1.0 7.2 1.6 ** 5.9 1.3 7.2 0.9 **

Total Number of Chews 300.8 51.4 375.9
120.

3
*** 363.5 78.8 397.8 52.4 **

Chews/g 2.0 0.3 2.5 0.8 * 2.4 0.5 2.7 0.3 *

Eating Rate (g/min) 27.2 4.4 22.3 4.5 ** 27.1 5.7 20.0 4.7 *

Chewing Speed (s-1) 0.9 0.1 0.9 0.2 ns 1.1 0.2 0.9 0.2 ns

wt of rice(g)/mouthful 15.0 -　 15.0 　 - 15.0 -　 15.0 　 -

Chews Per Mouthful§ 25.0 8.1 45.2 9.2 ** 40.6 17.2 50.0 19.6 *

Balance (%) 50.4 4.0 59.3 8.9 ** 51.7 2.5 51.5 3.5 ns
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Meal duration
Total Number

of Chews
Eating Rate Chewing Speed

wt of rice

(g)/mouthful

Fasting hunger
r=.100 r=.215 r=-.043 r=.165 -

p=.505 p=.177 p=.776 p=.302 -

Fasting satiety
r=-.026 r=-.052 r=-.060 r=-.098 -.

p=.865 p=.748 p=.690 p=.541 -

Meal duration
Total Number

of Chews
Eating Rate Chewing Speed

wt ofrice

(g)/mouthful

.095 .220 -.291 -.046 -

.543 .168 .058 .775

.147 .178 -.015 -.083 -.

.345 .265 .925 .607
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male female

lean obese
p-

value

lean obese
p-

value
mean SD mean SD mean SD mean SD

Steamed rice intake (g) 150 0 150 0 150 0 150 0

Meal duration (min) 6.7 1.2 7.3 1.2 8.6 1.3 7.9 0.1

Total Number of Chews 565.1 63.9 612.4 73.5 693.6 37.4 644.8 47.7

Chews/g 3.8 0.4 4.1 0.5

Eating Rate (g/min) 23.8 5.0 21.2 4.0 17.9 2.4 17.7 2.8

Chewing Speed (s
-1
) 1.4 0.1 1.4 0.2 1.4 0.2 1.4 0.1

wt of rice(g)/mouthful 15.0 - 15.0 - 15.0 - 15.0 -

Chews Per Mouthful 46.4 11.3 58.4 24.2 52.4 6.1 51.8 2.1
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lean obese

male female
p-

value

male female
p-

valuemean SD mean SD mean SD mean SD

Steamed rice intake (g) 150 0 150 0 - 150 0 150 0 -

Meal duration (min) 6.7 1.2 8.6 1.3 ** 7.3 1.2 7.9 0.1 *

Total Number of Chews

(TNC)
565.1 63.9 693.6 37.4 *** 612.4 73.5 644.8 47.7 *

Chews/g 3.8 0.4 2.4 *** 4.1 0.5 4.3 0.3 **

Eating Rate (g/min) 23.8 5.0 17.9 0.2 ** 21.2 4.0 17.7 2.8 ***

Chewing Speed (s-1) 1.4 0.1 1.4 　 ns 1.4 0.2 1.4 0.1 ns

wt of rice(g)/mouthful 15.0 　 15.0 19.2 ns 15.0 　 15.0 - ns

Chews Per Mouthful(CPM) 46.4 11.3 52.4 6.1 ** 58.4 24.2 51.8 2.1 *

-.281 -.356
*

.296
*

-.001

.050 .012 .039 .997

.440** .495*** -.429** -.017

.002 .000 .002 .905
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-.079 .219 -.168 .290

.605 .148 .269 .053

.411** .261 -.133 -.114

.005 .083 .384 .458
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쌀밥 저작횟수별 혈당 및 인슐린농도 변화 남성Fig 1. ( )

blood

glc

(mmo

l/L)

male lean group male obese group

ad

libitum

mean

CPM

double

CPM
Total

p

ad

libitum

mean

CPM

double

CPM
Total

p
me

an
sd

me

an
sd

me

an
sd

me

an
sd

me

an
sd

me

an
sd

me

an
sd

me

an
sd

0 5.0 0.4 5.0 0.3 4.9 0.5 5.0 0.4 .989 4.8 0.2 5.0 0.4 5.1 0.5 5.0 0.4 .546

30 6.4 0.7 6.4 0.5 6.6 0.6 6.5 0.6 .772 6.3 0.6 6.2 0.6 6.6 0.6 6.4 0.6 .546

60 5.1 0.5 5.8 0.4 5.5 0.7 5.5 0.6 .107 5.7 0.9 5.9 0.6 5.9 0.8 5.8 0.7 .875

90 5.0 0.4 5.3 0.2 5.3 0.5 5.2 0.4 .234 5.2 0.7 5.5 0.6 5.3 0.4 5.3 0.6 .750

120
4.7

a
0.3

5.1

b
0.2

5.2

b
0.3 5.0 0.3 .010 5.1 0.5 5.1 0.3 5.0 0.3 5.1 0.4 .960

180 4.5 0.1 4.7 0.3 4.8 0.3 4.7 0.3 .207 4.6 0.2 4.7 0.4 4.8 0.1 4.7 0.3 .641
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b l oo

d

glc

(mm

ol/L)

ad libitum mean CPM doubleCPM

male

lean

male

obese

p

male

lean

male

obese

p

male

lean

male

obese

p
me

an
sd

mea

n
sd mean sd mean sd mean sd mean sd

0 5.0 0.4 4.8 0.2 ns 5.0 0.3 5.0 0.4 ns 4.9 0.5 5.1 0.5 ns

30 6.4 0.7 6.3 0.6 ns 6.4 0.5 6.2 0.6 ns 6.6 0.6 6.6 0.6 ns

60 5.1 0.5 5.7 0.9 ** 5.8 0.4 5.9 0.6 ns 5.5 0.7 5.9 0.8 ns

90 5.0 0.4 5.2 0.7 ns 5.3 0.2 5.5 0.6 * 5.3 0.5 5.3 0.4 ns

120 4.7 0.3 5.1 0.5 * 5.1 0.2 5.1 0.3 ns 5.2 0.3 5.0 0.3 *

180 4.5 0.1 4.6 0.2 ns 4.7 0.3 4.7 0.4 ns 4.8 0.3 4.8 0.1 ns

blood

glc

(mmol/

L)

male lean male obese

ad libitum
mean

CPM

double

CPM
Total P-

valu

e

ad libitum
mean

CPM

double

CPM
Total P-

valu

emea

n
sd

me

an
sd

mea

n
sd

me

an
sd

mea

n
sd

mea

n
sd

mea

n
sd

me

an
sd

0

min
5.0 0.4 5.0 0.3 4.9 0.5 5.0 0.4 .989 4.8 0.2 5.0 0.4 5.1 0.5 5.0 0.4 .546

30

min
6.4 0.7 6.4 0.5 6.6 0.6 6.5 0.6 .772 6.3 0.6 6.2 0.6 6.6 0.6 6.4 0.6 .546

60

min
5.1 0.5 5.8 0.4 5.5 0.7 5.5 0.6 .107 5.7 0.9 5.9 0.6 5.9 0.8 5.8 0.7 .875

90

min
5.0 0.4 5.3 0.2 5.3 0.5 5.2 0.4 .234 5.2 0.7 5.5 0.6 5.3 0.4 5.3 0.6 .750

120

min
4.7a 0.3

5.1

b
0.2

5.2

b
0.3 5.0 0.3 .010 5.1 0.5 5.1 0.3 5.0 0.3 5.1 0.4 .960

180

min
4.5 0.1 4.7 0.3 4.8 0.3 4.7 0.3 .207 4.6 0.2 4.7 0.4 4.8 0.1 4.7 0.3 .641
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쌀밥 저작횟수별 혈당 및 인슐린농도 변화 여성Fig 2. ( )

bloo

d

glc

(mm

ol/L)

femal lean group female obese group

ad

libitum

mean

CPM

double

CPM
Total

p

ad libitum
mean

CPM

double

CPM
Total

p
me

an
sd

me

an
sd

me

an
sd

mea

n
sd

mea

n
sd

me

an
sd

mea

n
sd

mea

n
sd

0 4.7 0.3 4.6 0.2 4.9 0.3 4.8 0.3 4.8 0.4 5.1 0.1 5.1 0.1 5.0 0.2

30 5.8 0.6 5.6 0.5 6.0 0.6 5.8 0.6 6.1 0.4 6.6 0.7 6.7 0.4 6.5 0.5

60 4.9 0.5 4.6 0.5 5.0 0.7 4.8 0.6 5.1 0.8 5.7 0.3 5.5 0.7 5.4 0.6

90 4.7 0.2 4.6 0.4 4.9 0.4 4.7 0.4 5.1 0.5 5.4 0.6 5.4 0.7 5.3 0.6

120 4.5 0.4 4.5 0.2 4.7 0.1 4.6 0.3 4.8 0.5 5.1 0.3 4.8 0.1 4.9 0.4

180 4.6 0.3 4.4 0.2 4.5 0.3 4.5 0.3 4.7 0.2 4.8 0.2 4.8 0.2 4.8 0.2
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blood

