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S0 A= 2-alternative forced choice method (2-AFC) € 0|&3t0 5% M&E $=3Hu Z

o

O & 85 R AIRE HIlo| AtgEH(Table I-1).
O Glycosyl Rebaudioside A (G-Reb A), Glycosyl Stevioside (G- stevia), Rebaudioside A (Reb A),
Rebaudioside D (Reb D), Rebaudioside M (Reb M), Allulose, Maltitol, Sucralose?| sE& 5=

OS2 HM=sto] Zt AlZDich 5% dE 3N}t Hlwet (Table 1-2).

Table |-1. Sample information

Sample Product name Manufacturer Purity(%)
Glycosyl Glycosyl
y. y y. y CJ Cheiljedang 99
Rebaudioside A Rebaudioside A
Glycosyl Stevioside Steviol Glycosides CJ] Cheiljedang 95

Shandong Huaxian
Rebaudioside A RA97% ) & 97.3
Stevia Co., LTD

Shandong Haigen

Rebaudioside D RD95 ] 97.2
Bio-Tech
L Shandong Haigen
Rebaudioside M RM95 ) 95.64
Bio-Tech
Allulose(Crystalline o
Allulose CJ Cheiljedang 99.26
form)
) 481101 G SWEETPEARL
Maltitol LIANYUNGANG 99.5

P200 - MALTITOL

4,1,6-trichloro-galacto-s
Sucralose TATE&LYLE 95
ucrose




Table |-2. Concentration of samples used in 2-AFC.

Sample

Concentration

Glycosyl Rebaudioside A
Glycosyl Stevioside
Rebaudioside A
Rebaudioside D
Rebaudioside M
Allulose
Maltitol

Sucralose

0.01%, 0.02%, 0.03%, 0.04%, 0.05%
0.02%, 0.04%, 0.06%, 0.08%, 0.1%
0.01%, 0.02%, 0.03%, 0.04%, 0.05%
0.005%, 0.011%, 0.017%, 0.023%, 0.029%
0.005%, 0.011%, 0.017%, 0.023%, 0.029%
6%, 7.5%, 9%, 10.5%, 12%
5.5%, 6.5%, 7.5%, 8.5%, 9.5%

0.004%, 0.006%, 0.008%, 0.01%, 0.012%

1.1.2. Alze| &FH|

O AME2es 229 Zo|2E Al29o X0l magnetic stirer2 1027F WESI0| 20X 3| 35HAI71 M=
st
=1

O 3t% St d&(2+1T) ME7|[ s s 5S4 & FHo| Hapt gle A2z == 57
Mol ANBE sE¥EZ M=t F WA Hasio] Alggh

O AMze| 25 RHO|7F AR BIH| o|x= He&S 2351617 f15H0] "HI7F A7 # A& 3A|ZF Hof| Al
2(22+2TC)ollA ghldst s EM 2 EXo| HEI| gles W2 &9 & HIL 2A|1ZF Fol| AR
= 3M A8 EzlAE ZHo 10mL¥ 2S5l Aoz HAlg

1.1.3. A|22| H[A|

O ANE2E HEdM FE8 M X2 =Xtz 27|&.

O g7t 22 240 H4E HABIKNS. 245 ZedolM 46+1C2 |ANRDL, Hes A2
(22x2TC)2e HM+E =SdHol| Hol HMAISIES. oelAddds S35l 24 W 2 HEE FA35Es
sl 242 A Fo| MLz AIAZg FIEE MAE2.

1.1.4. Al

O MBtfstnm Ztztnpst o pAlo] AH|XF HAF QY poolS HASZ st M3t 281 M20fstn =22}
ol AAIZ20l EIIX} 2R ES SX[510 XA QI Eof X[ XF 200] 138H S Mutst,

1.1.5. 71 At

O 1 session™ & S/ Zol&E AR 548 "HItE

O Session & Mz AlR2 &F 2 s HMA|l =M= Wiliam Latin Square Designoll 2|l Z2H =
[oX X=X
AA B2 .

O 5% ME =280 Zo|g AR 14 oA A& "I} =M& counter-balanced, randomized =
[ X=X
AA O -

= of

O ZAl 2¢le| mzg o

SR Azol HE HYHRS.

=

Al

71 2Isto] 12 4572 AIRZE EIIGHES st 20{, 138 HAAL RYUE 4

2 54-69H2l HAL 27O HWIISIAS.

(g—stevia;61d, g-reb
- 6 -



A;69%, reb A;63H, reb D;62, reb M; 53H, sucralose;54d, allulose;67%, maltitol;65H)

O HMAIE A2 MAE 5= 2 Hal MAIE Bt ol 2 = 5% 2t 8t /4 & 102 &
ot LAX|= S Al ciets "oteth

O5 5% $7F22 HxZE ABS 242 5% MY 8%} v|wslo] THolo] Of L8t A|IRE MEsT
E &

O Zolzel M=z ols wds = Js HAAAe EHE 2435617 2510 A|2E AMF|X| 20 BE
g 392

O st do| A|ZE HIIst T Chg A2 Aol "It M 1~227te] FAl1F & HAIE UIINE 252t
H+=2 F&85 g2 475 &

O st 379 Ao|E 542 YISt fol= 582 FA2 Foto] AN Al T 242 z[23tet

O dAites MSoistn ZeldoM JHEH o2 AAE

1.1.6. &3 &4

O AMNRE 5% MY SMHECct o 2ot "itst 88 =8 Mol concentration — response (C-R
curve)2 T35l 3|HAI( % response = a x concentration(%) + b )2 F#35l0{ 2EE0| 50% U
°of Zn|l2 s T7&

O Ao 2= = M8 Y 5 (5%) / SHE 50%Y mfe oz s

O 2zt Zo|&e| C-R curve(Fig. I-1)ollM sl &l ACH SFE== Table 1-31F 2 2.
O Z+ Al22o| 3| Al CHEF R?ZfS 0.91-0.992, 3|7 Ao| Zojgto] Z e
O

= [= =]
Stevioside= '=ol zi2lzio|7F fAX|Ql =5tnp chAM E29Ql Stevia rebaudiana BERTONIZ FE
FESH ZoldEezE 2 JHE F3;E I Ues DZEOIREQ. Stevia?l B HMESEE=

Stevioside, Rebaudioside A, Rebaudioside C, D, E, Dulcoside A S0| &&{X Y=2. 0] = 2 A
ol AFE= Stevioside= Glycosyl Stevioside, Glycosyl Rebaudioside A, Rebaudioside A, D, M
ol

O Glycosyl Stevioside®2t Glycosyl Rebaudioside A= A 1 §S7[2(CJ)ollM JHetst Al Stevioside
Mol 2. Glycosyl Stevioside2| AHEE=+= 10Brix 7| & 752 EIEOL}, 5%0M = AEE
7t B7F 5% HAEEM Cfd| 1028f2e| =HBEE LIEHHO] 2 SEoMe= AtEEI o St &

o% E
O HHX| A2E52 HEE 28 0AM E0F it FASH gh2 LIEIol & AT ALE 2ol &
Moz YUEPEE FYSEs A2 LIEH



Table 1-3. Relative sweetness of 8 sweeteners calculated from dose-response curves

Relative Sweetness

Samples
Determined in this study From Literature
Glycosyl Stevioside 102 75(10Brix 7|&)
Glycosyl Rebaudioside A 155 165
Rebaudioside A 235 233-300
Rebaudioside D 239 221
Rebaudioside M 263 250
Sucralose 596 562
Allulose 0.53 0.57
Maltitol 0.65 0.67
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Figure 1-1. Dose-response curves of 8 sweeteners.
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O 2-AFCE Sdll &El= 5% M =W LSt Z4o|EE U= sEE 0|8E(Table 1-4).

O &g Zolg 8% ARE2 Zo|Z(Glycosyl stevioside, Glycosyl Rebaudioside A) +&H
bulk 20| Z(Allulose, Maltitol) =M1} 1:1 HEZ EESI0{ AIE, & 135729 A|EE2 BAIE
x| 3H 5
—_ o O

Table 1-4. The information of sample concentration used in descriptive analysis.

Abbreviation Sample Concentration
Suc Sucrose 5.0000 %
G-stev Glycosyl Stevioside 0.0491 %
G-rebA Glycosyl Rebaudioside A 0.0322 %
RebA Rebaudioside A 0.0213 %
RebD Rebaudioside D 0.0209 %
RebM Rebaudioside M 0.0190 %
Sucral Sucralose 0.0084 %
Allul Allulose 9.3877 %
Mal Maltitol 7.6388 %
o 1:1 mixture of
G-stev+Al Glycosyl Stevioside + Allulose ]
G-stevia 0.0491% : Allulose 9.3877%
. . 1:1 mixture of
G-Stev+Mal Glycosyl Stevioside + Maltitol ) )
G-stevia 0.0491% : Maltitol 7.6388%
o 1:1 mixture of
G-rebA+Al Glycosyl Rebaudioside A + Allulose
G-reb A 0.0322% : Allulose 9.3877%
. . 1:1 mixture of
G=RebA+Mal Glycosyl Rebaudioside A + Maltitol

G-reb A 0.0322% : Maltitol 7.6388%

2.1.2. AMlze| Fd|

O AZE 2 HESRO0, AS AKX A2B e
O AZE Bt 2A7 ® B4 U5|g Z2jag
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O ABE BN 58 Al Rt2| £tz EI|8
213 g Mg o #a

e Medstm gzust el
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» Ol EHE2 F 3-53 MHEJon, ST 1.5n 2L E
» 20] 2 EFE AR, U} g TR
- Orientation @ ZAF =&, ZtsdAL 2 BALEAM ol 274
- 54 80 E& ; oH[AYES HAM AIRZIe| XO|E FH MdHs=E 80 S =52 Mz =, o
= 4| E9lE HM 80 =52 7HYe (Table 1-5).
- o] I EFEAE EE ; §4 0o o Ho ¥ BEFEAER, Yot WHES S (
I-6), 158 MR Z(1.25cm; S 2F5tch, 13.75cm; o Z35ichH Al2HES 233t
» GfdEe Y 5 "It
- =2 E dHHof 2|sto] 43 2o WU = SAHEMES Sol W{E= 72+l consensuset Zb o4
of MeMds Hoteh
- MeiMo| AL "ot ol cf2 mid QAR =S AAlE

4742 AMlZ HIt

O
O
O AlZAtolo
O
O

-
SR
|

ChE Al
A HMAE 22 F&3]

A2 Foto] AAF Ale] w222 Fostelh

E2E "Jlsl= monadic g

=}
ol J
s 4T

| /s Williams Latin square designoll 2} A=,

Table |1-5. Definitions of descriptive attributes of sweetener samples.

Attributes Definition
Taste sweet Fundamental taste sensation of which sucrose is typical

bitter Fundamental taste sensation of which caffeine and

quinine is typical

sour Fundamental taste sensation of which citric is typical
Flavor honey Honey flavor typically found in Acacia honey
Trigeminal astringent The feeling which shrivels the tongue associated with
senses aluminium potassium sulfate

acridness Sharp, irritating, or biting sensation on the tongue

Mouthfeel Body Rate of sample flows on the tongue
Aftertaste Sweet Sweet taste of 5 seconds after expectorate

Bitter Bitter taste of 5 seconds after expectorate
Onset Sweet The time when maximum sweetness was first perceived

_’l’l_



Table |-6. Reference materials for the descriptive attributes of sweetener samples.

Attributes Reference materials
Taste sweet 2% (w/v) sucrose (C]J CheilJedang Co., Ltd., Korea) , 5%
and 10% sucrose in water
bitter 0.03% (w/v) caffein (sigma-Aldrich, st.Lous, MO, USA) in
water.
sour L . . .
0.03% (w/v) citric acid (RZBC Co., Ltd., China) in water.
Flavor honey 2% (w/v) acacia honey (Seoraksanmilbongwon, Korea) in
water.
Trigeminal astringent 0.1% (w/v) aluminium potassium sulfate (Daejung
senses Chemicals & metals Co., Gyeonggi-do, Korea.) in water.
acridness 10% (w/v) erythritol (Zibo Zhongshi green biotech Co.,
Ltd., China) in water.
Mouthfeel Body 1.5g potato starch (potato starch, Sunginfood,

Gyeounggi-do, Korea) and 500mL water boiled using low
heat with stir about 5 minutes.

Aftertaste Sweet 0.05% (w/v) aspartame (the nutrasweet Co., USA) in
water.
Bitter 0.03% (w/v) caffein (sigma-Aldrich, st.Lous, MO, USA) in
water.
Onset Sweet The time when maximum sweetness was first perceived

with holding in the oral cavity.
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Table |-7.

Mean intensities of descriptive sensory attributes elicited from the 13 sweetener samples

Suc

G-Ste G-Reb

v

RebA RebD RebM Sucral

Allul

Mal

G-stev G-stev G-Reb
+ Mal A + Al

+ Al

G-Reb

Mal

Sweet
taste

7.39

8.59

7.81

6.86

6.77

7.10

6.94

8.36

7.46

8.31

9.49%

7.85

8.09

(0.47)!

(0.91)

(0.80)

(1.72)

(0.58)

(1.67)

(0.98)

(0.79)

(1.79)

(1.19)

(0.91)

(0.63)

(1.10)

Bitter
taste

0.60

3.67

2.79

5.46

2.49

3.69

1.55

5.05

1.87

3.51

2.91

5.01

1.96

(1.59)

(3.07)

(1.99)

(2.12)

(2.19)

(2.30)

(1.20)

(2.55)

(2.14)

(1.80)

(3.03)

(2.12)

(2.16)

Sour

taste

1.08

2.47

2.63

2.89

2.12

3.11

2.83

5.86

1.89

5.05

2.96

2.55

4.52

(1.53)

(2.21)

(1.79)

(2.31)

(1.21)

(1.35)

(2.25)

(1.93)

(0.88)

(2.58)

(1.51)

(1.98)

(3.30)

Honey
flavor

1.64

2.46

3.51

2.59

1.32

2.08

2.02

6.44

6.19

3.69

4.49

2.36

3.94

(1.56)

(2.22)

(2.35)

(2.40)

(1.70)

(2.44)

(2.16)

(2.19)

(2.00)

(1.96)

(2.13)

(2.20)

(1.85)

Astringent

0.62

3.13

2.89

5.59

2.70

5, 13

2.36

5.46

2.31

5.07

2.80

5.02

2.25

(0.63)

(1.90)

(2.00)

(0.94)

(1.52)

(1.66)

(1.56)

(1.27)

(1.70)

(1.23)

(2.08)

(1.38)

(1.57)

Acridness

0.45

5.94

3.66

2.77

2.26

2.73

2.70

6.66

4.29

5.24

5.57

3.94

3.69

(0.60)

(1.69)

(1.63)

(2.35)

(2.06)

(1.89)

(2.73)

(1.24)

(1.88)

(1.49)

(1.37)

(1.56)

(2.22)

Body

3.22

5.66

3.04

3.18

2.99

3.55

2.41

3.23

5.82

3.18

3.54

3.97

5,572

(1.16)

(2.72)

(0.99)

(1.54)

(1.04)

(0.73)

(1.67)

(1.22)

(1.93)

(2.18)

(1.90)

(1.18)

(2.52)

Sweet
aftertaste

3.15

6.83

7.22

4.16

3.72

4.50

3.77

4.11

4.23

6.46

6.29

4.52

7.70

(2.51)

(3.10)

(1.98)

(1.99)

(1.46)

(2.91)

(2.25)

(2.43)

(2.38)

(2.33)

(1.88)

(1.74)

(2.06)

Bitter
aftertaste

0.46

2.77

2.39

5.06

1.66

2.39

1.06

4.36

1.43

4.14

1.84

1.89

1.52

(0.82)

(2.12)

(1.65)

(1.64)

(1.44)

(2.38)

(0.91)

(1.76)

(1.46)

(1.84)

(2.16)

(1.88)

(1.44)

Onset of
sweetness

2.16

4.06

4.01

6.07

4.88

3.79

5.91

4.25

5.28

4.35

3.54

4.35

3.84

(1.57)

(2.57)

(1.50)

(2.88)

(2.76)

(1.42)

(2.87)

(1.33)

(2.66)

(1.82)

(1.75)

(2.88)

(1.17)

Standard deviation

’Highest values are highlighted by shading
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O Matstd Zztnfst Aol 2H[A HAL 23 poolg HALZ o M3t ZX I M Soist
2l A 2ol EIMAL REEES SAISH0] ApEA el &0 XA 20~400H 105 (AL 429,

=

1.1.2. A=

O & 6579 AlEE HIlo| AF2E(Table 1-8).

O 4579 Zto|Z[Glycosyl Rebaudioside A (G—Reb A), Rebaudioside A (Reb A),
M (Reb M), sucralose]®t & ZF2| Z&& bulk ZO|E Erythritol, MaltitolZ7} A2 E .

O MdE2 O=Z2z AEE

Table |-8. Sample information

|M= 2-alternative forced choice method (2-AFC) & 0| &23101 7% AME

[&)

AL O
T-ZH 1}

STl
P

abt?fg%teion Sample Manufacturer Purity(%)
G-Reb A Rebglll};icigzifclle A CJ] Cheiljedang, Seoul, Korea 99
Reb A Rebaudioside A Shandong fuaxian Devia Co- 97.3
Reb M Rebaudioside M PO een o Tech 95.64

BYWIOl e torm) Con 1D Shandons. China 9993
(Sweetreart p35) | Liamyungang, China

Sucralose Sucralose TATE&LYLE, LL%r{ldon, Fngland, 95

1.1.3. AlR2| FH|

O ZE 4o|2 AREe 555 ou|MEs Saf dFst 5+F22 M=sto] 2t A|=Zojch 7% MY
TEMH1} H|WE (Table 1-9)

O Alzes 229 o225 Al29 X0l magnetic stirer2 1100rpmollAM 10227+ WHISI] 2HM s
Sol A7 M =gt

O 2E AMze 2 M=stod "It7t A7| MK A2(22+27C)oll 22tgt

O AMZ2e M x2| =2 77|58 8lM A58 Z2tAE Zo| 1omLY 285t Aoz MA|E.
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Table I-9. The range of concentrations for sweetener samples used in 2-AFC test

Sample Concentration
G-reb A 0.02%, 0.03%, 0.04%, 0.05%, 0.06%
Reb A 0.03%, 0.04%, 0.05%, 0.06%, 0.07%
Reb M 0.0165%, 0.03%, 0.0435%, 0.057%, 0.0705%
Sucralose 0.01%, 0.0125%, 0.015%, 0.0175%, 0.02%
Erythritol 9.6%, 10.8%, 12%, 13.2%, 14.4%
Maltitol 7.55%, 8.62%, 9.67%, 10.77%, 11.85%

1.1.4. Y7L HX}

O 1 session™ & SF/e ZolE Alz 542 HItE
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O 7% dg =883 Zto|g A2 14 dolAMe] A|2 "I} =M= counter-balanced, randomized =

ol =
M=

¥
1
1o
>
511
2
it
n
£
0
oh
2 ol
ojo
>
&1
o
a
|
[@)]
[@)]
08
1o
o
_’>;
0
o
o
08
N
o

%S .(G-reb A;53H,

>
o1
—_—
02
By)
[©)
O
=
(@]
w
02
w
c
S
)
O
2]
[
(@]
w
02
m
S
0
S
&)
(@)]
02
=
)
famd
S
o
—_—
0 o

o OF
4>
A
|0
HU
>
B
Ll
>
T
i
_|\.I
N
\I
*
nx
m
>
0f0
2
i)
T
El
ol
)
n
=
o
in
N
]
>
H
i
2nd
Jul

k=]
T
1o
Ix
il
Hu
-0

2ol HdE = A= e EME FHis67| /5t AIRE &7|X| @2

o O O O
SR O
ol
= 50

=

0

\C RN

H

N

o

= 1o
ro
4>
o
0z
4>
i
=
>
gh

> 3R
ojo

== H2YHolAM 46+2C=2 |XGIFL, M=
b

sty 74 W 2k

d
ol

4>
ojo ofm

o
0 =
10
>
m

a o

ol

—_ —

rfo
5
hu
o np 1o oX
o 32
& >

Hu
3n of
1o [r

session(Zo|& 54)S HIISH Zoll= 1022 FAZ Fotod HAF Al I 22 Z

o O O
oY ook ok >
O

=z
rir
X
Mo
=
1o
El

doldoM JHEHoz AAlgh

1.1.5. 23 &4

O ANBRE 7% MY SdHCt O 2ot "otst 82 & MO concentration — response (

of Zolg s &
O A Y5 = M 2M 55 (7%) /| SEHE 50%Y mfe| o2 5%
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1.2, #nt

O Z Zol&2| C-R curve(Figure 1-2)ollA s &l M == Table I-10T Z2.
O Zt Al2e| 3| Aloll 3t R?ZH2 0.94-0.982, 3|F{AMo| Zzigtol & =gta .
O Glycosyl Rebaudioside A= A S7|ZHCJ)oll M 7l kst Al Stevioside A OIA L.

-
ZHHd 5% MEFEM HlmaE2H, G-reb A, Reb A, Reb M,
sucralosel| MO T = A5t eSS EQct ol %71 S7tetol| utzl £8H0] E745t01 LIE}
b Zopel,

O LIHZ| bulk AIZE2 tHEE Z80IAM E0E Hief FASH ghg LtEH.

= 7H
O ndolze &9 §oCHe| A Zxatet
7 —

Table |-10. Relative sweetness of 7 sweeteners calculated from dose—response curves

Relative Sweetness

Samples
Determined in this study From Literature

G-reb A 147 155 at 5% sucrose

Reb A 132 235 at 5% sucrose

Reb M 159 263 at 5% sucrose
Sucralose 489 596 at 5% sucrose
Erythritol 0.6 0.53-0.63 at 5% sucrose
Maltitol 0.73 0.65-0.7 at 5% sucrose

_16_



G-Reb A

Reb A

08
8 i @

R h £ pa ||y=15.882x-0.3421 -
& Oe g : ;
'_?L _________ £ ._.-f‘ —-'- a6 R: = 0.9564 .
g 04 T | I e it o it -1,
= T |y=19057x-04075| 5 04 o
E 0.2 1 R = .9491 ‘C: 02 1
‘é 0 ¢ g \!’ E o » "P
2

g a2 004 006 008 o 002 004 0.06 008

-02
Sweetener Concentration(9) Sweetener Concentrationi%s)
Reb M Sucralose

- & £ |ly= 1.1142Inp) + 52325 i
a Pt a . R? = 0.0531 L.
N et e S i e Rl i
S vs ey 1 |y = 04736In{x) + 2.0347 0T __."‘ 1
o g2 | e o g2 1
o g2 - R: = 0.9737 = 02
g n x ¢‘ I'f O s 4!

0 002 004 0,06 G.08 i 0005 007 0015 Go2

Sweetener Concentration(9a) Sweetener Concentration(9s)
Erythritol Maltitol

y = 1.8801In0x)-4.1188 a7 - ¥ = 1.5558In(x) - 3.0049
C 08 C 08 *0
o R = 0.8565 " o - R* = 0.8546
2 N T -
] P e
o o 02 i
= 2 o W

0 5 10 3 i) 2 4 i 2 0 2

Sweetener Concentrationi2s)

Figure 1-2. Dose-response curves of 6 sweeteners.

2. A7 AHH|2AIIE SHHolH Y EFE0l ZulY

211, " Mk
ZAlgele AMenstn ZHztnlst od LAlQ|
hetw 22kl AAI 2o &I 5
OiAt 5%)& Mgt

HI

2H|AF HAF 23 poolg CHatez Bt
8

Sweetener Concentration(®e)

A-l

O 7 &Fel = Zolz (MY, G-reb A, Reb A, Reb M, sucralose, erythritol, maltitol)2} 2 &
Z38t Zo|2(G-reb A+erythritol, G-reb A+maltitol)2| & 9 ZF2| Al27} AFEE (Table I—11).
O 2-AFCE &dlf =t2lEl 7% A8 =381 st Ho|EE 2= =5 0|82F (Table I-11).
O 23 o2 £=8Y AZE2 IZ0|E(G-reb A) =M L bulk Zo|Z (erythritol,
11 HEE 22sto] ALSE
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OAZ Mz 2 23 w2 2-AFC Agn S8
O AlZE ot oAlzh © 84 Uslg Zalagl 7

Table |-11. The information of sample concentration used in descriptive analysis

Abbreviation Sample Concentration
Sucrose Sucrose 7.0000%
G-Reb A Glycosyl Rebaudioside A 0.0476%
Reb A Rebaudioside A 0.053%
Reb M Rebaudioside M 0.044%
Sucralose Sucralose 0.0143%
Erythritol Erythritol 11.529%
Maltitol Maltitol 9.513%
G o 1:1 mixture of
GE lycosyl Rebaudioside A 0.0476% G-Reb A solution and
+ Erythritol ) )
11.529% erythritol solution
Gl R oside A 1:1 mixture of
GM ycosyl Rebaudioside 0.0476% G-Reb A solution and
+ Maltitol i ]
9.513% maltitol solution
2.1.3. 09 FH % ot
O g =
Ol EH2 1Y SO F 3~43] FEEYen], Y 1hr 22, & 19A1ZF MAIEAZ
» 20 2 EFAIZR, I} gk ofgt

- Orientation : A 58, #sAA & FAIREMS A7)

- 54 80 £& ; OHAMHZE HMH ARZHe| XIO|E & MIUEst= 80 EM 552 M3 =, o
= 24 E9lE HM 80 =52 7HLe (Table =12, 1-13)

- Mo 3 BEFEAZR =R ; EM oo Ofst Mol ¥ mFEAR, HIL WHHE RISt 20 (Table
1-12, 1-13), 158 MAHE T (1.25cm; Ol % <sich/oflf #W=ch 13.75cm; of$ Zsich/ojf =
2ichH AlISEE EHE.

- ot Mol A|R2E HIIEH T Clg AR 4o "ol ™ 28272t 543 & HMAIE AINE 2

(46x2T)2t M=(22+2C)2 F29| ls HFLE &

- =2l E "ol 2olsto] 33 22| "HIt = SAHEAMZ Sol Y S ZHe| consensus2t 2t did 2
d=e NMods gotet

- Mol DAL "It Aol CE mjlg Q2 MEzas AAE.

O &2 A8 gol
s =AY 35 FAHE.
» Sl A|RE "Il = LI A|EE "H71stk= monadic 2HHE ALSE
= AlZAOJOf| 30 /AT A MAIE 22 FE5 2= dFLE T
w4702 AR "I} = 522 FAIE F S| HAF Ao mz2ZEES FAstE
= A|E2E first sample effect® 27| {all Williams Latin square designdl 2} M A= .
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21.4. 3H &4

[ =] H
O 2otz

—

Analysis of variance; ANOVA)

= Zf AlRo| SYof thet Hio[Ee] B X EFEHXE TSIUS.