glucose

(mmol/L)

lean group obese group

male female

P-value

male female

P-value
mean SD mean SD mean SD mean SD

0 min 5.0 0.4 4.7 0.3 ** 4.8 0.2 4.8 0.4 **

30 min 6.4 0.7 5.8 0.6 ** 6.3 0.6 6.1 0.4 **

60 min 5.1 0.5 4.9 0.5 * 5.7 0.9 5.1 0.8 *

90 min 5.0 0.4 4.7 0.2 * 5.2 0.7 5.1 0.5 *

120 min 4.7a 0.3 4.5 0.4 * 5.1 0.5 4.8 0.5 *

180 min 4.5 0.1 4.6 0.3 ns 4.6 0.2 4.7 0.2 ns

쌀밥 자유저작Fig 3. 후 혈당 및 인슐린농도 변화 성별 비만도별: ,

blood

glc

(mmol

/L)

ad libitum mean CPM doubleCPM

female

lean

female

obese
p

female

lean

female

obese
p

female

lean

female

obese
p

mean sd mean sd mean sd mean sd mean sd mean sd

0

min
4.7 0.3 4.8 0.4 ns 4.6 0.2 5.1 0.1 * 4.9 0.3 5.1 0.1 ns

30

min
5.8 0.6 6.1 0.4 * 5.6 0.5 6.6 0.7 ** 6.0 0.6 6.7 0.4 *

60

min
4.9 0.5 5.1 0.8 * 4.6 0.5 5.7 0.3 ** 5.0 0.7 5.5 0.7 *

90

min
4.7 0.2 5.1 0.5 * 4.6 0.4 5.4 0.6 * 4.9 0.4 5.4 0.7 *

120

min
4.5 0.4 4.8 0.5 ** 4.5 0.2 5.1 0.3 * 4.7 0.1 4.8 0.1 ns

180

min
4.6 0.3 4.7 0.2 ns 4.4 0.2 4.8 0.2 * 4.5 0.3 4.8 0.2 *



- 27 -

blood

glucose

(mmol/L)

lean group obese group

male female

P-value

male female

P-value
mean SD mean SD mean SD mean SD

0 min 5.0 0.3 4.6 0.2 ** 5.0 0.4 5.1 0.1 ns

30 min 6.4 0.5 5.6 0.5 *** 6.2 0.6 6.6 0.7 **

60 min 5.8 0.4 4.6 0.5 ** 5.9 0.6 5.7 0.3 **

90 min 5.3 0.2 4.6 0.4 ** 5.5 0.6 5.4 0.6 ns

120 min 5.1 0.2 4.5 0.2 * 5.1 0.3 5.1 0.3 ns

180 min 4.7 0.3 4.4 0.2 * 4.7 0.4 4.8 0.2 ns
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쌀밥 평균저작Fig 4. 후 혈당 및 인슐린농도 변화 성별 비만도별: ,

blood

glucose

(mmol/L)

lean group obese group

male female
P-value

male female
P-value

mean SD mean SD mean SD mean SD

0 min 4.9 0.5 4.9 0.3 ns 5.1 0.5 5.1 0.1 ns

30 min 6.6 0.6 6.0 0.6 * 6.6 0.6 6.7 0.4 ns

60 min 5.5 0.7 5.0 0.7 ** 5.9 0.8 5.5 0.7 **

90 min 5.3 0.5 4.9 0.4 ** 5.3 0.4 5.4 0.7 ns

120 min 5.2 0.3 4.7 0.1 ** 5.0 0.3 4.8 0.1 *

180 min 4.8 0.3 4.5 0.3 * 4.8 0.1 4.8 0.2 ns
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쌀밥 배저작Fig 5. 2 후 혈당 및 인슐린농도 변화 성별 비만도별: ,

Blood glc

IAUC

male female

obese obese

mean SD mean SD mean SD mean SD

ad libitum ns ns

mean CPM ns

doubleCPM ns
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IAUC)

Blood glc

IAUC

lean group obese group

male female

p

male female

p
mean SD mean SD mean SD mean SD

ad libitum 30.8 1.8 28.9 0.2 ns 31.8 2.6 30.6 1.7 ns

mean CPM 32.4 1.6 28.3 1.4 * 32.5 2.4 32.7 1.8 ns

doubleCPM 32.5 2.6 30.1 1.6 * 32.7 2.1 32.3 1.2 ns
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Insul

in

lean obese

ad libitum
mean

CPM

double

CPM
Total

p

ad libitum
mean

CPM

double

CPM
Total

p
mea

n
SD

me

an
SD

me

an
SD

mea

n
SD mean SD

mea

n
SD

mea

n
SD mean SD

0

min
30.4 12.8 42.8 14.3 40.4 11.7 37.8 13.4 ns 60.9 15.1 81.7 30.1 97.9 67.9 80.2 44.0 ns

30

min

150.

1a
39.0

136.

1a
38.9

217.

4b
60.3 167.9 57.4 *

207.3

a
92.1

274.

3a
91.3

397.

0b
91.8 292.9 118.1 **

60

min
92.3 33.2

117.

3
37.8

157.

5
57.2 122.4 49.7 ns 182.4 73.8

245.

0
89.8

308.

8

111.

9
245.4 102.3 ns

90

min
71.0 35.1 99.4 32.9

121.

4
38.5 97.3 39.6 ns 179.2

103.

1

195.

1
74.3

215.

4
71.3 196.6 80.5 ns

120

min

55.9

a
20.6

84.5

ab
31.1

109.

1b
40.1 83.2 37.2 * 142.0 77.7

155.

3
94.7

162.

4
72.0 160.2 77.5 ns

180

min
37.4 25.0 50.5 27.4 51.9 30.0 46.6 26.7 ns 49.6 17.3 91.3 59.1 94.4 48.5 78.4 47.4 ns

Insul
in

ad libitum mean CPM double CPM

lean obese

p

lean obese

p

lean obese

pmea

n
SD

mea

n
SD mean SD mean SD mean SD mean SD

0

min
30.4 12.8 60.9 15.1 ** 42.8 14.3 81.7 30.1 *** 40.4 11.7 97.9 67.9 **

30

min
150.1 39.0 207.3 92.1 ** 136.1 38.9 274.3 91.3 ** 217.4 60.3 397.0 91.8 *

60

min
92.3 33.2 182.4 73.8 *** 117.3 37.8 245.0 89.8 ** 157.5 57.2 308.8 111.9 ***

90

min
71.0 35.1 179.2 103.1 *** 99.4 32.9 195.1 74.3 *** 121.4 38.5 215.4 71.3 **

120

min
55.9 20.6 142.0 77.7 *** 84.5 31.1 155.3 94.7 ** 109.1 40.1 162.4 72.0 ***

180

min
37.4 25.0 49.6 17.3 ** 50.5 27.4 91.3 59.1 ** 51.9 30.0 94.4 48.5 *
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Insul

in

lean obese

ad libitum
mean

CPM

double

CPM
Total

p

ad libitum
mean

CPM

double

CPM
Total

p
me

an
SD

me

an
SD

mea

n
SD

mea

n
SD

mea

n
SD

mea

n
SD mean SD

mea

n
SD

0

min
58.6 18.4 48.3 18.1 49.8 15.2 52.2 16.9 ns 51.7 14.9 74.8 36.7 76.6 20.1 67.7 26.5 ns

30

min
232.3 86.7 225.6 94.6 313.2 65.9 257.0 88.3 ns

198.

8
61.8

262.

6

129.

2
332.5

112.

2

264.

6

112.

5
ns

60

min

105.9

a
86.8

152.3a

b
43.3 201.4b 34.2 156.0 66.3 *

154.

4
81.0

227.

6

104.

1
279.3

159.

8

220.

4

122.

8
ns

90

min
107.0 40.8 130.6 38.8 157.1 48.4 131.6 45.4 ns

126.

6
58.1

190.

8

114.

7
240.6

164.

8

186.

0

121.

7
ns

120

min
92.1 41.0 113.2 26.5 125.7 27.1 110.3 33.5 ns 86.5 40.8

140.

0
78.0 136.7 60.8

121.

1
62.5 ns

180

min
56.7 25.9 52.3 20.6 53.7 14.8 54.2 19.8 ns 39.8 15.8 69.5 32.3 77.8 39.5 62.4 33.2 ns

Insulin

ad libitum mean CPM double CPM

lean obese

p

lean obese

p

lean obese

p
mean SD mean SD mean SD mean SD

mea

n
SD mean SD

0 min 58.6 18.4 51.7 14.9 * 48.3 18.1 74.8 36.7 * 49.8 15.2 76.6 20.1 *

30 min 232.3 86.7 198.8 61.8 ** 225.6 94.6 262.6 129.2 ns 313.2 65.9 332.5 112.2 *

60 min 105.9 86.8 154.4 81.0 ** 152.3 43.3 227.6 104.1 ** 201.4 34.2 279.3 159.8 *

90 min 107.0 40.8 126.6 58.1 ** 130.6 38.8 190.8 114.7 * 157.1 48.4 240.6 164.8 *

120 min 92.1 41.0 86.5 40.8 * 113.2 26.5 140.0 78.0 * 125.7 27.1 136.7 60.8 ns

180 min 56.7 25.9 39.8 15.8 * 52.3 20.6 69.5 32.3 * 53.7 14.8 77.8 39.5 **
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ad libitum

mean CPM

doubleCPM
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lean group obese group

male female

p

male female

p
mean SD mean SD mean SD mean SD

ad libitum

mean CPM

doubleCPM

Table 1. General characteristics of Subjects

Male (n=10) Female (n=10)

Ages(yr) 23.5±4.1 22.1±3.2

BMI1) 23.4±2.6 21.7±3.6

Total intake(g) 322.85±126.23* 175.15±42.51

Time of total intake (min) 10.23±4.68 11.15±1.72

Bite size(g) 16.7±4.9 12.3±2.9

1)BMI range: <18.5;Underweight, 18.5-22.9 ;Normal range, 22.9<;Overweight

*p<0.05
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Table 2. Saliva secretion of rice and brown rice

*p<0.05

Table 4. Time to bolus of rice and brown rice

*p<0.05

4) ( )
Figure 2 ,

. ,

. ,

.