O
o

x

U HI
Hr

>

A
FS =N

Principal component analysis; PCA)

Saom TEE IS SMESD 2t ARz

= —1

Table |-12. Definitions of sensory attributes of nine sweetener samples in agueous solution

Attributes Definition Reference materials
. 2% (w/v) sucrose (CJ CheilJedang Co.,
Fundamental taste sensation ¢
Sweetness . . : Ltd., Korea) , 5% , 7% sucrose In
of which sucrose is typical water
Taste
. 7% (w/v) sucrose (CJ CheilJedang Co.,
Bitterness 5%1 r‘llv%glenct:flfetianseteai%nsatmn Ltd.. Kor ea)‘ and 0.03% (w/v) caffein
quinine is typical (sigma-Aldrich, st.Lous, MO, USA) in
water.
. . 2% (w/v) acacia honey
The flavor associated with - .
Honey . (Seoraksanmilbongwon, Korea) in
acasia honey water.
Flavor
Menthol The flavor associated with 0.002% (w/v) menthol flavor (ES
menthol Food, Korea) in water.
Trigeminal ‘ The feeling which shrivels 0.02% (w/v) aluminium potassium
Astringency the tongue associated with sulfate (Daejung Chemicals & metals
senses aluminium potassium sulfate Co., Gyeonggi-do, Korea.) in water.
1.5g potato starch (potato starch,)
Rate of sample flows on the Sunginfood, Gyeounggi-do, Korea
Mouthfeel Body tongue and 500mL water boiled using low
heat with stir about 5 minutes.
7% (w/v) sucrose (CJ CheilJedang Co.,
Sweet Sweet taste perceived 5 Ltd., Korea) and 0.1% (w/v)
seconds after expectorate aspartame (the nutrasweet Co., USA)
Aftertaste in water.
Bitter Bitter taste perceived 5 0.03% (w/v) caffein (sigma-Aldrich,

seconds after expectorate

st.Lous, MO, USA) in water.

Table |-13. Definitions and tasting methods of the onset of initial sweetness and the time of
maximum sweetness

Attributes Definition Tasting method
The time when sweetness of sample
solution was first perceived while
holding in the oral cavity
Onset of :
initial The me when svxéeetness Very fast(scale value : 1.25)
sweetness was first perceive Z 0-1 second
Very slow(scale value : 13.75)
T | - 2 seconds
empora
aspect The time when maximum sweetness
of sample solution was first
perceived while holding in the oral
; cavity
;rnlg)l(?n;[?lm The time when sweetness
sweetness was perceived strongest Very fast(scale value : 1.25)

= 0-1 second

Very slow(scale value : 13.75)

- 4 seconds
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2.2. &=t

O 2zt Zol2olAl SEE 2ol S42 2okt I Table I-1474 23, AR BSSNS 2t 58

=
Holof cifM ez ESHY| fI5ted ol 23 A =0o| A 240 ZEEHUS.
A

&l 2

O Figure 1-3&= PCAS| Z1tZ, A2t EMES| ZAHE LIEtH Zdel.

O G-Reb A= EtSF Fo|, #£8F #8F Fo|, ©30| Zs5tn ook EeEE= S2(X[2H, Reb AECH=E
£0F #0F Zo|, B, HE so|J} 25t Aoz Hol, EMols EEXe EM UL 27 US
(Table 1-14).

O Figure |-3B2| AZ[Et¢2Z Hof, G-reb A2} Reb M2 Tetxol SMo|AM X7} gles HeZE &
=R

O Erythritol2 £8F £8F 20|, ®Z, HE &o|7t Zstn{, MEXOZ Reb M} H|X& (Table 1-14,
Figure 1-3B).

O G-reb A= maltitol, erythritolZ} EZ&SIFS m £8F #£8F To|, B33 22 2YHe EME9 &
LI ot (Table 1-14).
O Table 143} Figure |-3BE& £, GE= HE &0|E A elstz2 MEn Mutxel EMo|AM Xxo|7F &l

O Maltitol2t GM2 £ go|, ChSt 2o|7F 23t (Table 1-14).

O GM2 B8t ZE7t of2 A ZE0 ds Rolxez 28t A2 Hob, G-reb AE maltitol2t E&5t
o oISt &5 2ot LEtHE & 5 AS (Table 1-14).

O G-reb A, Reb A, Reb M2l TSt 23 It MYEcH S8 Ho= Hol, Mol oo 28

Tofl Feks o|x|X| 2£S (Table 1-14).
O G-reb A2} maltiol, erythritole ZgtstH
|-14).

Table |1-14. Mean intensity of descriptive sensory attributes elicited from 9 sweetener samples in
aqueous solution

m
D

Yot 480 JRIRlE 252 2 (Table

e

=
=

Sucrose G-reb A Reb A Reb M Sucralose Erythritol Maltitol GE GM

Sweetnoss 6.03%°Y 5.54% 5.53% 6.02%° 5.73% 6.05%° 6.21° 6.33" 7.89°
(0.78)? (0.70) (1.09) (0.89) (0.79) (0.95) (0.76) (0.99) (0.76)
Bitterness 1.19° 2.41° 4.98° 2.49° 1.30% 2.36° 0.68% 1.07° 0.65%
(0.88) (0.94) (1.36) (0.99) (1.02) (1.24) (0.72) (0.96) (0.75)

Honey 2.63 1.93% 1.61° 2.82° 2.11%b¢ 2.75° 6.25¢ 2.50" 5.95¢
flavor (1.96) (1.37) (1.27) (1.93) (1.57) (2.14) (2.40) (1.61) (1.95)
Menthol 1.91° 2.83° 5.15° 2.67%° 2.13% 4.52¢ 1.82° 3.03" 1.77°
flavor (1.53) (1.97) (2.00) (1.62) (1.43) (2.30) (1.48) (2.05) (1.44)
1.68° 4.19¢ 5.96° 2.75%¢ 2.52ab¢ 2.87¢ 1.77° 2.26%% 1.84%°

Astringency

(1.50) (2.59) (2.12) (1.82) (2.09) (2.49) (1.76) (2.01) (1.91)
3.46% 3.30° 3.61% 3.47%° 3.30° 3.64%° 4.01° 3.40%° 3.85%

Body (1.98) (1.71) (1.78) (1.78) (1.89) (1.83) (1.59) (1.87) (1.83)
Sweet 6.42° 7.28° 5.50% 6.04%° 6.05%° 6.25%° 7.35° 6.16%° 8.474
aftertaste (1.18) (1.18) (1.42) (1.44) (1.30) (1.55) (1.60) (1.36) (1.00)
Bitter 0.94%° 3.24¢ 5.68° 2.834 1.43% 1.77° 0.58% 0.93%° 0.672°
aftertaste (0.94) (1.58) (1.52) (1.63) (1.29) (1.34) (0.75) (0.94) (0.94)
Onset of 4.05° 6.43 7.52¢ 6.48% 5.2220 3.822 3.93° 3.65° 3.82°
lsr‘l,ételgtlness (1.73) (2.84) (2.48) (2.37) (2.25) (2.11) (1.64) (1.62) (1.52)
Time to 5.18° 8.87° 5.44? 7.53° 4.68° 7.87° 4.76° 4.32° 4.412
maximuim

sweetness (1.70) (2.18) (1.63) (2.15) (1.60) (3.14) (1.32) (1.71) (1.71)

Different alphabet letters indicate a significant difference among the samples (Tukey's honestly significant
difference test, p<0.05).

’Standard deviation
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Figure 1-3. Principal component (PC) laoding of the sensory attributes (A) and scores of the
samples (B) from nine sweeteners in the agueous solution on dim 1 and dim 2 (See Table 12

for sample abbreviations)

3. G-reb A2} bulk #o|2 E&=2 X EgHlg A3

3.1. =EAH

2 AMHAE =HAAIE 0| 25101 G-reb A2} bulkZo|2E Zatst 229 & =gH|82 HHst
o=

A O .

3.1.1 ghH

O ZAed
» M2i&tm FHFLUIEl AO|E(https://snulife.com) EE= MEnsist 2l ol HAE AA| ol HAL

oAt ZEES AAISH] o[l o Zol2E HFYS W 2HIF ls 18-5242f el &

80 (0o 51, & 29)2 Mgtsh

» 5 45/ AMEE =Etsto] AlEE
» St SR/ wZo|&E : Glycosyl Rebaudioside A (G-Reb A; CJ Cheiljedang Co., Suwon, Korea)
of Ztst ZHO|REE 3 79| bulk ZoO|lZ& sucrose (White sugar, CJ Cheiliedang Co., Incheon,

Korea), maltitol (Roquette China Co., Lianyungang, China), erythritol(Cargil polyols LLC., NE,
USA)O| ALSE.

» S8 0|2 £2Y AZES HU0|R(G-reb A) TENUEZ bulk HO|E (ME, ZEIE, ofzlaz2]
E) =81} 371X EgH|E8(7:3, 5:5, 3:7)2 E¢t5lod A28 (Table 1-15).
» A|Zo HzuHe2 Zt Zio|EE A9 M(18+2T)ol &HIist £ wEEZ| (MS300HS, Misung

l
Sciecntific Co., Ltd., Yangju, Korea)E& 0|&35t04 1100rpm22Z 1027t WEtsto] AE Mytx| A
Z (2+17C) Eatsll Zotoll A2
» AR HUF 3AIZF Mol M2 (22+£2TC)olAM AT £, "®HIF 2A1ZF A 32| g ST FoiE
BlM EelaE H(XIE 7cm, =0| 3cm, Taesanpack Co., Gwangju-si, Gyeonggi—do, Korea)oil
10mLY AFsto] Z=H| g
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» Q¥ E 2R 257(46+27C) o A2 (22£27TC)7t MSE.
O "ot #xt

» G-reb A%t bulk Zo|l=zel M, ZE|SH ozlAazlgS 242 37, 55 ¥ 7:39 dHlg2 Zgst
3852 ZetE1t G-reb AE EBSH & 471X AlZof Cfsto] 37(X] SAM (IS, TH8EEF0|, #8559
T2l E dlWstA g

» Sttel sessionoll A BF JHA| SMof et HUME TAM 0], 37IX|e] Mol tfai & 3 session
of Algo| MAHE.

»  StLbe| sessiono| ZEE HAL set == 3 s tOIEH 1 setollA G—reb A 100%2}t G-reb A2} bulk
HO|EE 3FECE =2§st AR 382 E?:.?_ 47H Al=o| it =9I HALE REE

= St AAIR ALY 2 sessionfh "It on], RE ZHAAI A2 270 sessionoll HEHSHA ™= .

= Z} sessiont HMAlEE= A2 MES TA 2 shHol HIAIEIE AlZe| MAl =M= Wililams Latin
square design(MacFie et al., 1989)2 [U}E.

» Zb sessione| §A "It Al S4of tist Wote chs3 23(CHBE A|RE 5 S Ha31D U
of =HX|= ciStel ZEE HWot, Cftl Foll A|RE W LM 5XF 2| AFM ZIHX|= St
of ZEE "I, £8h ARE 527t HEFL U2 Wf ZAHX|= &89 4= E Hoh)

» AR} AR AtO] 252 Mg 22 g8 MRo| AFEF SN, HIEE BE AEs 2L
=

» ot set AtO| 3EZte| {44 & 2 &5 AFEFE siRlen, 42 F3 ¥ n2E Fastst
7| 21504 1 sessionO| Bt T, CHS sessionO| A|ZEEZ| MkX| 522 FAIS FstEE &

o ZAARBSOA "It U7 AAIZE M, 2R Y E ool SAE MFE MM oo ol &
ot 3tEHEO|L B0l AtBS FXIEL

Table [-15. Concentration of samples used in Ranking test

Concentration (w/v?)

Sample Sample abbreviation
Glycosyl Rebaudioside A G-reb A

Sucrose Suc

Maltitol Mal

Erythritol Ery
. : _ 37 mixture
3:7 mixture of G-reb A + Suc GS37 solution and
. . 5:5 mixture
5:5 mixture of G-reb A + Suc GS55 solution and
. : _ 7:3 mixture
7:3 mixture of G-reb A + Suc GS73 solution and
. . 3:7 mixture
3:7 mixture of G-reb A + Mal GM37 solution and
. . 5:5 mixture
5:5 mixture of G-reb A + Mal GM55 solution and
7:3 mixture of G-reb A + Mal GM73 7:3 mixture
solution and
. . 3:7 mixture
3:7 mixture of G-reb A + Ery GE37 solution and
5:5 mixture of G-reb A + Ery GE55 5:5 mixture
solution and
7:3 mixture of G-reb A + Ery GE73 7:3 mixture

solution and

0.0322%
5.0000%
7.6388%

7.8000%?

of 0.0322% G-reb A
5.0000% Suc solution
of 0.0322% G-reb A
5.0000% Suc solution
of 0.0322% G-reb A
5.0000% Suc solution
of 0.0322% G-reb A
7.6388% Mal solution
of 0.0322% G-reb A
7.6388% Mal solution
of 0.0322% G-reb A
7.6388% Mal solution
of 0.0322% G-reb A
7.8000% Ery solution
of 0.0322% G-reb A
7.8000% Ery solution
of 0.0322% G-reb A
7.8000% Ery solution

'Weight per volume
’Adopted from Park et al. (2017)
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2| &to|= Friedman’s test(Friedman, 1937)2 0|235}0f EAM35¥ 204, Friedman
19l Dunn—-Bonferroni test(Dunn, 1964)= SPSS (ver 25.0, IBM inc., Armonk,
NY, USA)E 0|25+ =8 &H(p<0.05).

22t %Mq =
S 7(

3.1.2 21}

O &2 =9 HAZAZI= Table I-1601 LIEFY.