*p<0.05

Figure 2. (A) Reducing sugar contents when adlibitum and full masticated with rice and brownrice.

Male Female

Rice Ad libitum mastication 0.9±1.2 2.5±1.6*

2 CPMⅹ 3.1±2.4 4.1±1.9*
Brown rice Ad libitum mastication 2.0±1.3 4.0±1.6*

2 CPMⅹ 3.6±1.5 5.7±2.2*

Male Female

Rice
Ad libitum mastication(sec) 41.3±24.1NS 43.7±13.3NS

2 CPM(sec)ⅹ 71.7±42.4NS 71.4±19.4NS

Brown

rice

Ad libitum mastication(sec) 39.2±20.6 72.1±42.3*

2 CPM(sec)ⅹ 39.9±13.2 71.8±19.3*
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( 26 ) ,

A01, 06,

08, 13

. .

, B04, 05, 12, 13

. ,

( )

,

(individually different) . ,

( 20 ) , A01,

05, 06, 09

,

. ,

.

( ,

) ,

.

한식 비빔밥 과 양식 햄버거II. ( ) ( ) 저 특 과 저 횟수별 식후 혈액반 및 저

향변수 연
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( )

VAS (cm): -

- Visual analogue scale(VAS)

.

- /

VAS .

(1,2 Test)

- , , ,

,

(3,4

Test)

- , , ,

,

, , , ,

(5,6 Test)

(

*2 )

- , , ,

,

, , , ,

SPSS ver. 18.0

- T-test( , ,

,

)

- One-way ANOVA(

, )

- Two-way AVOVA(

, )

- Correlation(

)
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1) Mean±SD

a-c: Values with different alphabets within the meal types are significantly different by Duncan’s multiple range test

(p<0.05) **p<0.01, ***p<0.001

Male(n=8) Female(n=6) Total(n=14)
p

mean SD mean SD mean SD

Age 22.1 1.9 21.5 1.0 21.9 1.6 ns

Height(cm) 175.5 7.7 164.5 6.7 170.8 9.0 *

Weight(kg) 67.8 5.5 56.6 4.2 63.0 7.5 **

BMI 22.0 0.7 20.9 1.1 21.5 1.0 *

Fastingglucose(mmol/L) 5.2 0.2 5.1 0.3 5.2 0.3 ns

Fasting insulin(pmol/L) 55.9 21.3 53.8 5.8 55.0 16.1 ns

SBP(mmHg) 124.1 11.6 122.7 16.6 123.5 13.4 ns

DBP(mmHg) 76.1 9.7 76.7 12.4 76.4 10.4 ns

Component(g/100g) Hamburger French fries Bibimbap F

Carbohydrate 29.85±0.18b 44.28±0.15a 25.67±0.42c 2450.93***

Protein 8.22±0.16a 4.41±0.08b 4.74±0.21b 307.79***

Fat 13.22±0.16b 19.24±0.03a 3.90±0.08c 11551.21***

Moisture 47.01±0.121)b 29.97±0.03c 64.73±0.32a 15554.50***

Ash 1.71±0.01b 2.11±0.01a 0.98±0.02c 2339.35***

Dietary fiber 1.54±0.13c 2.49±0.14b 3.58±0.11a 127.60**
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Bibimbap
ad libitum chewing

p

double chewing

pmale(n=8) female(n=6) male(n=8) female(n=6)

Amount of intake (g) 315 200 315 200

Meal duration (min) 9.9 3.8 10.7 4.7 ns 15.4 4.3 19.2 4.9 *

Total number of chews 903.1 409.8 747.1 341.2 ns 1503.1 598.0 1141.5 520.5 ns

Number of mouthfuls 13.1 2.9 13.3 3.4 ns 8.1 1.4 10.4 3.8 ns

Wt of mouthful (g) 25.1 5.7 15.7 3.5 ** 39.7 5.7 23.2 13.5 **

Eating Rate (g/min) 36.4 14.1 21.5 8.1 * 22.4 6.4 26.4 10.5 ns

Chew per mouthful 72.8 37.4 79.0 67.8 ns 184.2 67.8 111.0 66.5 ns

Chewing Speed(s-1) 1.4 0.2 1.0 0.4 * 1.6 0.4 2.4 1.2 ns

left channel(uV) 55.9 19.6 46.2 17.6 ns 61.6 19.6 48.6 15.8 ns

right channel(uV) 73.4 33.0 39.7 13.9 * 65.1 25.5 39.3 9.9 *

Balance (%) 44.0 7.6 53.4 2.6 * 49.2 6.9 54.8 3.3 ns
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Bibimbap

male(n=8)

p

female(n=6)

pad libitum

chewing
double chewing

ad libitum

chewing
double chewing

Amount of intake (g) 315 315 200 200

Meal duration (min) 9.9 3.8 15.4 4.3 * 10.7 4.7 9.2 4.9 ns

Total number of chews 903.1 409.8 1503.1 598.0 * 747.1 341.2 1141.5 520.5 ns

Number of mouthfuls 13.1 2.9 8.1 1.4 ** 13.3 3.4 10.4 3.8 ns

Wt of mouthful (g) 25.1 5.7 39.7 5.7 *** 15.7 3.5 23.2 13.5 ns

Eating Rate (g/min) 36.4 14.1 22.4 6.4 * 21.5 8.1 26.4 10.5 ns

CPM(Chew per mouthful) 72.8 37.4 184.2 67.8 ** 79.0 67.8 111.0 66.5 ns

Chewing Speed(s
-1
) 1.4 0.2 1.6 0.4 ns 1.0 0.4 2.4 1.2 *

left channel(uV) 55.9 19.6 61.6 19.6 ns 46.2 17.6 48.6 15.8 ns

right channel(uV) 73.4 33.0 65.1 25.5 ns 39.7 13.9 39.3 9.9 ns

Balance (%) 44.0 7.6 49.2 6.9 ns 53.4 2.6 54.8 3.3 ns

Hamburger
ad libitum chewing

p
double chewing

p
male(n=8) female(n=6) male(n=8) female(n=6)

Amount of intake (g) 160 160 160 160

Meal duration (min) 5.0 1.8 8.4 3.8 * 7.0 1.8 9.8 4.1 ns

Total number of chews 464.3 184.2 610.9 237.3 ns 665.8 266.0 820.8 332.6 ns

Number of mouthfuls 8.2 1.0 13.5 2.3 *** 5.6 1.0 10.8 2.4 ***

Wt of mouthful (g) 18.8 2.4 11.6 1.8 *** 28.3 4.9 14.7 3.0 ***

Eating Rate (g/min) 34.7 12.0 21.3 8.9 * 23.7 6.1 18.6 7.7 ns

CPM 58.3 28.5 45.5 17.2 ns 118.9 42.6 77.7 32.8 ns

Chewing Speed(s-1) 1.5 0.2 1.3 0.2 * 1.6 0.3 1.5 0.3 ns

left channel(uV) 66.9 18.9 59.0 31.6 ns 51.9 12.8 48.6 15.8 ns

right channel(uV) 67.2 16.3 40.7 8.6 ** 59.6 16.1 37.8 8.3 ns

Balance (%) 49.8 6.5 56.3 7.3 ns 46.7 6.9 56.1 3.4 *
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ad libitum chewing
male(n=8)

p
female(n=6)

p
Bibimbap Hamburger Bibimbap Hamburger

Amount of intake (g) 315 160 200 160

Meal duration (min) 9.9 3.8 5.0 1.8 ** 10.7 4.7 8.4 3.8 ns

Total number of chews 903.1 409.8 464.3 184.2 * 747.1 341.2 610.9 237.3 ns

Number of mouthfuls 13.1 2.9 8.2 1.0 ** 13.3 3.4 13.5 2.3 ns

Wt of mouthful (g) 25.1 5.7 18.8 2.4 * 15.7 3.5 11.6 1.8 *

Eating Rate (g/min) 36.4 14.1 34.7 12.0 ns 21.5 8.1 21.3 8.9 ns

CPM 72.8 37.4 58.3 28.5 ns 79.0 67.8 45.5 17.2 ns

Chewing Speed(s-1) 1.4 0.2 1.5 0.2 ns 1.0 0.4 1.3 0.2 ns

left channel(uV) 55.9 19.6 66.9 18.9 ns 46.2 17.6 59.0 31.6 ns

right channel(uV) 73.4 33.0 67.2 16.3 ns 39.7 13.9 40.7 8.6 ns

Balance (%) 44.0 7.6 49.8 6.5 ns 53.4 2.6 56.3 7.3 ns

Hamburger

male(n=8)

p

female(n=6)

pad libitum

chewing

double

chewing

ad libitum

chewing

double

chewing

Amount of intake (g) 160 160 160 160

Meal duration (min) 5.0 1.8 7.0 1.8 * 8.4 3.8 9.8 4.1 ns

Total number of chews 464.3 184.2 665.8 266.0 ns 610.9 237.3 820.8 332.6 ns

Number of mouthfuls 8.2 1.0 5.6 1.0 *** 13.5 2.3 10.8 2.4 ns

Wt of mouthful (g) 18.8 2.4 28.3 4.9 *** 11.6 1.8 14.7 3.0 ns

Eating Rate (g/min) 34.7 12.0 23.7 6.1 * 21.3 8.9 18.6 7.7 ns

CPM 58.3 28.5 118.9 42.6 ** 45.5 17.2 77.7 32.8 ns

Chewing Speed(s-1) 1.5 0.2 1.6 0.3 ns 1.3 0.2 1.5 0.3 ns

left channel(uV) 66.9 18.9 51.9 12.8 ns 59.0 31.6 48.6 15.8 ns

right channel(uV) 67.2 16.3 59.6 16.1 ns 40.7 8.6 37.8 8.3 ns

Balance (%) 49.8 6.5 46.7 6.9 ns 56.3 7.3 56.1 3.4 ns
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double chewing
male(n=8)

p
female(n=6)

p
Bibimbap Hamburger Bibimbap Hamburger

Amount of intake (g) 315 160 200 160

Meal duration (min) 15.4 4.3 7.0 1.8 ** 9.2 4.9 9.8 4.1 ns

Total number of chews 1503.1 598.0 665.8 266.0 ** 1141.5 520.5 820.8 332.6 ns

Number of mouthfuls 8.1 1.4 5.6 1.0 ** 10.4 3.8 10.8 2.4 ns

Wt of mouthful (g) 39.7 5.7 28.3 4.9 ** 23.2 13.5 14.7 3.0 ns

Eating Rate (g/min) 22.4 6.4 23.7 6.1 ns 26.4 10.5 18.6 7.7 ns

CPM 184.2 67.8 118.9 42.6 * 111.0 66.5 77.7 32.8 ns

Chewing Speed(s-1) 1.6 0.4 1.6 0.3 ns 2.4 1.2 1.5 0.3 ns

left channel(uV) 61.6 19.6 51.9 12.8 ns 48.6 15.8 48.6 15.8 ns

right channel(uV) 65.1 25.5 59.6 16.1 ns 39.3 9.9 37.8 8.3 ns

Balance (%) 49.2 6.9 46.7 6.9 ns 54.8 3.3 56.1 3.4 ns

ad libitum chewing
male(n=8)

p
female(n=6)

p
Bibimbap Hamburger Frenchfries Bibimbap Hamburger Frenchfries

Amount of intake (g) 315 160 80 200 160 40

Meal duration (min) 9.9a 3.8 5.0b 1.8 6.4b 2.3 ** 10.7 4.7 8.4 3.8 6.2 2.0 ns

Total number of chews 903.1a 409.8 464.3b 184.2 529.8b 179.9 * 747.1
341.

2
610.9 237.3 449.3 140.9 ns

Number of mouthfuls 13.1a 2.9 8.2b 1.0 9.8b 3.9 ** 13.3 3.4 13.5 2.3 12.7 1.1 ns

Wt of mouthful (g) 25.1a 5.7 18.8b 2.4 9.7c 4.8 *** 15.7a 3.5 11.6b 1.8 3.2c 0.3 ***

Eating Rate (g/min) 36.4a 14.1 34.7a 12.0 14..8b 6.8 ** 21.5a 8.1 21..3a 8.9 7.4b 2.7 **

CPM 72.8 37.4 58.3 28.5 65.6 49.0 ns 79.0 67.8 45.5 17.2 36.7 9.0 ns

Chewing Speed(s
-1
) 1.4 0.2 1.5 0.2 1.4 0.1 ns 1.0 0.4 1.3 0.2 1.3 0.2 ns

left channel(uV) 55.9 19.6 66.9 18.9 62.7 18.0 ns 46.2 17.6 59.0 31.6 55.8 13.1 ns

right channel(uV) 73.4 33.0 67.2 16.3 69.3 20.3 ns 39.7 13.9 40.7 8.6 45.1 10.5 ns

Balance (%) 44.0 7.6 49.8 6.5 47.7 8.0 ns 53.4 2.6 56.3 7.3 55.0 5.1 ns
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1)

ad libitum chewing
male(n=8) female(n=6)

Bibimbap Hamburger Frenchfries Bibimbap Hamburger Frenchfries

Meal duration*hunger -.2901) -.112 .090 -.178 -.398 -.084

Total number of chews*hunger -.184 .102 .134 .574 -.045 -.011

Number of mouthfuls*hunger .333 .192 .060 .353 -.233 .065

Wt of mouthful (g)*hunger -.356 -.249 .045 -.207 .141 -.028

Eating rate (g/min)*hunger .170 .014 -.090 .237 .287 .087

CPM *hunger -.239 .0003 .084 .461 .044 .185

Chewing speed(s-1)*hunger .453 .338 .041 .570 .864* .233

left channel(uV)*hunger -.025 .341 -.112 .204 .077 -.234

right channel(uV)*hunger -.072 .472 .324 .253 .253 .016

Balance (%)*hunger .041 -.122 -.407 .007 -.065 -.103

double chewing

male(n=8)

p

female(n=6)

p
Bibimbap Hamburger Frenchfries Bibimbap Hamburger Frenchfries

Amount of intake (g) 315 160 80 200 160 40

Meal duration (min) 15.4a 4.3 7.0b 1.8 8.0b 3.4 *** 9.2 4.9 9.8 4.1 5.8 2.2 ns

Total number of

chews

1503.1

a
598.0

665.8

b
266.0 715.3b 346.8 **

1141.5

a

520.

5

820.8a

b

332.

6
518.7b

189.

1
*

Number of mouthfuls 8.1a 1.4 5.6b 1.0 6.6ab 2.5 * 10.4 3.8 10.8 2.4 9.0 5.0 ns

Wt of mouthful (g) 39.7a 5.7 28.3b 4.9 13.4c 4.1 *** 23.2a 13.5 14.7ab 3.0 6.3b 4.2 *

Eating Rate (g/min) 22.4a 6.4 23.7a 6.1 13.4b 8.4 * 26.4a 10.5 18.6a 7.7 8.5b 3.8 **

CPM 184.2a 67.8
118.9

b
42.6 104.3b 35.2 * 111.0 66.5 77.7 32.8 62.4 18.5 ns

Chewing Speed(s
-1
) 1.6 0.4 1.6 0.3 1.5 0.2 ns 2.4 1.2 1.5 0.3 1.5 0.2 ns

left channel(uV) 61.6 19.6 51.9 12.8 58.7 14.8 ns 48.6 15.8 48.6 15.8 57.2 21.5 ns

right channel(uV) 65.1 25.5 59.6 16.1 67.1 23.4 ns 39.3 9.9 37.8 8.3 41.9 11.1 ns

Balance (%) 49.2 6.9 46.7 6.9 47.5 9.0 ns 54.8 3.3 56.1 3.4 57.0 3.0 ns
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1)

1)

ad libitum chewing
male(n=8) female(n=6)

Bibimbap Hamburger Frenchfries Bibimbap Hamburger Frenchfries

Meal duration*hunger .0581) .147 -.0001 -.310 -.177 -.377

Eating rate (g/min)*hunger .195 -.045 .230 .189 .053 .135

Total number of chews*hunger .079 .281 -.017 -.774 -.424 -.162

Chewing speed(s-1)*hunger .731 .458 .140 -.314 -.526 .194

Wt of mouthful (g)*hunger -.028 .351 .531 .250 .062 -.106

CPM *hunger .053 .319 .410 -.446 -.455 -.460

Balance (%)*hunger .579 .123 .318 -.319 -.476 -.585

Number of mouthfuls*hunger -.009 -.343 -.628 -.326 .055 .087

left channel(uV)*hunger .547 -.174 .065 -.133 -.325 .028

right channel(uV)*hunger .142 -.354 -.319 -.053 -.084 .449

ad libitum chewing

male(n=8) female(n=6)

Bibimbap Hamburger Frenchfries Bibimbap Hamburger Frenchfries

Meal duration*satiety .3981) .110 .371 .244 .202 -.083

Eating rate (g/min)*satiety -.623 -.319 -.661 .015 .094 .234

Total number of chews*satiety .537 .076 .351 .746 .223 .344

Chewing speed(s
-1
)*satiety -.352 -.318 -.343 .352 .020 .659

Wt of mouthful (g)*satiety -.147 -.124 -.144 -.665 .440 .523

CPM*satiety .358 .020 .076 .493 .366 .097

Balance (%)*satiety -.033 .090 -.173 .878* .326 .058

Number of mouthfuls*satiety .186 .082 .320 .512 -.411 -.546

left channel(uV)*satiety -.470 .318 .051 .396 .548 .709

right channel(uV)*satiety -.364 .337 .295 .146 .643 .619
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1)