O t©t2 G-reb Aol ofl2|A2[E2 MLl bulk ZOIBE 30% 25t 2 mf ttotollA FolXolx|& o
X2k ASE00F LEERLET| AEFS

O Hi7 bulk ZHolze| =2gH|gs sS85 CfSH CiSt 0|, £0t8 SMezZ IstY 20 Hiz=
st ZZUEM S I Al&stFon] nZo|g2| 70% AT E buk HO/EZ XSl =2&8= O|FAUS
4% It e dU45M0| Lt

O w2l ZAIREAM AdolA DZo|Eef bulk ZO|EE Z&st= HIE2 3.7 ¥ 7:322 Holo &zt
EMo| XIo|& H|l FAME

Table 1-16. Rank sum of sweetness, sweet aftertaste, and bitterness perceived from the mixtures
of G-reb A and sugar, maltitol, and erythritol at different ratio

Sample! Sweetness Sweet aftertaste Bitterness

GS 73 138" 1547 1422°

GS 55 152° 136° 130%°

GS 37 145° 1232 1072

G-reb A 95° 1272 151°
" Chi-square value 23.95%6 738  13.7%

p-values <0.001 0.061 0.003

GM 73 128° 147° 1272

GM 55 145 155° 1252

GM 37 165° 137° 1272
____GrebA A | SIS

Chi-square value 34.600 20.520 6.028

p-values <0.001 <0.001 0.110

GE 73 1352 138° 116°

GE 55 1157 119%° 136

GE 37 1212 102° 161°
~____GorebA 5% 181 ur

Chi-square value 14.422 40.702 16.622

p-values 0.002 <0.001 0.001

! See Table I-15 for sample abbreviations

? Different lowercase letters indicate significant differences among the sweetener samples (p < 0.05,
Dunn-Bonferroni test)
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O =g My
= MEdstn 4
Ztoll Fofet 2
9|

(20-32AM 1

O Mzel Z|
- 4 BRo| oY Z0|E; Greb A, ME, ol2l22E, YEIET 6570 B2
GM37, GM73, GE37, GE732] & 10 &/F<l AlZ7} ALEE (Table 1-17).

- ARE 29 ZAOIM ALSEH AR AE Wy SYUst weoz It g Xz,

A

= UL 2AZE © M A2t #HEIF FoE S A5 Z2tAE H(XE 7.5cm, &0 7cm,

oN
]

il
[©)
(9]
w
“\l
[©)
w
~
_OD

Taesanpack Co., Gwangju-si, Gyeonggi—do, Korea)oll 40mL® A&235}0f Z=H|Et.

Table 1-17. The information of sample concentration used in descriptive analysis

Sample! Concentration (w/v?)

G-reb A 0.0322%
Suc 5.0000%
Mal 7.6388%
Ery 7.8000%
GS37 3:7 mixture of 0.0322% g-reb solution A and 5.0000% suc solution
GS73 7:3 mixture of 0.0322% g-reb A solution and 5.0000% suc solution
GM37 3:7 mixture of 0.0322% g-reb A solution and 7.6388% mal solution
GM73 7:3 mixture of 0.0322% g-reb A solution and 7.6388% mal solution
GE37 3:7 mixture of 0.0322% g-reb A solution and 7.8000% ery solution
GE73 7:3 mixture of 0.0322% g-reb A solution and 7.8000% ery solution

!See Table I-15 for sample abbreviations

“Weight per volume

= 20 ¥ EF AlE, UL 9 g
- Orientation @ Al =&, #sSAAL 2 HALREA Sl A7
- 54 80 & ; oH[AYES HM AERZte] XO|E H MdYsts 0 S4 552 I =, 4
HE 7tel B8 AM 80 552 e (Table 1-11).
- Mo| 9 EFAZR gE ; §M oo st Mo| ¥ mFA|ZR, "ot wHS SE5 20 (Table
I-18), 16& =X (0™: None, 1&: Weak, 158 Strong)Z AlSH S =3HE
- 5t 4ol A|R2E HItst = kg AR 4 d ot =l

(==}
2 ol ®rl © 2270 FAD e HAIE tag 24
|

- stelEl wol ofstof 33
elgol MeMe Hote
- Aol WL Bob Aol ChE Wid AL MEHS MR
- = A E
- = ABe 43 FWE,



- Stetel AR E Eotet = tfg AIRE EIIshE monadic EHE AMEE
- A=z Atolof 2222 FAzt 2 MAlE 22 F=235] 22 TS 2.

AR = first sam

ple effectE® 27| I3l Williams Latin square designoll 2} HA[E .

O 87 24
= 2AEM(Analysis of variance; ANOVA)
-2t AlRo| S0l thst clolEe] WE ¥ EFHEAE ToIAS
doz Az, dfd, g1} o|F2| 2xt A45AE0| ZEEJ2n, AFEM OS2 = Tukey HSD
test (p<0.05)& Fa &t
- ANOVAR} AtZ2AM ZHIl= SPSS (ver 25.0, IBM inc., Armonk, NY, USA)E 0| 25l0{ 24{st
» FME EM(Principal component analysis; PCA)
- 2t AlBet EM7ZIe| CiHE AMAAE LotET| s 2 SMeo| HAGE 0[8st0] FHE 2
A (principal components analysis, PCA)2 AlA| &t
- R EAAZE0of(ver 3.3.2, R foundation for Statistical Computing, Vienna, Austria) 7|tto]
FactoMineR packageE 0O|&35l0{ 248t
Table 1-18. Definitions and reference materials for descriptive attributes of sweetener samples
Scale
Attributes Definition Reference materials value
(0 to 15)
Fundamental taste 2% (w/v") sucrose (C] CheilJedang Co., 1 7 and
Sweetness sensation of which sucrose Ltd., Korea), 5% and 10% sucrose in 1‘3
is typical water.
Taste Fundamental taste
o . . _ .
Bitterness sensation of which caffeine gtof oﬁ s(wlélv(% cagzl)niés€$2 rAldnCh‘ 14
and quinine is typical ) ’ ’ ’
. 5% (w/v) acacia honey
Honey Honey flavor typically . .
Flavor flavor found in Acacia honey Ssaetc;?aksanmllbongwon, Korea) in 10
The feeling which shrivels - .
) ) . . : 0.1% (w/v) aluminium potassium
Trigemin ?strmgen ;?Lel Hg?rﬁ%?ne agf;;gﬁf;d with sulfate (Daejung Chemicals & metals 15
al y p Co., Gyeonggi-do, Korea.) in water.
sulfate
Senses Coolin Cooling sensation 0.005% (w/v) menthol flavor (ES Food, 12
8 associated with menthol Korea) in water.
1.5g potato starch (potato starch,
Bod Rate of sample flow on the Sunginfood, Gyeounggi-do, Korea) N/A?
y tongue boiled in 500mL water on low heat
with stirring for 5 min
Sweet Sweet taste for 5 s after 0.05% (w/v) aspartame (the nutrasweet 3
Temporal aftertaste  expectoration Co., USA) in water.
aspect Bitter Bitter taste for 5 s after 0.03% (w/v) caffein (sigma-Aldrich, 15
aftertaste  expectoration st.Lous, MO, USA) in water.
Time to The time when maximum Time check using a timer; Rating was 2 :dl S
maximum  sweetness was first increases by 1 point for every 0.5 s an
sweetness perceived delay 10 : 5 s

1 Weight per volume

2 N/A: the reference standard of the sensory attribute did not have a specific scale value because the
reference sample was only used for the panelists’ concept alignment
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O

O

O oo o o O O O o0 00

Zt HdolRoM =EE ol S4E2 s Zots Table 1-192F 22, AlR2| HsEHE ot T
Holof CiA o2 ESEY| fIstod Zo| £3 A Fo| Al 240 ZEEHUS.

= =
Figure 1-42 PCAS| Zztz, ARl SH59 HAHE HES.
PCA Z1te| dim 1, dim 2& 22 ©H $S2| 60.13%, 25.81%5 AU (Figure 1-4).
Dim 12| 2ol dekoz Eekn|, tiSh Hif|Zio|, 2o Weez2= HZ
Zol =H FsiE.
=]

Dim 22| gfo| ggtoz = CSt $a|, ZHeist
o =3

= =o Figure |-
Table 1-19).
Dim 12| S<o| atskol =H Fst= G-reb A= M1t "|wsto] ©H8te] {olX Xtol= it
(Table 1-19), £8F #8F 0|, B2 =Z0| fFeldoz LIS
Ery= £8f £8F To|, B30 ZW2n, G-reb A2t HWH S ©f RAQl Xto|7} §IAS. ©HH,
stek =2Z0| G-reb A & ot 2} CIE A= dHl|s| FolH2 ZstA LIEHGLE, TSl S50}
XM A0 Fo/™ xto|7t gits (Figure 1-4B, Table 1-19).
G-reb A%t Ery =&A|l CISE A5 &3h= LEEHLEX] 2Et&(Table 1-19).
G-reb Aol EryE =Z&5ilS Wf HS, CSt=o|, =of St SEHAEEI ReldezE HAasRS

(Table 1-19).
2 AFolA GE37 ¥ GE73= G-reb A, Ery A|ZECE fFelMoz O #£5t0| ZsHA| 2US.
GE73AIR 9| £8F 207} G-reb At H|W5I0] FoMo2 ZAEA2H, EryE 30%2 & e AR
HISH 70%E E&e Zd £ctnt #0F So(7t SIHE (Table 1-19).

=

AA
— —
G-reb A2t HE S ETSIE 49, HY2 G-reb A BH= A|RECH CiSH0| Ro(Me 2 AS55HA

=
=)
)
G-reb Aol HE2 éiér H Ciof 45 2o Qolx 25 £5 30|, 55 S0l dasHes S

19).
= =0l= 7oA Xfto|7t 20|X| glot, ME DO =30| G-reb AQ| ETHEE
Zo| Zao FEg FX| ng Wo 2 Lt (Table 1-19).

o 2ko| dteko| @[X|Et GM37, GM73=2 Gt CiSt= 0|, Z&ko|, dHiC|Zo| 2 A|Zof| (s
St LIEt(Table 1-19, Figure |1-4).

7k
GM37 & GM732 100% G-reb A2t v|usto] 5 #0F 0|, HE S40| RNz L5

o
=

GME&=2t G-reb AS| T8t Fo|= FeolHel xto|7t giS (Table 1-19).

ZEMOZR G-reb A0 dY = UEES =Tsi¥S ZF TS 71 2 #8H #£0F 20|, @S
EMo| ZtAsh "h | ciokel AjZbof| w2 Hslo|l= HES 0|X|X| LAHL} ciSF Fo0|E SIS,
gt o2l A E S SRSI¥ S 4T TEtnt #5te HEte glent ®S, St Fo|, =of oSl 36
HEoM G-reb AECH RelHoz ZASIUS.
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Table I-19. Mean intensities of descriptive sensory attributes elicited by sucrose and 9 sweeteners

Sample! G-reb A  Suc Mal Ery GS37 GS73 GM37 GM73 GE37 GE73

7.3 7.0% 7.8 6.3 10.2°  9.6° 10.3%¢  10.5¢ 7.2° 7.6

Sweet
WESHIESS 2 (07 (L) (0.9 (1.3)  (1.6)  (0.8) (1.0) (1.4  (1.6)
, 4.5 120 1.9 50 2.1° 2.5 172 23> 459 400

Bitterness

(1.3) (1.0)  (1.8) (1.6) (1.6) (1.6) (1.5) (2.00 (1.6) (1.4

Honey 2.9ab 2.3 5ge 1.4° 349 319 5o 5.8  2.4bc  gnpbe

flavor (1.8) (1.6) (200  (1.3)  (2.00 (2.00 (1.2) (1.7) (1.7) (2.0

Astringen 3.9° 0.8° 1.8° 4.0° 1.9 23bcd g qgbc 9gd 9

cy (1.6) (0.9) (1.8) (1.6) (1.4 (1.8) (1.5) (L.7) (1.7) (L.7)

_ 1.0 0.6° 0.9 439 0.8° 1.0° 0.72 0.8° 3.3¢ 2.5°
Cooling

(1.0) (0.8) (0.9 (1.6) (1.0) (1.3) (1.0) (2.3) (1.3) (1.8

Bod 2.42 2.12 3.4b 2.12 2.4° 2.3° 3.8" 3.6" 2.3% 2.3°

O

Y (2.6) (2.5)  (2.6)  (2.5) (2.2) (2.5 (2.5 (2.3) (25 (2.3)

Sweet 4.5° 1.6° 320 180  43f 40 49 46 2.6  3.1°

aftertaste (1.3) (1.0) (1.3) (1.2) (1.3) (1.2) (1.1) (1.2) (1.2) (1.4)

Bitter 3.74 0.8 1.2® 379 14 19 198 7 33d 2.9¢

aftertaste (1.5) (1.0) (1.3) (1.7) (1.2) (1.8) (1.5) (1.7) (1.6) (1.6)

Time to 6.3d 3.2 43  36® 534 g7° 6.4° 4.8 4.3 45
maximum

aweetness  (21)  (L5) (15 (1.8) (22) (25) (25 (21) (1.8)  (2.0)

ISee Table I-15 for sample abbreviations
Different alphabet letters indicate a significant difference among the samples (p<0.05).

3Standard deviation

(A) (B)
i e
G-rebA | e Time to maximum sweetness
e e :
, ; Astririgency / ; fgxf‘tertasle
; Bitter. ;»Pfeﬁagte PANEY B
.GM37 05 ..-'1.—: \\ ,-'" /’{ "\_.
. ,-". \\\‘\ ,:-".. e Body ',
GE37 : Gi73 il \ a2
5 . : GE73. . GS73 GS37 F 0 SN /=" Sweelndss
® Ery ) E % Coadling ; =
& I R — L= Honeyflavor
o Mal ~ | |
E : £ !
=) a II II
2
i N\ ’
§ AN o
»Suc - b=
-4 e o
50 25 v:o 25 [ s o I_.]__F’ -
Dim 1 (60.13%) Dim 1 (60.13%)

Figure 1-4. Principal component loading scores of the samples (A) and sensory attributes
(B) from 10 sweeteners on Dim 1 and Dim 2.
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4. £l NHDC EZio| o &tizo|z R Zo| 54

Ah

O &7 NHDC Z™oldel ME ofy| dojdolz 5

O

AlSlol| M= 2-alternative forced choice method (2-AFC) & 0|&53510] 47 5= =2 =2 K|

% =0 = o
= MY 21 0.03% NHDC ZHO|x =ZHo| it 2T & H[W5t0] 0.03% NHDC Ol
of HEhH| MdHHD|=E EH

O Hd2 €4 Ho[oxoll chst Ll 27]AL gl TF 20A 0|4 40CH o|gtel ofd g A2 Z o3t
Atefstn 2etel AlAHo| 28 SUES YEESHH 28

O 2HES 3Kt Apebxol 7o XA} 30 Mgt

422 A=

O H2MFollA MAr=El AlF NHDC ZXO|HE AIBE AL,

O Mete] 552 47| £Z(2%, 3%, 4%, 5%)2=2 H=35t04 zt sZoict 0.03% NHDC =0l |
MWD o ZHEE H|W,

4.2.3 Yot Ext & W8

O AAIREIE0] 0.03% NHDC EXo|d Tt 47 5= +=Fo| Me M A2 & 442 FHItg .

O HAIEl A2 MAE 5% S HEZX MAIE Ef ZHof| 2 & 5% Zote| 8t2 i & 10=
oF LIAX|= S Al cisks "Wotet

O4 s =202 H=z= Met 8HE 0.03% NHDC HMO|A ==2U 1} v|wsto] ctoto| of Zst
BE MHsIES B

O & %o AIRS HIIE AlZk2 o 420[2U20f Chg A2 4o Hyl ® 287 FAD 8 HA|
rtalg 2o AR 83| U2 WTEE &

O M&e o|sloiAlthstm MEstA 2 510-25 ZHSMOIA AA

4.2.4. ANR2O| ZH|

2 Ao NHDC ZX™olAlel AMfZdo|=E 10022 JIM, H4Z20o|l magnetic stirer2 108
I

02 7t 2 mEksto g3 BaAIH Mzt

(&)

O
O #Ztg7t 18A17ZE Mol A2 E sTEHE M= 57 A20AM (18T) £, ALS
O A gt oAz ™ ARE L3 & Z2tAE ol 2f 30mI% 2= 5t0] AA|

4.2.5 A Z29| HA|

O 4712 "ot #4of chsl MAlZl= =M= Wiliams Latin Square Designoll 2|3l ZH
(O 0.03% NHDC YH™olx +=2Un ME U 14 oMol A2 HII &A= counter-balanced

23
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oM F&et M A2 =AtZ E7|

T & FYAHAE Al

O Mde EHZ 0.03% NHDC ZEXolx|l SHEct o 2otn Holst 85 =5 AMo| concentration -

o 1=
response (C-R curve)E2 st 3| HA( % response = a x concentration(%) + b )& T35l S&
E0| 50%Y Mo MESEE AL
OH

O &t Zo|x = SEHE 50%Y mel M 5%/ NHDC Hold 894 =% (0.03%)

O NHDC =#™o|x| el C-R curve Figure 1-52F &&.
O AlZze| 3| Aol tist R?Zf2 0.91-0.992, 3| Ao| ZAxigiol| Z
SEHES%Y M 0.03%2| NHDC YHZXolx= ME Mo 3.5%=2 Al

O 3|7Al2 y= 0.2226x — 0.2871, Re= 0.92¢!.
O NHDC E™olx el MUErzs 117.860(U 3.

Figure 1-5. Concentration—-response Curve of G-NHDC

5. A7 NHDC ZEHMo[x|-AHH|2AIO|=E ZHXO|H &&8E L M7 NHDC ZXo|A-xg™ Zolg &

gt=2| Zo| M 24

51. 97 =H

O 2 AMs2 NHDC YMo|x e ciekst Zto| 25 =3510 BAIEAM o R cigt ALsAlg 3 Zho|H &£
Mo B M5
o = = 1 09a-

5.2. AEMA

O olg ?all o™ E&=o|l S ofz] APk Ho|Re MHD|EE FEHE &= Adzolx
7| | siEste 22 Z8H=(binary mixture)2 =gsto =829 Zo| £
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Table 1-20. Sweetener samples

Manufacturer

CJ CheilJedang Co., Ltd., Korea

Samples

Sucrose

CJ] CheilJedang Co., Ltd., Korea
Vitasweet Co., Ltd., China

G-Rebaudioside A

Aspartame

Vitasweet Co., Ltd., China

Acesulfame-K

JMC Corporation., Korea
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Table 1-21. 7|28t =3H A|EEH &

7] gt =
ook ek 1% 2% 3.5% 5%
ook AdEr 5% 7% 9% 11%
2A0t_caffeine 0.01% 0.02% 0.04% 0.08%
@ oot tannin 0.01% 0.03% 0.05% -
- BAIEYN 80 EE
v B0{EE2 2 Ado| AFEE, sucrose 7|FE M I =2 5E(1%, 2%, 3.5%, 5%, 7%
9%) &, B2t =52 5%°| T2, sucrosed| A25t= ZH AR 20{E&ES Xd
v SO0EE A AIBE AMER sE= CiS3 Z23(Table 1-22).
v B0{EZE2 checkboxE O[&3l0{ A|[RE B2 LHX|= &=0 MIAstESE st, FIH&Ql
olHdg MEE &
v To| EEZS Soll fid=2 el E sto] S0 E =t™e A"E Xdotn AZRoA =&E= St
°of EME 31 &S (Table 1-23)
v 7|28t Z@En 2 AMEo| A2 BHEBF EFE M T+ Ko, Won-Whi, Seong-Bo Kim, and
Seo—Jin Chung (2020)12] & &35, 0.5%, 3.5%, 7.5%, 12% S F=ZTo| ME =
M 0|25 S(Table 1-24).
v CI2 EM2 £=20 AMEf2 XastD 2 Hi2oz LT E | IASIEE &
v EZEHass digol "Hotst Z4EE B Uo EFEdsst &
Table 1-22. E0{EZ& Al™Ho AIEE AR 5%
Samples Expected relative sweetness =T (%)
Sucrose - 5
Glycosyl Rebaudioside A 160 0.031
Aspartame 190 0.026
Acesulfame-K 190 0.026
Saccharin 420 0.012
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#5854 vAHS 39l 2EEd
@t 0.3 47 = 0.5%9 +~8& a5 58 + = 9958
ook 34 A 5L 3.5%9 8 d¥ 35g + = 965g
o@ak 94 e 5= 7.5%9 8 A& 75g + = 925¢
oot 1474 e 5% 12%9] 8 A& 120g + = 880g
at/3ka| -
AN [} - 0o/ O AQ
2op 78 Caffeine &5 0.04%2] 8 | caffeine 0.4g + 2 999.6
olm&o] ciub gx Aol ©gbo] ofd QlgAlo | TRAAE(FAGY) 208 +
olega Ful 84 | olegmolx LR go) | TOCr snex 4008+ 8
= o] 114 BOoA AR = O & 120g + = 8208
~ 0|ZIAlAS] D E= Opu[A]7]=
de/EEY 7R e ST = B 1g + & 999g
Qlot7bE = == st of2 v AR A
g 5 BRSO A WAR] = AoHEE | mg]of 200g + = 800g
oot 0.34 A 5% 0.5%9 8 ¥ 5g + & 995g
o@at 34 e 5= 3.5%9 8 A& 35g + = 965¢g
0] ook 94 A 5% 7.5%9 8 d¥ 75g + = 925g
oot 1474 e 5% 12%9] 8 A& 120g + = 880g
i i 0.0] ~Q
20t 67 Caffeine 5 0.04%2] 8 | coffeine 0.4g + 2 999.6g
Table |-24. Mg 8% 0|23 oot EXE HE
=T 0.5% 3.5% 7.5% 12%
P 0.3% 3% 9% 147

- SE-HISEr S (E24E)

v & 49| Zo|AM (G-Rebaudioside A, Aspartame, Acesulfame—K, Saccharine)oll tHsll &
TS &5 T &S0 ClYst s& FFolAM MEH| Ao Zo|EE £3-5H7| 95 Table
=25 2} Z0o| A|RE M=

v E£X dHe gIl+=F = E(G-Rebaudioside ARt 470=F)2| sucrose =W} 0| A25H=
67 =& =5<(G-Rebaudioside ATH 471=F)2| Ho|lz F=EHZ st MEZ HIst= SSCE
#Holg

v AEZ 58 sE-uE & ST AU EES oM 2 AFHoME EH oY § &
25t GAISO0{E 0|83510] 4 ME A|2ol| CHal Z424M EM ZEE 158 4 HE =2 B}

v ZE HToM 02 "SHXIX 42" 7THES "HE" 142 " ZdE'e=z TAIFD mlde
ARE "ote of zZ+zte| AZtd EM AT & MEst 2Ixlo EA|

v st 7] Al2oll tHSt BIIE oIzl F CkS A|RE HMA|SI A2} A|R Alolol= 21 7Y
HelH= dJal &k

AN
N
=
Im
ng
tu
w
T
Jir o
E
N
r
00|I
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Table 1-25. & A&oM A= M & 20| 2xfel 5= =&
Sample(expected relative Concentration(%)
sweetness )
Sucrose 1% 2% 3.5% 5% 7% 9%
Aspartame (200) 0.005%  0.01% 0.018%  0.025%  0.035%  0.045%
Acesulfame-K (200) 0.005%  0.01% 0.018%  0.025%  0.035%  0.045%
Saccharin (420) 0.067% 0.133%  0.233%  0.333%  0.467% 0.6%
Sample(expected relative sweetness ) Concentration(%)
Sucrose 2% 3.5% 5.5% 8%
Glycosyl Rebaudioside A (165) 0.012% 0.021% 0.033% 0.048%

- AMR2l S Zo|FFEoAMe Zo|ld Wits-ttsesr SY(24E)
v X AgolM Al=oll diof =&t sE=E 4 = 3HME
Z

A& JolAE gl = = (%)
Sucrose - 6
Glycosyl Rebaudioside A 147.2817 0.0407
Aspartame 153.3946 0.0391
Acesulfame-K 112.0928 0.0535
Saccharin 292.506 0.0205
O A2
- DAENS Sif HSE AT ARE FRMD AR ALY SN LT e KN Fo|2 Y
Z5t7] flofl LdeMEEYEE o|Eet 2MEME AA
- A | Zolzh e B2, 2t LN SN YEel MY AR 2o RoMe

M
HA=3517| el AFSEEAM = Duncan's Multiple Range Test & A (0=0.05)
» S EMol= IBM SPSS Statistics 21(SPSS Inc., Chicago, USA), R Statistical System 3.6.1

evelopment Core Team, 2011)& Al

-
)

O o7&zt
» Sucrose®}t Z+ A|R2| 3
- G-Reb A : A i3
236t= G-Reb ASE
E|

|
0.002-0.02%0ll M AdEe| 2F 763-1708f EE=E =O|Lt 0.03-0.06%01A= 2 160-130H12| ZF

|7

=
S
9o

A gl ZEd ACHEE
T (sucrose equivalent concentration)2 &HAISIE S ME 2~5% & Lo
A 2F 763~160t2el AT} ZOo|EE LIEPH . MECHH| A Zo|E&=

o= & 23 (Figure 1-6).

- Aspartame: 8% & SE(sucrose equivalent concentration)2 &SI S ME 2~45% M
Fo| ASSl= Aspartames kel A 2F 236~163H2| At Zo|= & Hel. Meid| Atcf Zt

Ol== 0.008-0.04%01AM A2l <F 236-1688f FTE =O|-t

o Wy —

153-144 Fxof &M oy & Zo|=E LIEH (Figure 1-7).
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- Acesulfame-K: A& O S =X(sucrose equivalent concentration)2 EHMSIRS MY 2~6% N
Tofl A383t= Acesulfame-KsE2| 2 <F 250~10082| At Zio|=& 2ol MECHH| &
Zo|E&= 0.01-0.05%0IM MEe| 2k 250-1108f2e] ZO|EE YHHHsIFS. =2 s AIEg
4 50 Mol MY fd| &oi Zo|=E LtERH (Figure 1-8).

- Saccharin: 8% & &SX(sucrose equivalent concentration)2 2HAEsH
235l= Saccharins £l 2% <F 430~302tf2| At Zo|E& =&l
0.004-0.02%0l| Al AMEfto] <F 430-2024le] Zn|EE st =2 =
of A& ofd| &t Zo|=5 LtEFH (Figure 1-9).