1)

double chewing

male(n=8) female(n=6)

Bibimbap Hamburger Frenchfries Bibimbap Hamburger Frenchfries

Meal duration*hunger .2781) .448 .010 -.017 -.209 .392

Total number of chews*hunger .504 .350 .086 .432 -.081 .741

Number of mouthfuls*hunger .376 .258 .242 .420 -.332 .783

Wt of mouthful (g)*hunger -.355 -.146 -.017 -.559 .280 -.590

Eating rate (g/min)*hunger -.342 -.393 .003 .229 .076 -.492

CPM *hunger .369 .254 -.053 .185 .121 -.475

Chewing speed(s-1)*hunger .535 -.015 .212 .634 .067 .624

left channel(uV)*hunger .686 -.462 -.150 -.147 -.411 -.518

right channel(uV)*hunger .347 -.233 -.010 -.083 -.424 -.398

Balance (%)*hunger .413 -.136 -.088 -.222 -.790 -.740

double chewing
male(n=8) female(n=6)

Bibimbap Hamburger Frenchfries Bibimbap Hamburger Frenchfries

Meal duration*hunger .0431) -.283 -.484 -.356 -.134 .373

Eating rate (g/min)*hunger .104 .204 .582 .186 .113 -.316

Total number of chews*hunger .334 -.166 -.436 -.450 -.564 -.014

Chewing speed(s-1)*hunger .712* .189 .194 -.082 -.803 -.696

Wt of mouthful (g)*hunger .252 -.306 .244 -.423 -.661 -.287

CPM *hunger .437 -.251 -.458 -.613 -.872* -.416

Balance (%)*hunger .267 .134 .229 -.628 -.212 .033

Number of mouthfuls*hunger -.237 .183 -.315 .557 .710 .191

left channel(uV)*hunger .732* .206 .475 -.456 -.431 -.191

right channel(uV)*hunger .457 -.010 .034 -.274 -.477 -.324
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1)

, , 17-28 .

, g

.

. ,

(p<0.05)

남 에 비빔 저 시 저 간 상< 17>

1)

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

mouthful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 1
1)

　 　 　 　 　 　 　

B .977**1) 1 　 　 　 　 　 　

C .977** 1.000** 1 　 　 　 　 　

D -.929** -.869* -.869* 1 　 　 　 　

E -.029 .174 .174 .178 1 　 　 　

F .036 .110 .108 -.077 .180 1 　 　

G .869* .899** .898** -.803* .251 .500 1 　

H .306 .307 .309 -.242 .088 -.370 .023 1

double chewing
male(n=8) female(n=6)

Bibimbap Hamburger Frenchfries Bibimbap Hamburger Frenchfries

Meal duration*satiety .809*1) .445 .674 -.599 .304 -.608

Eating rate (g/min)*satiety -.748* -.514 -.709* .662 -.196 .633

Total number of chews*satiety .935** .419 .665 -.194 .579 -.545

Chewing speed(s-1)*satiety .707* .348 .143 .705 .641 .174

Wt of mouthful (g)*satiety -.184 -.031 -.640 -.326 .437 .690

CPM*satiety .913** .448 .528 -.310 .741 .745

Balance (%)*satiety .547 .183 .009 .562 .720 .484

Number of mouthfuls*satiety .203 .059 .550 .214 -.404 -.748

left channel(uV)*satiety .515 .268 .004 .487 .638 .481

right channel(uV)*satiety .131 .160 .106 .315 .653 .511
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남 에 햄 거 저 시 저 간 상< 18>

1)

남 에 감 튀 저 시 저 간 상< 19>

1)

, g ,

g .

g

.

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

mouthful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .891** 1 　 　 　 　 　 　

C .892** 1.000** 1 　 　 　 　 　

D -.945** -.910** -.910** 1 　 　 　 　

E .099 .493 .492 -.178 1 　 　 　

F .812* .644 .645 -.675 -.175 1 　 　

G .949** .974** .975** -.915** .328 .794* 1 　

H .463 .679 .680 -.567 .523 .368 .607 1

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

mouthful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .964** 1 　 　 　 　 　 　

C .967** .998** 1 　 　 　 　 　

D -.888
**

-.863
**

-.856
**

1 　 　 　 　

E -.339 -.091 -.108 .377 1 　 　 　

F .334 .199 .201 -.252 -.518 1 　 　

G .708* .608 .609 -.594 -.467 .889** 1 　

H .275 .400 .390 -.303 .377 .256 .339 1
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여 에 비빔 저 시 저 간 상< 20>

1)

여 에 햄 거 저 시 저 간 상< 21>

1)

여 에 감 튀 저 시 저 간 상< 22>

1)

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

rice(g)/mou

thful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .337 1 　 　 　 　 　 　

C .337 1.000** 1 　 　 　 　 　

D -.935** -.069 -.069 1 　 　 　 　

E -.278 .472 .472 .419 1 　 　 　

F -.165 -.543 -.543 .211 -.510 1 　 　

G -.267 .650 .650 .532 .194 -.085 1 　

H .497 .798 .799 -.175 .191 -.293 .490 1

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

rice(g)/mou

thful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .903* 1 　 　 　 　 　 　

C .902* 1.000** 1 　 　 　 　 　

D -.920** -.830* -.829* 1 　 　 　 　

E -.507 -.094 -.092 .510 1 　 　 　

F -.591 -.368 -.367 .719 .601 1 　 　

G .744 .942** .943** -.631 .145 -.038 1 　

H -.118 -.095 -.094 .452 .178 .435 .040 1

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

mouthful

Chews Per

Mouthful

(CPM)
§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .796 1 　 　 　 　 　 　

C .797 1.000** 1 　 　 　 　 　

D -.938** -.782 -.782 1 　 　 　 　

E -.569 .021 .020 .564 1 　 　 　

F -.674 -.537 -.536 .882* .534 1 　 　

G .901* .916* .917* -.834* -.208 -.567 1 　

H .248 -.131 -.131 .048 -.404 .372 .143 1
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남 에 비빔 저 시 저 간 상< 23> 2

1)

남 에 햄 거 저 시 저 간 상< 24> 2

1)

남 에 감 튀 저 시 저 간 상< 25> 2

1)

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

rice(g)/mou

thful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .900** 1 　 　 　 　 　 　

C .901** 1.000** 1 　 　 　 　 　

D -.965** -.828* -.829* 1 　 　 　 　

E .293 .674 .673 -.168 1 　 　 　

F -.374 -.382 -.382 .405 -.155 1 　 　

G .806* .920** .920** -.721* .677 -.007 1 　

H .415 .437 .437 -.370 .290 -.464 .194 1

Meal

duration

(min)

Total

Number of

Chews

Chews/g
Eating Rate

(g/min)

Chewing

Speed (s-1)

wt of

rice(g)/mout

hful

Chews Per

Mouthful

(CPM)§
Balance (%)

A 1
1)

　 　 　 　 　 　 　

B .980** 1 　 　 　 　 　 　

C .980
**

1.000
**

1 　 　 　 　 　

D -.977** -.965** -.965** 1 　 　 　 　

E .785
*

.886
**

.885
**

-.822
*

1 　 　 　

F -.549 -.655 -.655 .589 -.799
*

1 　 　

G .904
**

.870
**

.870
**

-.880
**

.676 -.231 1 　

H .329 .480 .479 -.309 .687 -.748
*

.087 1

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

rice(g)/mou

thful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .975
**

1 　 　 　 　 　 　

C .975** 1.000** 1 　 　 　 　 　

D -.839** -.761* -.761* 1 　 　 　 　

E .128 .334 .334 .244 1 　 　 　

F -.848
**

-.812
*

-.812
*

.786
*

-.048 1 　 　

G .661 .709* .709* -.635 .257 -.312 1 　

H .492 .460 .460 -.191 .101 -.671 -.232 1
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여 에 비빔 저 시 저 간 상< 26> 2

1)

여 에 햄 거 저 시 저 간 상< 27> 2

1)

여 에 감 튀 저 시 저 간 상< 28> 2

1)

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

rice(g)/mou

thful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .754 1 　 　 　 　 　 　

C .753 1.000** 1 　 　 　 　 　

D -.915* -.448 -.447 1 　 　 　 　

E -.456 .235 .236 .736 1 　 　 　

F .114 -.059 -.059 -.280 -.263 1 　 　

G .831* .955** .955** -.589 .065 .195 1 　

H -.404 -.099 -.099 .498 .509 .230 -.014 1

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

rice(g)/mou

thful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .884* 1 　 　 　 　 　 　

C .884* 1.000** 1 　 　 　 　 　

D -.988** -.856* -.856* 1 　 　 　 　

E -.316 .143 .142 .373 1 　 　 　

F -.616 -.219 -.220 .638 .872* 1 　 　

G .600 .893* .893* -.574 .510 .234 1 　

H -.030 .127 .126 .179 .458 .259 .180 1

Meal

duration

(min)