Table 1-27. Zt Al2 ¥ sucrose M| 3| Alz} s Zo|22| 3|74

Sample Sucrose £919] 3| HAl sig 7tols 3 YAl
Glycosyl Rebaudioside A y =13967% 004 y =laz36x * 5308
Aspartame . 1@2%%96{528665 Y :1%27:7'8?(9;8?.35
_ y = 1.2726x + 0.5381 y = 2.7253In(x) + 15.076
Acesulfame-K R’= 0.9974 R’= 0.9392
Saccharin - 1.1%?39&95 50.5753 y :31%27;68?(9502'503
icrose G-Rebaudioside A
-] il
.- &
a
¥ = 1357x - 09904 : y = 142 36x + 13503
> [ R® = 09993 e S R= = 09312
-
L ]
L] L]
L L]
L ™ - & LN ™ » -

Figure 1-6. Glycosyl Rebaudioside AS| AtCHZto| =
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SUCTOSE ﬁspartam.e T
¥ = 13612x - 0.8665 y = 177.7x + 035
14 ~ RE =09964 10 B2 = 0o7E1
i ol
gs - £ g
% 10 e g
b .-v"'-‘ £ g
5 8 - L%
B il 5 4
; : s'-'"'..:'. ; .
7 s ¥ B
B o - 5
=R £ 0
0 2 4 & B 10 0 001 002 003 0.04 0.05
Sucrose concentration(®s) Aspartame concentrationd )
Aspartame Aspartame
i 2% L ﬂ < L]
v
E 200 °. < E 200 wie P
¥ e
¢ 150 ' s _.» . & 150 e o "
=
v LA
w 100 100
5 =
% 50 E 50
= = L
0 == i)
0 2 4 b 2] 10 L] 002 004 006 .08
Sucrose equivalent concentration %) Aspartame concentration! %}
Figure |-7. Aspartame?| AtHZio|=
Sucrose |y = 12726 - 05381 Acesulfame-K
) R* = (.9974
12 12 == =
2 i y = 27253000 + 15076
g 10 g 10 . R?a=00392
8 &8
¢ g
it R i)
g B
z z
@ 2 w2
i w
E o] E i}

o 2 q 51 8 10 o ol 002 003 004 (05
Sucrase concentration(®:) Acesulfame-K concentration (%)
Acesulfame-K Acesulfame-K

i 300 s 300
7 I
=29 *e, 220 o
200 . ; 00 g
A 150 ‘e w150 ‘s
z . g L]
g 10 5 2 100 .
A e
T 30 L] o 30 L]
[y} P 0
0 2 4 ] B 10 o 005 01 0A5 0z 025
Sucrose equivalent concentrationf$ Acesulfame-K concentralion %)

Figure 1-8. Acesulfame-K2| AtHZio| =
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Sucrose Saccharin
12 B
a g7
a 10 -F]
& =3
o B w e
e i y = 32766x + 0503
e g o3 R* = (03804
oy el
g 4 =)
i o
= 0
a 2 4 51 a8 10 0 o005 ool 00Ls 002 0025
Sucrose concentration(H) Saccharnn concentration(%)
Saccharin Saccharin
500 500
il ]
] [ ] i -
¥ 400 ., & 400 .,
L al
£ 300 Cee o o, - g 300 *es o .
A @
-d:_.‘u 200 5 200
5} [&:]
= 100 = 100
= =
i i
u 2 4 i} - 1 o 003 (1R 0u3 004
Saccharin concentration (%) Saccharin concentration{3)

Figure 1-9. Saccharine| AtcHZio| =
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- ZolRel % SEY BEH SN S0 YEIL EE B
Table 1-28. Zto|B9| 2t 5EH BsX S4 g2o| BED EX Hi
G-Rebaudioside A T8t @ot  apmogol olggaynl e W /uud AU fujust gopo
0.012% 3.3%19 05209 1.0x1.5 0.4z0.6 0.1+0.3 0.5x0.7 06208 25+1.9 0.3x0.7
0.021% 4415 05+£1.0 L1116 0.5+0.9 0.1+04 05108 0.7£1.0 38120 03108
0.033% G.6+1.4 04209 25224 0.320.8 0.5+1.0 0.5£09 0.6+£1.1 58218 04208
0.048% 8.1+1.3 05+10 33128 0.210.6 0.6+1.2 03207 0.4+0.7 7.7+2.2 04109
Aspartame  ©9F  #gb  olgcigh olpgage] Baol  HeEUR  AUY  sojdst  sojag
0.005% 0.9+06 0711 010 0.4+08 0.0+0.0 0.7x1.1 0.8B+1.5 0.5x0.6 0.6x1.0
0.010% 2.1+07 04108 02205 0.4+09 0.1+0.3 0.5¢0.8 0.5+1.0 1.7+1.0 0.4+0.8
0.018% 36209 02205 05208 0.320.7 0.3+0.7 02404 0.5x0.8 3.2+41.1 0.140.4
0.025% 53x]1.1 03206 1.3£1.4 0.3£0.7 0.2+0.5 0.4+0.6 7+£08 4.5+1.6 0.1+0.4
0.035% 69+1.4 0307 1.8+]1.7 0.6x] 06+1.0 0.6+0.8 0.9+1.2 6.3%1.8 0.3+£0.56
0.045% 7817 05208 Z.0%23 0.5:08 0.6+1.1 0.32£0.5 0.7¢1.0 7.2+2.0 0.440.7
Arcesulfamne-K " - R N R . ) "
ol sgb oipogh olggaynl  EYUl  FIUUR  AYL pojgst  gojzg
0.005% 1.0£0.6 05209 0.0200 0305 0.0x00 0.710.9 09x14 06407 0304
0.010% 1.8£0.5 0306 0105 06209 0.1£0.3 06110 09+1.1 1.2£0.7 0.306
0.018% 3.3+10 07+1.0 06x12 0612 0.2+06 0.6x0.9 0.7¢1.3 2414 06209
0.025% 48+1.1 0.8x1.0 06210 06£1.2 0.4+£08 0.8z1.1 0.9+1.3 3.7x19 0.7%1.3
0.035% L8+1.2 1216 0812 0.6xl.1 0.2£05 05209 0.8+1.3 4.7+£1.9 09z1.2
0.045% 64+16 18B+19 1642 0.4+0.9 0.5+09 05£1.0 0B8+14 47424 1.3+l6
Saccharin gt sor  olzugt olggayu] Y  WLUNE AHYL  gojust  sojag
0.002% 0905 06210 0000 0307 0.0£0.0 0.5z0.8 02+1.2 06106 05109
0.004% 1.7¢0,7 05208 0.2+0.4 0.5+0.9 0.0£0.2 0.4+0.8 0.8+1.1 11208 04207
0.008% 3310 05207 02204  0.5+0.9 0.2+0.6 0406 0.7+1.2 26210  0.6+07
0.011% 47+1.1 0.9+1.1 0.7+¢1.2 04409 0.220.5 0.4+0.7 08+1.2 3.8+1.4 0.6+0.9
0.016% 58+14 09£11 09212 03205 0.1£0.5  0.520.7 0608 5215 0709
0.021% 70£15 1.2+1.4 1.521.5 0611 0.3:05 0408 09+1.3 E.1£2.0 1.0+1.3
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MY 6%sToAM Zojze| Z2ZY EM st=o| Wdnl EFEHA}

- EtgN "olE MAISIE M ciekst o2 5 Zo|$£=(sucroseEY 7|F 6%)0llA 2| Zo|A
HIl= ChS(Table 1-29)2F 22,

- EtEM "ot 23 AlZZF S 2o 7oA Xfol= e AR M E. G-Rebaudioside A2t

Table 1-29. AIE} 6% 5 7|Z02 2t Zo|ze| BSH SA F2o| HAD EXHA
Sample gof &g olzdgl olgsedn] B0l WS/HNH AW fojust  fojsg
Sucrose 7.2¢08 0002 1.2+1.7 05209 0.8+1.0 0.3£0.6 0.9+10 6516 0.0+02
Aspartame 6.9409 04409 15+20 07+1.2 0.5+0.8 0.4+40.7 1.2+16 6.3+£1.7 0.240.5
Acesulfame-K 69+1.1 21418 L1+1.7 0.8:l.1 0.5:0.8 6109 0.7+1.1 57+19 L7116
Sample o #ob  olzoa oegayu] Byn  §euHd AYR  sojust  gojso)
Sucrose 6.1+1.3 0.1+0.3 1.7#2.0 0.4+£0.9 0.2£0.4 0305 0.9+14 54415 0.0£0.0
G-Rebaudioside A 64+1.8 04+09 19425 0.4+048 0.5:0.7 0.320.5 0.9+15 6422 0.3:0.6
Saccharin 5513 1.0z1.1 09415 05210 0.1£0.3 0.50.8 1.0£1.7 5116 0.8£0.9

5.2.2. NHDC YZTOo|x- AHH|2AIO|E SHo[A X MEF Aoz Ee=2 Zo| S4 24

O

AlE gbH
MY 10% T8UE 7|FE2R o|of &3sts S ZEE Xd =g Zo| =2 NHDCEHOlA,
G-Rebaudioside A, sucrose, Acesulfame-K & 0|&35l01 2ME EZE2 M =st0{ Al{X] &
Zo|dE "ot
A2 A AET. o BAIRA AYI AT X2 BAIEA T

FAEY T
- mge w2 Zo|Axol it L 27|17} gl ok 20 Al O[4 40mh olole] ofME iAoz @
PN

=]

~ oF 20M2E| 25NN (H R 22.2, EEHA 1.8) & 9Ho| 5G] RAHEA Mol Ao

AR

- g-NHDC baseZ 3101 bulk Zo| 2% (Sucrose) == Z0|2X (G-Rebaudioside A)E 3.5:
6.59 282 =Fe=2 FM5t0{ HE10% Chd| Zo|=et Zo|&E S "ItehTable 1-30).

- G—-Rebaudioside A baseZ 3t0d bulk Zto| &K (Sucrose) BE&= 15 nZo|AX (Aspartame,
Acesulfame-K, Saccharin )& 3.5: 6.5, 5:52| 2ME =22 FMsl0f ME10% CiH| Zo|l=

of Zol2g "ot
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Table 1-30. 2d & =g

Base H|-& AR (%) Abbr.
A5 10% Sucl0
o-NHDC 35 - 6.5 g-NHDC + g-reb A g-Ng-Reb3565
g-NHDC + sucrose g-Nsuc3565
g-reb A + sucrose g-RebSuc3565
_ g-reb A + aspastame g-RebAsp3565
3.5165 g-reb A + acesulfame-K g-RebAce3565
o g-reb A + saccharin g-RebSacc3565
g-Rebaudioside A g-reb A + sucrose g-RebSuch5
) g-reb A + aspartame g-RebAspbb
> g-reb A + acesulfame-K g-RebAcebb
g-reb A + saccharin g-RebSacchb
» BAMEAM oL HAL Y UHE
- g2 o|to{AtcHstm MErstA R 51130|M 23Sk 15/of 2A[ZH & 83| ZX 2 7o
&Hod
- M AE. o BAIEAM AMEI et HXE BAEAME TSN, A2 3EtES A

v 7|25 £ ME1. of 7|20 EHD SYUs AR AWSOLL T EHo| AlRSEE
El 22tE s MY 10%B22 =3 T (Table 1-31).

71 o T
ot A2g 9% 10% 10.5% 11%
CHor_AMEr 10% 10.5% 11% 12%
220} _caffeine 0.01% 0.02% 0.04% 0.08%
@-eol_tannin 0.01% 0.03% 0.05% -
- BARM B0 &
v B0{EE2 ME1.1of Ut HXE SIS, X, E0{EE ALEE AlRE= 2 A" AL
g 2t =g A
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Table 1-32. A|Z0fl A

+
wo | 0| oo 00 oo | 20| oo
S8 |g | & S| 8| 3|
| @ | |+ | X o__m S| o | o |4
- 1 °
o LR R e e A R
ofy o O R £ o= A I I A R B (=Y
% o))
K w| @ X~ 0 w| Q| 2| e
H S| 8|S |eum 2|/ S| 8| 2|5
«© — — (&) yA_ © — — (]
- oF T —_— =
W | o |R|X T || 0| 9o |®
T ma! T
oz | oz |© | W | oz |©
r|
T i
ol ol . = |=r |=r |oo
=r B |37 jatiag (] (] (5]
S L G S
J
A_l A_l A_l m/nwu o m_n.A m,|_ w__\_ .A_l A_l A_l m/nwu
CECE WK = [ @ o |x
I S N i R B ) R =t
o S S N M= ol ] 1 IR SR (¥R [V
Ulo W e BRI (H [
Ho | Ho o J oo T Mo o o |
(0] ¥ o)
2B EE e BOLE e IS
R AL = M_n_ U U =
o R O
> |2
~
RS
S ITIEIE|ED 2\ BIRIEIS,
o - o = | =
A A N R S S R
o Al A TR _Mm % LI A A
o [t
%0
u = ol _
=r 700 N 2
K ~ o/ ioF
nﬁ oK o
.

ol
ur
or

o

Duncan's

=
S

M
A

Multiple Range TestE AlA| (a=0.05).

o= IBM SPSS Statistics 21(SPSS Inc., Chicago, USA), R Statistical System 3.6.1

(R Development Core Team, 2011)2 ALS

O d7&n

IH

0l

[m]
o

H

Pl

7ol
it
it
~
olo

o

i
100
710

B
ofu

5

1l

ol
-,
03

oR

b

Ato|Z7t LEFR]|

OI_|
tol7t Ltet

Lt
=

X

o
7ol &2l

X2tk g-NHDC + sucrose (3.5:6.5)2}

o}
s

LHEFFX]

— Control

g-Reb A + sucrose (5:5)=

el .g-NHDC +

g-NHDC + sucroseX}

100

22|10

Al 20l A

[
e
Ed E

Fst

=8

g-NHDC basez

ol

HH

=/

|
2H

[
[

g—Rebaudioside A

ol
a

fo| 7} &
— G-Rebaudioside A + Acesulfame—-K Z=&0|

X

0.12|

715 2 {G-Rebaudioside A +

SHA|

1
S

S EE L5

1

47+

1L
[=]

A
=]

| —
1

Acesulfame—-K 3.6:6.5H]|
- G-Rebaudioside A2| H|E0|

. Sucrose

<0

Al LHEHE

°

Thote RAF
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Table 1-33. =8t AlR9| 2#&5X E4 &5 gt #FHA

Sample o) 2a) JlpTigt  gengeu] Py EE gojghal  gojag)
P-value 0171 0,000 0.788 0,000 0.000" 0.003™ 0.096 0.000™"
Sucl0 (control}  7.3+1.1° 0.3+08  26+£3.0° 16£25 06:1.1° 0.9+1.5% E7+1.8° 02206
g-MNg-Reb3565 8.1+21% 22423 33+37° 20437 2.042 5% 1.2+1.8%  74:23% 17s23%
g-Naued56s B2+l 7 1.1+14% 29:37* 25:29° 0917  14+24° 74225 11370

g-RebSuc3bet  7.7:1.3% 05211  3.3:32% 1.0:1.8% 0.8+1.2° 0.6+1.5% 7715 03:08"
g-RebAsp3SEE  7.9+1.3% 1.3+20° 35+3.2% 10&1.0% LI+1.6*% 06+1.3%® 7513 L0xLg"=*

g-RebAce3565  7.7+16% 32+421° Z2B+ZHR* 0.3:08" 1.B+1.7  07+1.3* 7.1:19% 29:¢19"
g-RebSace3565 7.5+¢1.2% 23420° 27427 0409 15819 05:1.4' 69:15° 27:20%
g-RehSuchs B.3+1.5" 1.0+1.6% 30+34° 16422°  L1x17®  08+16% 74216 07+1.3™
g-RebAspSs B1+11% 1.2+1.7 27+£30% 1723  12:16% 04208 79:1.4  09#1.3%
g-RebAcess 7.9+1.2" 24:1.9% 3.1:30° 04210 1.9+1.9%  04+08° 7.0:15% 20%15"%
g-RebSacchs 7.6+1.3" 2.0+1.8° 2727 0.T7£14% 1.4+ 1.6 0.4+0.7 7.%:1.7%  L5x1.5™

1) NS, ™ :pe00l, "1001=p< 01, "L.0l=p=.05
2) Design: panel + sample + panel=sample
3) Duncan’s AFERA  acheccd<ecf<g

4) SuclOstulie) B S40] 287t 29 A2 G402 A

» 2ME AMBRE=FA Zo|Ee AIZH TEs (FHEEAM, PCA)
- AlE2=xgo| tist FHE EAS AAlet 21, FHAE10 FTHE2I F 24k o 72%E A Y
- 1M E ko gskof| 9| x|§F g-Nsuc3565, g—-Ng—-Reb3565, RebSuc3565, g—RebAsp3565,
g-RebSuch5, g-RebAsp55A| 2= CHEHm A= KM (S elsXeol ool gz|ng s, F

o|cehol A LiEtE

- ot diz, M1 FHAE =9 2Eol fIX|5tst  g-RebAce3565, g-RebSacc3565,
g—RebAce55, g—RebSacch5= 2 /8 A =5 :

- glycosyl NHDC-AHH|2AIO|= YHO|H =7 AlZel AN Sd2 Hd8E 100% A SIAS
me| EAQ. MENS 30%~50% =22 AIJF F glycosyl NHDC-AHH|2ALO|E ZHEO|A|
grol Z42M EMol Z 100% Al Ect= o|o|7t s Hde=z HEHE. oo 3XtdEs=
& 100% CH&ZF ot 50% CHA Al glycosyl NHDC-AHH|2AO|=E SMO|& =Fte| Zo| 7|s

42 AH AF AIZEOM ISl 2

rwx
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Variables factor map (PCA)
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[BAHA L]

1. &l AHE[ZAIO|I=E EH0[A H EE=S XEE

HAIR 2 ABCHStm 2Ztnts ol Aol Lu(xt ZHA 29
hetm 2ail Aol AIbAt BEES BAIBH] AP el
Oixt 53)2 Mgt

O 7879 o
b | 2(G-reb A+erythritol, G-reb A+maltitol)el & 9

o b
O 2-AFCE S8l ST 7% 4% 28U SUs Lo|T8

O M2 ==%(Lemon plus, EUROFOOD s.r.I, Messina, ltaly)2

(=}
OAME Mz= & 2o g

o
O AZE Bt 2412 & B4 s

ERel

7=
= -

d2Hol=2f HolE &4

poolZ2 CHAeZ of

Zo|lg (MEH G-reb A, Reb A, Reb M, sucralose, erythritol, maltitol) 2t 25 /2

ANZ27t AFEE (Table 1-34).
SEE Oo|2 (Table 1-34).

S -L=

C
g E2t2H Zol 80mLY AFsto] Al2(22+2TC)2 2 HA|E

Table 1-34. The information of sample concentration used in descriptive analysis

7% HolE FEN0 3% F=

Hat 280 M2

At 8% (20-30CH HA} 3H,

il

Abbreviation Sample Concentration
Sucrose Sucrose 7.0000%
G-Reb A Glycosyl Rebaudioside A 0.0476%
Reb A Rebaudioside A 0.053%
Reb M Rebaudioside M 0.044%
Sucralose Sucralose 0.0143%
Erythritol Erythritol 11.529%
Maltitol Maltitol 9.513%
o 1:1 mixture of
GE Glycosyl Rebaudioside A 0.0476% G-Reb A solution and
+ Erythritol
11.529% erythritol solution
o 1:1 mixture of
GM Glycosyl Rebaudioside A 0.0476% G-Reb A solution and

+ Maltitol

9.513% maltitol solution

1.1.3. 0Y 22 2 @Yot
O sy =a
- WY RS 1Y Sob F 343 AU, 5T 1412
- B0l Y EFE AIR, B W g
- Orientation © ZAF B8, BSZHAL 2 BAHEAS] )

, S 19N ZE A=A Z



wr

b (Table 1-35, 1-36).
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=
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A2 = first sample effect& 27| 9

ol & 2
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M (Principal component analysis; PCA)

4 1H

2 A2 M (Analysis of variance; ANOVA)
off cf
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Table [-35. Definitions of sensory attributes of 9 sweetener samples in lemonade systems

Attributes Definition Reference materials
Fundamental taste .
: ; 2% (w/v) sucrose (C] CheilJedang Co., Ltd,
Sweetness sensation of which o S .
sucrose is typical Seoul, Korea) , 5% , 7% sucrose in water
Fundamental taste 7% (w/v) suc)rose (C] Che%l]id?ng Co., Ltd,
. sensation of which Seoul, Korea) and 0.03% (w/v) caffein
Taste Bitterness  ffeine and quinine is (Sigma-Aldrich, St. Lous, MO, USA) in
typical water.
Fundamental taste - .
Sourness sensation of which citric %‘olfgg)(gl/‘xa%?lc acid (RZBC Co. Ltd,
acid is typical
The flavor associated o L .
Flavor Lemon with lemon 10% (v/v) fresh lemon juice in water
The feeling which
Astringen shrivels the tongue 0.02% (w/v) aluminium potassium sulfate
. . o 8 associated with (Daejung Chemicals & metals Co.,
Trigeminal y aluminium potassium Gyeonggi-do, Korea.) in water.
senses gulfate ; Foial
ensation of artificia
Artificial sweetener associated ([)JSIKD) (1¥/ ;fvggipartame (the nutrasweet Co.,
with aspartame :
1.5g potato starch (potato starch,)
Rate of sample flows on Sunginfood, Gyeounggi-do, Korea) and
Mouthfeel Body the tongue 500mL water boiled using low heat with stir
about 5 minutes.
. 7% (w/v) sucrose (C] CheilJedang Co., Ltd.,
Sweet ggvceoergdtsaiatfete?eg)cgelevcet%rgte Korea) and 0.1% (w/v) aspartame (the
p nutrasweet Co., USA) in water.
Aftertaste Bitter Bitter taste perceived 5 0.03% (w/v) caffein (sigma-Aldrich, st.Lous,
seconds after expectorate MO, USA) in water.
Lemon Lemon flavor perceived 5 o s
flavor seconds after expectorate 10% (v/v) fresh lemon juice in water.

Table [-36. Definitions and tasting methods of the onset of initial sweetness and the time of

maximum sweetness

Attributes Definition Tasting method
The time when sweetness of sample
solution was first perceived while
holding in the oral cavity
Sl?tslg} of The time when sweetness Very fast(scale value : 1.25)
t was first perceived
sweelness - 0-1 second
Very slow(scale value : 13.75)
- 2 seconds
Temporal
aspect The time when maximum sweetness of
sample solution was first perceived
) while holding in the oral cavity
;Fnlg)l(?rrfgm The time ‘.Nh%n tsweetnetss Very fast(scale value : 1.25)
sweetness was perceived stronges ~ 0-1 second
Very slow(scale value : 13.75)
— 4 seconds
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Zo|Z2olM TEE Zo| SM2 2ost ZIat= Table 1-372F 23, AR BsEME Hct BF
Mol Ct4M o2 #ESEY| flsto] ol £3 2 20| AAl EMo| ZEEUS.
Figure I-11= PCAS| Z1=z2, A2} EME9 ZAHE LIebd AW,
PCA Zxe| dim 1, dim 2= 22t ™A #H=2| 37.37%, 29.17%= AHE (Figure 1-11).

| ZHO|= A|AEIOIM G-reb A2} Reb M= Reb Aol H|slf #5tn} #8F $o| ZE7F Reldoz W

1, CSF 2ol ZE7F Reld ez U (Table 1-37).

H2 =20 M= Reb Al Reb M7l ®el&el xto|7t @i (Table 1-37).

Dim22| 52| gtskol ?|xI$t Sucralose, Erythritol, Maltitol2 H2 =72, z[cf c8F &8 HTofA
Fel™Mel xto|7t els (Figure I-11, Table 1-37).

Maltitol2 EtStnt #8k2 He|st thE&2e| EXMolA Erythritolzt 2 Xto|E HO|X| k3 (Table

1-37).

Figure I-11B2| AlIZEIRI2Z Hof, GM2t Sucralose= UMl SEMolM Xto|7F gle Az E

2.

Figure 1-11B2| A Z[Efl2Z Hof, GERt Sucrose= MEFE QI SMoM Xto|7} gle Hez E

A ZHO|= AIAE MoM G-reb Aol erythritol& =gtstH AIStn 8= &0, = Z&o| 2o0/& 3
7t (Table 1-37).

2l 20| = A[AHI AoA G-reb Aol maltitol2 Z&tstH £5tnf HE S HIZHASIX| 235 42
HAaA|F| D CBER ASAIF|E 52X P% H2el(Table 1-37)

22 0|= A|AEOAM A YHOo|A el G-Reb AS Reb At H|WIHS uwf #5F £8+ Fo|, HE
cZol gelxez ZA=of, HH0|7F AHHEIAOIE A Zo|ze| Zo|Eg JiMst=n E1it
= W22 LIEHH
g Mol ¥ & &3S (erythritol, maltitol)2te] E&H2 Reb A Zo|&E JHM NM2foz2 &8 = US.
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Table [-37. Mean intensity of descriptive sensory attributes elicited from 9 sweetener samples in

lemonade
Sucrose!  G-reb A Reb A Reb M  Sucralos  Erythrit oy GE GM
5.65% 6.14% 6.00% 6.52%4 5.97% 4.50° 5.38P 6.09" 6.98¢
Sweetness
(1.43)? (0.81) (1.41) (1.15) (1.16) (1.61) (1.39) (1.08) (1.17)
1.802 2.022 3.83" 2.192 1.912 3.72° 1.84% 2.578 1.907
Bitterness
(0.93) (1.25) (1.44) (1.18) (1.18) (1.13) (0.98) (1.26) (0.98)
3.182 3.412 3.182 3.112 3.16% 3.83% 3.11% 4.70° 3.11%
Sourness
(1.23) (1.05) (1.16) (0.97) (1.01) (1.00) (1.07) (0.88) (1.12)
3.39% 3.73% 3.15% 3.86" 3.89% 3.18% 3.05% 4.49° 3.743b¢
Lemon flavor
(1.36) (1.34) (1.16) (0.93) (1.14) (1.54) (1.33) (1.20) (1.19)
3.872 4.052 5.65° 4.90%¢ 4.052 4.30%° 3.95% 4.15% 3.75%
Astringency
(2.35) (2.36) (2.33) (2.23) (2.38) (2.43) (2.03) (2.37) (2.07)
2.302 2.412 2.57% 3.25° 3.13° 2.28% 2.31% 2.34% 2.322
Artificial
(0.96) (1.11) (1.13) (1.00) (0.97) (1.17) (1.21) (0.97) (0.99)
3.00%° 2.892 2.902 3.25% 3.46° 2.78% 2.923b 3.08% 3.04%°
Body
(1.13) (1.12) (1.07) (1.26) (1.41) (1.18) (1.42) (1.11) (1.23)
5.13% 6.28% 5.44% 7.26" 6.86° 4.28°% 4.93% 5.33b% 5.77%
Sweet
aftertaste (1.42) (1.47)  (164)  (L13)  (1.09) (1.61) (1.48)  (1.16)  (1.39)
. 1.85° 1.912 4.02° 1.872 1.732 2.622 1.822 2.00% 1.647
Bitter
aftertaste (1.16) (1.48) (1.40) (1.66) (1.24) (1.56) (1.23) (1.12) (1.28)
2.88% 3.18% 2.742 3.39b¢ 3.09%° 2.762° 2.753° 3.89¢ 3.16%°
Lemon flavor
aftertaste (1.36) (1.25) (1.45) (1.07) (1.22) (1.16) (1.16) (1.36) (1.44)
Onset of 4.07% 6.64° 6.71° 6.20° 4.37% 4.40% 4,772 4.29° 4.332
initial
lsv;eletness (2.08) (2.79) (2.54) (2.12) (2.22) (2.40) (2.30) (2.10) (2.13)
Time to 5.88% 7.80°¢ 7.68% 7.96° 7.30%¢ 5.50¢ 5.87% 6.23%¢ 7.43%
maximum
sweetness (2.09) (2.98) (2.29) (2.43) (2.72) (2.40) (2.49) (2.48) (3.01)