Total

Number of

Chews

Chews/g

Eating

Rate

(g/min)

Chewing

Speed (s-1)

wt of

rice(g)/mou

thful

Chews Per

Mouthful

(CPM)§

Balance

(%)

A 11) 　 　 　 　 　 　 　

B .859* 1 　 　 　 　 　 　

C .859* 1.000** 1 　 　 　 　 　

D -.969** -.893* -.893* 1 　 　 　 　

E -.443 .052 .052 .342 1 　 　 　

F -.841* -.851* -.851* .947** .176 1 　 　

G -.738 -.715 -.715 .867* .226 .970** 1 　

H -.583 -.741 -.741 .509 -.288 .404 .235 1
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비빔 취 후 별< 29> 혈당

비빔 취 후 별 슐린< 30>

비빔 취 후 저 과 저 시 식후 혈당< 31> 2

저 과 저 시 식후 슐린2

Bibimbap

blood glucose(mmol/L)

ad libitum chewing
p

double chewing
p

male(n=8) female(n=6) male(n=8) female(n=6)

0 min 5.3 0.3 5.0 0.3 ns 5.1 0.2 5.2 0.3 ns

30 min 7.0 1.2 6.7 1.1 ns 6.4 1.4 6.8 0.4 ns

60 min 5.8 0.9 4.8 0.6 * 5.5 0.4 5.4 0.7 ns

90 min 5.5 0.5 4.6 0.3 ** 5.7 0.4 5.3 0.2 ns

120 min 5.4 0.5 4.7 0.3 * 5.1 0.4 5.1 0.4 ns

180 min 4.8 0.4 4.8 0.5 ns 4.8 0.3 4.8 0.3 ns

Bibimbap

blood glucose(mmol/L)

male(n=8)

p

female(n=6)

p
ad libitum chewing double chewing ad libitum

chewing double chewing

0 min 5.3 0.3 5.1 0.2 ns 5.0 0.3 5.2 0.3 ns

30 min 7.0 1.2 6.4 1.4 * 6.7 1.1 6.8 0.4 ns

60 min 5.8 0.9 5.5 0.4 ns 4.8 0.6 5.4 0.7 ns

90 min 5.5 0.5 5.7 0.4 ns 4.6 0.3 5.3 0.2 **

120 min 5.4 0.5 5.1 0.4 ns 4.7 0.3 5.1 0.4 ns

180 min 4.8 0.4 4.8 0.3 ns 4.8 0.5 4.8 0.3 ns

Bibimbap

blood glucose

ad libitum chewing
p

double chewing
p

male(n=8) female(n=6) male(n=8) female(n=6)

0 52.6 19.2 53.5 16.7 ns 49.0 20.4 51.9 13.6 ns

30 402.3 154.5 375.7 105.7 ns 402.6 172.5 395.8 117.6 ns

60 271.9 93.9 187.7 66.2 ns 261.3 148.0 244.0 111.9 ns

90 196.5 78.8 134.8 32.7 ns 246.3 131.3 167.1 91.2 ns

120 190.7 92.2 110.5 39.4 ns 160.1 77.5 144.5 65.4 ns

180 69.6 46.9 76.3 49.7 ns 79.6 40.1 65.2 22.3 ns

Bibimbap

serum Insulin(pmol/L)

male(n=8)

p

female(n=6)

p
ad libitum chewing double chewing

ad libitum

chewing
double chewing

0 min 52.6 19.2 49.0 20.4 ns 53.5 16.7 51.9 13.6 ns

30 min 402.3 154.5 402.6 172.5 ns 375.7 105.7 395.8 117.6 ns

60 min 271.9 93.9 261.3 148.0 ns 187.7 66.2 244.0 111.9 *

90 min 196.5 78.8 246.3 131.3 ns 134.8 32.7 167.1 91.2 **

120 min 190.7 92.2 160.1 77.5 ns 110.5 39.4 144.5 65.4 ns

180 min 69.6 46.9 79.6 40.1 ns 76.3 49.7 65.2 22.3 ns
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Fig 1. Comparative blood glucose and serum insulin responses after the intake of Bibimbap with ad

libitum chewing and double chewing

햄 거 취 후 별 혈당< 33>

Hamburger meal

blood glucose (mmol/L)

ad libitum chewing

p

double chewing

p

male(n=8) female(n=6) male(n=8) female(n=6)

0 min 5.3 0.4 5.3 0.4 ns 5.1 0.2 5.0 0.4 ns

30 min 5.6 0.6 5.7 0.6 ns 5.5 0.8 5.3 0.6 ns

60 min 5.5 0.6 5.4 0.7 ns 5.4 0.7 5.1 0.7 ns

90 min 5.8 0.7 5.4 0.5 * 5.4 0.7 5.2 0.4 ns

120 min 5.4 0.5 5.1 0.5 ns 5.2 0.4 4.8 0.2 *

180 min 5.2 0.5 4.6 0.3 ns 4.7 0.2 4.7 0.2 ns
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햄 거 취 후 별 슐린< 34>

햄 거 취 후 저 횟수별 혈당< 35>

Hamburger meal

serum Insulin (pmol/L)

ad libitum chewing

p

double chewing

p
male(n=8) female(n=6) male(n=8) female(n=6)

0 min 57.7 27.6 64.7 13.6 ns 64.2 57.8 45.0 12.2 ns

30 min 265.2 128.4 293.3 117.6 ns 241.2 99.4 260.6 178.5 ns

60 min 225.8 110.3 302.3 111.9 ns 229.6 109.9 260.3 111.5 ns

90 min 253.5 140.8 273.3 82.2 ns 254.5 135.3 222.1 53.8 ns

120 min 186.4 139.6 202.2 106.7 ns 199.1 86.3 135.9 24.5 ns

180 min 108.3 112.5 80.2 38.3 ns 76.0 44.9 76.6 21.0 ns

Hamburger meal

blood glucose (mmol/L)

male(n=8)

p

female(n=6)

p
ad libitum
chewing double chewing ad libitum

chewing double chewing

0 min 5.3 0.4 5.1 0.2 ns 5.3 0.4 5.0 0.4 ns

30 min 5.6 0.6 5.5 0.8 ns 5.7 0.6 5.3 0.6 *

60 min 5.5 0.6 5.4 0.7 ns 5.4 0.7 5.1 0.7 ns

90 min 5.8 0.7 5.4 0.7 ns 5.4 0.5 5.2 0.4 ns

120 min 5.4 0.5 5.2 0.4 ns 5.1 0.5 4.8 0.2 ns

180 min 5.2 0.5 4.7 0.2 ns 4.6 0.3 4.7 0.2 ns

Hamburger meal

serum Insulin (pmol/L)

male(n=8)

p

female(n=6)

p
ad libitum

chewing
double chewing

ad libitum

chewing
double chewing

0 min 57.7 27.6 64.2 57.8 ns 64.7 13.6 45.0 12.2 ns

30 min 265.2 128.4 241.2 99.4 * 293.3 117.6 260.6 178.5 ns

60 min 225.8 110.3 229.6 109.9 ns 302.3 111.9 260.3 111.5 ns

90 min 253.5 140.8 254.5 135.3 ns 273.3 82.2 222.1 53.8 ns

120 min 186.4 139.6 199.1 86.3 ns 202.2 106.7 135.9 24.5 ns

180 min 108.3 112.5 76.0 44.9 ns 80.2 38.3 76.6 21.0 ns
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Fig 2. Comparative blood glucose and serum insulin responses after the intake of Hamburger meal

with ad libitum chewing and double chewing

저 시 식 형별 식후 혈당< 37>

ad libitum

blood glucose(mmol/L)

male(n=8)

p

female(n=6)

p

Bibimbap Hamburger meal Bibimbap Hamburger meal

0 min 5.3 0.3 5.3 0.4 ns 5.0 0.3 5.3 0.4 ns

30 min 7.0 1.2 5.6 0.6 ns 6.7 1.1 5.7 0.6 ns

60 min 5.8 0.9 5.5 0.6 ns 4.8 0.6 5.4 0.7 ns

90 min 5.5 0.5 5.8 0.7 * 4.6 0.3 5.4 0.5 **

120 min 5.4 0.5 5.4 0.5 ns 4.7 0.3 5.1 0.5 ns

180 min 4.8 0.4 5.2 0.5 ns 4.8 0.5 4.6 0.3 ns
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저 시

Fig 3. Comparative blood glucose and serum insulin responses after the intake of Hamburger meal

and Bibimbap with ad libitum chewing

ad libitum

serum Insulin (pmol/L)

male(n=8)

p

female(n=6)

p
Bibimbap Hamburger meal Bibimbap Hamburger meal

0 min 52.6 19.2 57.7 27.6 ns 53.5 16.7 64.7 13.6 ns

30 min 402.3 154.5 265.2 128.4 ns 375.7 105.7 293.3 117.6 ns

60 min 271.9 93.9 225.8 110.3 ns 187.7 66.2 302.3 111.9 ns

90 min 196.5 78.8 253.5 140.8 ns 134.8 32.7 273.3 82.2 ns

120 min 190.7 92.2 186.4 139.6 ns 110.5 39.4 202.2 106.7 ns

180 min 69.6 46.9 108.3 112.5 ns 76.3 49.7 80.2 38.3 ns
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저 시 식 형별 식후 혈당< 39> 2

저 시 식 형별 식후 슐린2

Fig 3. Comparative blood glucose and serum insulin responses after the intake of Hamburger meal

and Bibimbap with double chewing

double chewing

blood glucose (mmol/L)

male(n=8)

p

female(n=6)

p
Bibimbap

Hamburger

meal
Bibimbap Hamburger meal

0 min 5.1 0.2 5.1 0.2 ns 5.2 0.3 5.3 0.4 ns

30 min 6.4 1.4 5.5 0.8 ns 6.8 0.4 5.7 0.6 ns

60 min 5.5 0.4 5.4 0.7 ns 5.4 0.7 5.4 0.7 ns

90 min 5.7 0.4 5.4 0.7 ns 5.3 0.2 5.4 0.5 ns

120 min 5.1 0.4 5.2 0.4 ns 5.1 0.4 5.1 0.5 ns

180 min 4.8 0.3 4.7 0.2 * 4.8 0.3 4.6 0.3 ns

double chewing

serum Insulin (pmol/L)

male(n=8)

p

female(n=6)

p
Bibimbap Hamburger meal Bibimbap Hamburger meal

0 min 49.0 20.4 64.2 57.8 ns 51.9 13.6 45.0 12.2 ns

30 min 402.6 172.5 241.2 99.4 ns 395.8 117.6 260.6 178.5 ns

60 min 261.3 148.0 229.6 109.9 ns 244.0 111.9 260.3 111.5 ns

90 min 246.3 131.3 254.5 135.3 ns 167.1 91.2 222.1 53.8 ns

120 min 160.1 77.5 199.1 86.3 ns 144.5 65.4 135.9 24.5 ns

180 min 79.6 40.1 76.0 44.9 ns 65.2 22.3 76.6 21.0 ns
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Bibimbap meal

serum TG(mg/dL)

ad libitum chewing
p

double chewing
p

male(n=8) female(n=6) male(n=8) female(n=6)

0 min 92.9 46.3 83.2 31.1 ns 81.4 29.5 76.6 17.6 ns

30 min 104.4 53.1 83.8 35.0 ns 91.8 35.8 74.1 22.7 ns

60 min 110.8 61.2 88.9 37.4 ns 100.0 43.0 84.7 24.5 ns

90 min 111.0 58.3 93.2 46.4 ns 102.0 46.1 84.8 26.3 ns

120 min 106.0 47.7 95.0 50.1 ns 101.1 42.2 90.2 18.3 ns

180 min 98.8 40.3 99.7 56.9 ns 99.1 46.9 84.7 29.6 ns

Hamburger meal

serum TG (mg/dL)

ad libitum chewing

p

double chewing

p
male(n=8) female(n=6) male(n=8) female(n=6)

0 min 145.9 162.5 83.7 26.6 ns 84.9 40.8 84.0 28.5 ns

30 min 145.9 167.8 88.5 24.1 ns 101.6 45.0 93.8 32.9 ns

60 min 183.4 148.0 121.1 36.7 ns 124.4 49.7 127.5 46.4 ns

90 min 216.4 163.8 143.7 49.7 ns 150.4 50.0 159.3 54.8 ns

120 min 225.9 160.8 166.5 50.2 ns 155.6 57.2 176.7 72.7 ns

180 min 182.9 111.8 147.0 61.2 ns 140.0 69.4 164.4 106.4 ns

Bibimbap

serum TG(mg/dL)

male(n=8)

p

female(n=6)

pad libitum

chewing
double chewing

ad libitum

chewing
double chewing

0 min 92.9 46.3 81.4 29.5 ns 83.2 31.1 76.6 17.6 ns

30 min 104.4 53.1 91.8 35.8 ns 83.8 35.0 74.1 22.7 ns

60 min 110.8 61.2 100.0 43.0 ns 88.9 37.4 84.7 24.5 ns

90 min 111.0 58.3 102.0 46.1 ns 93.2 46.4 84.8 26.3 ns

120 min 106.0 47.7 101.1 42.2 ns 95.0 50.1 90.2 18.3 *

180 min 98.8 40.3 99.1 46.9 ns 99.7 56.9 84.7 29.6 ns

Hamburger meal

serum TG(mg/dL)

male(n=8)

p

female(n=6)

pad libitum

chewing
double chewing

ad libitum

chewing
double chewing

0 min 145.9 162.5 84.9 40.8 ns 83.7 26.6 84.0 28.5 ns

30 min 145.9 167.8 101.6 45.0 ns 88.5 24.1 93.8 32.9 ns

60 min 183.4 148.0 124.4 49.7 ns 121.1 36.7 127.5 46.4 ns

90 min 216.4 163.8 150.4 50.0 ns 143.7 49.7 159.3 54.8 *

120 min 225.9 160.8 155.6 57.2 * 166.5 50.2 176.7 72.7 *

180 min 182.9 111.8 140.0 69.4 ns 147.0 61.2 164.4 106.4 ns
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Fig 4. Comparative total lipid and free fatty acids responses after the intake of Hamburger meal

and Bibimbap with ad libitum chewing

ad libitum

serum TG(mg/dL)

male(n=8)

p

female(n=6)

p
Bibimbap meal Hamburger meal

Bibimbap

meal
Hamburger meal

0 min 92.9 46.3 145.9 162.5 ns 83.2 31.1 83.7 26.6 ns

30 min 104.4 53.1 145.9 167.8 ns 83.8 35.0 88.5 24.1 ns

60 min 110.8 61.2 183.4 148.0 ns 88.9 37.4 121.1 36.7 ns

90 min 111.0 58.3 216.4 163.8 ns 93.2 46.4 143.7 49.7 ns

120 min 106.0 47.7 225.9 160.8 ns 95.0 50.1 166.5 50.2 ns

180 min 98.8 40.3 182.9 111.8 ns 99.7 56.9 147.0 61.2 ns

double chewing

serum TG (mg/dL)

male(n=8)

p

female(n=6)

p
Bibimbap Hamburger meal Bibimbap Hamburger meal

0 min 81.4 29.5 84.9 40.8 ns 83.7 26.6 84.0 28.5 ns

30 min 91.8 35.8 101.6 45.0 ns 88.5 24.1 93.8 32.9 ns

60 min 100.0 43.0 124.4 49.7 ns 121.1 36.7 127.5 46.4 ns

90 min 102.0 46.1 150.4 50.0 ns 143.7 49.7 159.3 54.8 ns

120 min 101.1 42.2 155.6 57.2 ns 166.5 50.2 176.7 72.7 ns

180 min 99.1 46.9 140.0 69.4 ns 147.0 61.2 164.4 106.4 ns
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Fig 5. Comparative total lipid and free fatty acids responses after the intake of Hamburger meal

and Bibimbap with double chewing

male(n=8)

p

female(n=6)

p
Bibimbap

H am b u r g e r

meal
Bibimbap

H a m b u r g e r

meal

ad libitum chewing 1012.6 89.0 979.5 47.5 ns 915.0 76.9 959.6 38.9 ns

double chewing 983.4 74.6 937.3 66.5 ns 945.7 77.9 897.4 62.2 ns

Bibimbap

p

Hamburger meal

p
male(n=8) female(n=6) male(n=8) female(n=6)

ad libitum chewing 1012.6 89.0 915.0 76.9 ns 979.5 47.5 959.6 38.9 ns

double chewing 983.4 74.6 945.7 77.9 ns 937.3 66.5 897.4 62.2 ns
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저 횟수가 식후 혈청 에 미 는 향 별차< 53> FFA IAUC ;

저 횟수가 식후 혈청 에 미 는 향 별차< 54> FFA IAUC ;

male(n=8)

p

female(n=6)

p
Bibimbap Hamburger meal Bibimbap Hamburger meal

ad libitum chewing 35506.7 12429.3 35967.7 15664.6 ns 28160.2 5571.5 35967.7 15664.6 ns

double chewing 32908.9 18278.6 31940.1 11688.0 ns 36480.3 10880.9 31940.1 11688.0 ns

Bibimbap
p

Hamburger meal
p

male(n=8) female(n=6) male(n=8) female(n=6)

ad libitum chewing 35506.7 12429.3 28160.2 5571.5 ns 35967.7 15664.6 32157.1 8698.9 ns

double chewing 32908.9 18278.6 36480.3 10880.9 ns 31940.1 11688.0 30012.8 10614.8 ns

male(n=8)

p

female(n=6)

p
Bibimbap Hamburger meal Bibimbap Hamburger meal

ad libitum chewing 18718.1 8853.4 17261.3 7172.2 ns 16310.0 7489.5 14850.0 4003.8 ns

double chewing 32593.1 27160.8 22708.1 8850.0 ns 22512.5 6733.2 24172.5 9702.5 ns

Bibimbap
p

Hamburger meal
p

male(n=8) female(n=6) male(n=8) female(n=6)

ad libitum chewing 18718.1 8853.4 16310.0 7489.5 ns 17261.3 7172.2 14850.0 4003.8 ns

double chewing 32593.1 27160.8 22512.5 6733.2 ns 22708.1 8850.0 24172.5 9702.5 ns

male(n=8)
p

female(n=6)
p

Bibimbap Hamburger meal Bibimbap Hamburger meal

ad libitum chewing 35811.0 5853.4 46053.8 8853.4 ns 32163.0 953.4 35512.5 1553.4 ns

double chewing 25551.0 1153.4 36067.5 8853.4 ns 23367.0 1153.4 35662.5 2153.4 ns

Bibimbap
p

Hamburger meal
p

male(n=8) female(n=6) male(n=8) female(n=6)

ad libitum chewing 35811.0 5853.4 32163.0 953.4 ns 46053.8 8853.4 35512.5 1553.4 ns

double chewing 25551.0 1153.4 23367.0 1153.4 ns 36067.5 8853.4 35662.5 2153.4 ns
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(n=21) (n=20)

NM
(n=10)

OM
(n=11)

NF
(n=10)

OF
(n=10)

Age 23.30±1.421) 23.27±2.53 21.20±0.92 21.10±0.88

BMI2) 21.95±2.96 26.18±2.59 20.26±1.74 27.81±3.74
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비빔밥 표준레시피

량1 340g

도 60℃

시간 60 min.

조리기기 가스 지
전 지

가격 2,374

ingredients
Amount(g) 양념(ml)

As

Purchased

(AP)

Edible Portion

(EP)

ingredient Amount ingredient Amount

hetbahn

Chi-namul

Carrot

bean sprouts

Shiitake

egg

Minced beef

Minced garlic

Minced

green onion

sesame oil

cooking oil

Salt

Sugar

sesame

soy sauce

red pxepper pasxte

alcohxol

pepper

198

30

17

37

8

25

10

2.5

1.3

4.5

6

2.2

0.5

1.8

1.3

10

0.5

0.1

198

20

15

35

5

25

10

2.5

1.3

4.5

6

2.2

0.5

1.8

1.3

10

0.5

0.1

①

Minced garlic

Minced

green onion

sesame

Salt

sesame oil

②

Minced

green onion

Minced garlic

Salt

sesame oil

sesame

③

Salt

sesame oil

Minced garlic

0.5

0.5

0.5

0.4

0.5

0.3

1

1.5

0.5

0.5

0.3

0.5

0.5

④

soy sauce

Minced garlic

sesame oil

sesame

Sugar

⑤

soy sauce

Minced

green onion

Sugar

Minced garlic

sesame oil

sesame

alcohol

pepper

0.8

0.2

0.5

0.3

0.2

0.5

0.5

0.3

0.3

0.5

0.5

0.5

0.1

Total amount 340g
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1) Mean±SD

a-c: Values with different alphabets within the meal types are significantly different by Duncan’s multiple range test (p<0.05)

**p<0.01, ***p<0.001

1) Mean±SD
*p<0.05 , *** p <0.001
NS : Not siginificant

Component Hamburger (g) French fries (g) Bibimbap (g) F

Moisture 47.01±0.121)b 29.97±0.03c 64.73±0.32a 15554.50***

Fat 13.22±0.16b 19.24±0.03a 3.90±0.08c 11551.21***

Protein 8.22±0.16a 4.41±0.08b 4.74±0.21b 307.79***

Ash 1.71±0.01b 2.11±0.01a 0.98±0.02c 2339.35***

Carbohydrate 29.85±0.18b 44.28±0.15a 25.67±0.42c 2450.93***

Dietary fiber 1.54±0.13c 2.49±0.14b 3.58±0.11a 127.60**

Male Female t

Hamburger

meal

Free 21.24±6.141) 27.30±9.84 -2.38*

Mean 19.33±6.10 22.10±6.30 -1.43NS

Full 22.29±7.88 28.05±7.19 -2.45*

Bibimbap

Free 14.67±4.75 23.05±7.96 -4.12***

Mean 15.86±7.35 19.55±5.52 -1.81NS

Full 19.76±8.31 25.15±6.76 -2.27*
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1) Mean±SD
NS : Not siginificant

1) Mean±SD

NS : Not siginificant

* p<0.05, ** p<0.01

Non-obese Obese t

Hamburger
meal

Free 26.05±7.76
1)

22.43±9.20 1.36
NS

Mean 21.20±6.21 20.19±6.45 0.51
NS

Full 27.50±8.31 22.81±7.17 1.94
NS

Bibimbap

Free 19.95±7.87 17.62±7.55 0.97
NS

Mean 19.00±7.23 16.38±6.07 1.26
NS

Full 24.75±8.83 20.14±6.52 1.91
NS

Male Female t

Hamburger

meal

Free 4.44±1.561) 6.17±2.10 -3.01**

Mean 4.83±1.33 6.29±1.80 -2.96**

Full 5.01±1.32 6.37±1.90 -2.66*

Bibimbap

Free 3.48±1.53 3.62±1.78 -0.26NS

Mean 4.60±1.48 5.51±2.10 -1.60NS

Full 5.30±1.34 5.32±1.81 -0.03NS
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1) Mean±SD

NS : Not siginificant

** p<0.01

*** p<0.001

Non-obese Obese t

Hamburger
meal

Free 5.24±2.30
1)

5.33±1.77 -0.15
NS

Mean 5.68±1.94 5.41±1.52 0.49
NS

Full 5.82±1.96 5.53±1.56 0.51
NS

Bibimbap

Free 3.44±1.51 3.65±1.78 -0.4NS

Mean 3.44±1.51 5.48±1.69 -1.58
NS

Full 4.64±1.24 5.94±1.61 -2.89
**
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*** p<0.001

** p<0.01, ***p<0.001
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* p<0.05, **p<0.01, ***p<0.001

　 Total

　 Hamburger Bibimbap t

Chewing number(n/100g) 324.9±176.91) 395.7±186.2 -2.50*

Chewing time(n/100g) 191.2±100.1 227.1±100.9 -2.29*

Eating rate(g/min) 40.0±20.0 31.6±13.9 3.12*

Bite size (g) 17.4±5.1 18.8±4.8 -1.79

1)
Mean±SD
*p<0.05

< 10> . (Chewing number),

(Chewing time) (p<0.05), (Eating rate)

(p<0.05). (Bite size)

.



- 72 -

　 Male Female　
Gender
* Meal
types

Hamburger Bibimbap t Hamburger Bibimbap t F

Chewing number

(n/100g)
252.35±122.01

1)
316.80±132.59 -2.32

*
401.05±194.32 478.56±199.49 -1.76

　
0.06

Chewing time

(n/100g)
143.51±65.03 177.25±72.18 -2.25

*
241.22±106.45 279.45±100.83 -1.65 0.03

Eating rate

(g/min)
49.62±20.82 38.77±14.46 2.77

**
29.92±12.93 24.16±8.25 2.38

*
1.19

Bite size (g) 20.28±3.92 20.83±4.44 -0.60 14.42±4.49 16.67±4.24 -2.31
*

1.62

1)
Mean±SD
*p<0.05, **p<0.01

< 11> .

(Chewing number), (Chewing time)

, (p<0.05). (Eating rate)

(p<0.05). (Bite

size) ,

(p<0.05). (Gender * Meal types)

.

　 Non-obese Obese Weight *
Meal types

Hamburger Bibimbap t Hamburger Bibimbap t F

Chewing number

(n/100g)
375.10±182.71

1)
435.63±209.31 -1.38 277.07±159.05 357.69±154.28 -2.36

*
0.132

Chewing time

(n/100g)
217.41±104.82 247.34±107.72 -1.26 166.19±89.53 207.83±91.01 -2.11

*
0.145

Eating rate

(g/min)
33.95±15.69 28.38±10.90 1.84 45.79±21.96 34.75±15.73 2.65

*
1.117

Bite size (g) 17.11±5.62 20.05±4.97 -2.47
*

17.71±4.63 17.62±4.36 0.10 3.914

1)
Mean±SD
*p<0.05

< 12> .

(Chewing number), (Chewing time) (Non-obese)

(Obese) , (Obese)

(p<0.05). (Eating rate) (Non-obese)

(Obese) , (Obese)

(p<0.05). (Bite size) (Obese)
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, (Non-obese) (p<0.05).

(Weight * Meal types) .

8)

< 13>

. ‘ (Chewing number)’ ‘ (Chewing time)’ 0.94 ,

(p<0.001). ‘ (Chewing number)’

‘ (Eating rate)’ 0.79 ,–

(p<0.001). ‘ (Chewing number)’ ‘ (Bite size)’

0.24 , (p<0.01). ‘–

(Chewing time)’ ‘ (Eating rate)’ 0.84 ,–

(p<0.001). ‘ (Chewing time)’ ‘ (Bite size)’

0.27 , (p<0.001). ‘–

(Eating rate)’ ‘ (Bite size)’ 0.22

(p<0.01).

　 Chewing number　Chewing time　 Eating rate　 Bite size

Chewing number - 　 　 　

Chewing time 0.940*** -

Eating rate -0.79*** -0.84*** -

Bite size -0.24** -0.27*** 0.22** -

**p<0.01, ***p<0.001

. ( 5

) .

. oral processing
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