USee table 1 for sample abbreviation.
IDifferent alphabet letters indicate a significant difference among the samples (Tukey's honestly

significant difference test, p<0.05)

9Standard deviation.
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Figure |-11. Principal component (PC) laoding of the sensory attributes (A) and scores of the
samples (B) from nine sweeteners in the lemonade system on dim 1 and dim 2 (See Table 1-34

for sample abbreviations)

Ao M= 2-alternative forced choice method (2-AFC) & 0|&35t0 Zt2t 7% ME OjH| ==&

40
0

SH[AF HAF 3 poolE tHate 2 B Mat 2EE MEdstn 2
(

BA 229, O{Xt

2iel HA[Zol &AL 2/ 22 3AI5t0] A& el Foi XAt 20~40C1 40Y
18H)S MLe
O M=
» 5 23RS AMNEE Gotol ALEEH(Table 1-38).
» 5 23R 88 AMAHEZ Holo| AL8EH(Table 1-39).
» MEE ZZ2E ALSE

Table [-38. Sample information

Sample
abbreviation

Sample

Manufacturer

Purity(%)

Reb A

Reb M

Rebaudioside A

Rebaudioside M

Shandong Huaxian Stevia
Co., LTD, Jining, China

Shandong Haigen
Bio-Tech, Shandong, China

97.3

95.64
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Table [-39. Beverage system information

Sample Product Manufacturer
Soymilk Maeil soymilk 99.9 Maeil Co. LTD, Seoul, Korea
Milk Lactose-free milk Maeil Co. LTD, Seoul, Korea
O Aze| &H|

" £ HolE ANEEQ & ou|ddE Sall MUt 55F22 M =5t0{ 2+ AlZDtch 7% AE
el s=& M8%t 7 ¥ 272 H1g (Table 1-40).

» NEE B Ho|REE A2 £/ E 270 magnetic stirer(Z22 2, 2 1100rpmolAl 1027t
mitsto] S| BahAlA M =g

» BE ANEs Y AH=ESto] GIOoF A7 MK MA2(22+27TC)o 22k

» ARs M A2 2 EY|e S A5 E EetAE Hol 10mLA AF5td A2e =2 MA[E

Table [-40. The range of concentrations for sweetener samples used in 2-AFC test

Beverage .
Sample Concentration
system
Reb A 0.06%, 0.07%, 0.08%, 0.09%, 0.10%
Soymilk
Reb M 0.03%, 0.0435%, 0.057%, 0.0705%, 0.084%
Reb A 0.04%, 0.05%, 0.06%, 0.07%, 0.08%
Milk
Reb M 0.03%, 0.0435%, 0.057%, 0.0705%, 0.084%

O "ot "Ext

» 1 sessiond st BFQ ZolzE AR 542 Hoteh

* Session H MI == AlRe| &/ ¥ sk HMA|l =M= William Latin Square Designdl 2lalf 23
A=

= 7% ME fH sZo Ff % fRe o2 AR 14 UjolMel AR "HIF =AMEe
counter-balanced, randomized =% S.

» AAL RV 13 4 session? AIRE  HIISIESR s 204, session BII M=
counter—balanced, radomized = US.

= HAIE AR MAHE 5 S HE D MA|E Bl Aol #2 = 5% S| Bt Z/H & 10=
SO EHX|= SAM Al wEkE "It

» 5 3L FECE MZE ARE 42 7% HdY H] sko £ ¥ F®et vlwsto] ol o
4ot A& MESIES g

» ZO|RS MFZE Qo LME = Us ALl EME xHAS6HY| fl5to] AIRE &FX] 2
HEE U2,

» AUIN 22 2F2t HFE MAISIES. 24 E2YoA 4612CTE |G, MEs A2
(22x27C)e| M+E =Ho| ot MAISIFS. oH|AdEE Sotol 724 W 2% HHIE F 235+
2 flsll 252 A7 o =2 I ES StEF dEEAS

= TF WOl ARE "HUISH T Chg AR Aol "ot M 287t {411 g MAlE A7taE 2524
H42 525 g2 d7+=5 &

= S ZFC 1 session(HO0IE 5%)S HWIISH Toll= 10827 FAIE Fotod AAL Al ZZ2HE =
X1y



7% MY SHECI M gotr "®otst 838 =& MO concentration — response (C-R

curve)2 T35t 3 Al( % response = a X concentration(%) + b )& #3504 2EE0| 50%<
el #ol2 s & T8
MO BT = MdE W 5E (7%) /| SEHE 50%Y Mo HolE 5%

2.1.2. A9 Zo

O z+ Al22| 3|40l thist RPZt2 Reb AS X883t 7 AlAHE H<2lslD 0.83-0.852, 3|70
Zojgioll & XMEHE.

O Reb AS M8t 7 AlAE 2 R%Zto| 0,582 3|7 Mol ZAxgtol XMEtstx| ghol FIMol AMEsS
Zley gt

O Reb AE X &St 27/ A|AH 0.09%, 0.10% SE2 2-AFCE XX 2t o{™s| MEtst 37 M
Of Lt2X| 2t 235|8] MY s Utots HES EAS

O Reb AS XE3t 7/ Al2"Hel ZS Two-sided Directional Difference TestollA N=40 <& f
13-26Ho| SEsloF wel& 2l xto|7t 8lZ(a=0.05)8 =ftelzt.

O Reb AE HESH 7 AlaHAAM 13Ho| SEEH ratio of responseE Htsl 0.042% sE=2
2-AFCE FIMH2=Z AAlS] 7% M thH] sk 272t AtiYdzel FolXel xto|7t glas &l

O O

[
Hdolzo| 249 2d 5% HMYEY iy 4P Zotet HlWsi2H, Reb AZt Reb M| HUET

o -l o

st
2+ do|Z2| C-R curve(Figure 1-12, Figure 1-13)0llA s &l M EHE= Table -4112F 2.
_T’_ —

x|
uaste 22 BUS. ols 57t Soksol w2l 2oto] Sukstol Liepd Zate.

Table |-41. Relative sweetness calculated from concentration-response curves

Relative sweetness

Beverage . . ) )

Sample Regression equation R? determined using
system

2-AFC

Reb A y = 10.256x - 0.2967 0.83 90
Soymilk

Reb M y = 0.4955In(x) + 2.0708 0.81 167

Reb A Unavailable - 167

Milk
Reb M y = 0.4932In(x) + 1.9719 0.85 345

_50_



Reb M

Reb A

Figure 1-12. Dose—response curves of 2 sweeteners in soymilk system

Reb M

Figure 1-13. Dose-response curves of 2 sweeteners in milk system
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Stistw 22tel AAl 2o

O AM=R2| &FH|

=R
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S

, Reb A, Reb M)Z} 2 &7/

9 SRl ARt ALZE (Table 1-42).
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o
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il
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H
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(Table 1-42).
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7ol
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[s13
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Table |-42. The information of sample concentration used in descriptive analysis

Abbreviation Sweetener Flavor SweetenCecr)ncentrationFlavor
SN None -
SV Sugar Vanilla 7.0000% 1.3%
SC Chocolate 1.3%
AN None -
AV Reb A Vanilla 0.0778% 1.3%
AC Chocolate 1.3%
MN None -
MV Reb M Vanilla 0.0420% 1.3%
MC Chocolate 1.3%

O og =3 &« g7t
5

=

HES 2ol E2/8 HH 80| 252 JLE (Table 1-43).

v ®ol o EFAIR =B ; S4 8o{o| U Mol U EFAIR, Byt ¥z sy
(Table 1-43), 15cm MAEX (1.25cm; o <stct/of< #t2ct 13.75cm; o< ZstCh/of <

S2|oh) ArEHE e
AL

o
=
El

E
N
Rl
N
Hr

d
10
Jon
e
_"_.__I
oo
=
=
=
i
I°
N
i
)
rfo
4>
~
(@]

+

- 2 A8
- = A¥e 33 FuE
~ sfLtel Al NE5

- A BE= first sample effect& 27| 9all Williams Latin square designoll 2t M A=

O 84 &4
= EAEAM(Analysis of variance; ANOVA)
- 2t A|l2e| EMof st HiolEe B ¥ EFHAE F5IUS.
» FME 24 (Principal component analysis; PCA)
- AN QAIRMCOR EEE A2 SHE0 2 AR 2AE 2ot
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Table [-43. Definitions of sensory attributes of 9 samples in soymilk system

Attributes Definition Reference materials
Soymilk Smell associated with Soymilk (Maeil Co. LTD, Seoul,
odor soymilk Korea)

. . . 7% (w/v) white table sugar (CJ]
Vanilla Smell associated with Cheil]edan(g 5:0) Ltd, Seoul, K(orea)
; and 1.5% (w/v) vanilla flavor (ES
Aroma odor vanilla Food, Seoul, Korea) in soymilk.
7% (w/v) white table sugar (C]
Chocolate Smell associated with CheilJedang Co., Ltd, Seoul, Korea)
and 1.5% (w/v) chocolate flavor
odor chocolate (Serim Food, Gyeonggi-do, Korea)
in soymilk.
5% (w/v) white table sugar (C]
Fundamental taste )
. ; CheilJedang Co., Ltd, Seoul, Korea)
Sweetness sensation of which sucrose 7% . 10% white table sugar in
is typical soymilk.
Taste 7% (w/v) white table sugar (C]
Fundamental taste CheilJedang Co., Ltd, Seoul, Korea)
Bitterness sensation of which caffeine and 0.03% (w/v) caffein
and quinine is typical (Sigma-Aldrich, St. Lous, MO, USA)
in soymilk.
Soymilk The flavor associated with Soymilk (Maeil Co. LTD, Seoul,
soymilk Korea)
7% (w/v) white table sugar (C]
. The flavor associated with CheilJedang Co., Ltd, Seoul, Korea)
Vanilla
Flavor vanilla and 1.5% (w/v) vanilla flavor (ES
Food. Seoul. Korea) in soymilk.
7% (w/v) white table sugar (C] )
. . CheilJedang Co., Ltd, Seoul, Korea
Chocolate E}}]lgcglaa\{(e)r associated with and 1.5% (w/v) chocolate flavor
(Serim Food, Gyeonggi-do, Korea)
in soymilk.

. . The feeling which shrivels 0.05% (w/v) aluminium potassium
Trigeminal Astringenc the tongue associated with sulfate (Daejung chemicals &
senses gency aluminium potassium metals Co., Gyeonggi-do, Korea.) in

sulfate soymilk.
. 0.1% (w/v) aspartame (The
Sweet taste perceived 5 .
Sweet seconds after expectorate gg;ﬁii\éveet Co. Augusta, USA) in
Aftertaste '
Bitter Bitter taste perceived 5 0.03% (w/v) caffein (Sigma-Aldrich,
seconds after expectorate St. Lous, MO, USA) in soymilk.

2.2.2. Ay Z1|

O Table =442 Zo|z, gz, o2t &z MSEEol 217t RoMQIXE HENY, Zo|lz&= dHt
dal &, didzl go|, =3 &, =23 olE MHelst 2E S4o RoldHel HdE¥s 0ds. =
= SYE ZE EYMo woldel dek2 n|¥en, ¥Rt Ho|Re ASEIZR2 TR O|E HMelst
1 mE SN0l RNl FES oM.

O F50lM Reb A E7I= £8 #0F ZFo| ©2 723 22 BEdM EMI o Fo|g MEHEC)
Fe|MoZ ZstH weiel(Table 1-45). Reb M HI7FA| £28F £8F To|, HE2 =70| Reb AZCH &
oxozm opsy LiEtgtoLt MEECHE FUMOR UYS. Reb M HIHE MYECH RoNo=m
ofct CHSHE LEIS oL, CiBF Toj= AT RolAel XHo|E LIEHNX] 2%Us. Reb A2b M| &It
= £% 0|2 UL

O didz} gzo| cf &2 cittel AL e JHX|e= HWeZ LML, Table 1-452] Za} dHidz|
S It TS ANS 3 ¥ ofu 2} £S5kt #0F 2o| H©HR =4S IS, ol dHidE2l &
Zo ZaE 23 20] 2t Hez Hel.

O 223 8= ooty Ciof Folol 4% EDHE LIERHIOn], 2ot 45 Fo|, He =22 o
512 (Table 1-45).



O =22 Aol ASEE2 Table 1-462F 5. MdEHS HIISH FRoAM= didel &89 HIPL
CIStS ZAAA|Z|D TH8F Fo|E BI7HAZH 2L, Reb A2} Reb ME Y2 FROUAME CHSHE SMA|F]
T chot $o0|E UAA|IZHS. 0|3t E1t= Reb MECH Reb AOIA Cf 3| LIEIGS. i did 2}
2 It MY Reb AE TIISH FROIA &8 #8F 20|, G2 =242 I L2LE, Reb M
2 HItst FRolME 28t2 SIS

O =23 2= Reb A2t Reb M2 XI5t FRolA CHSHn} ciSh So| MS gafet #£0F ©H2 =72,
0 0|2 ZAAZS. 535 0|28t &= Reb AdlA S=o| LIEIGS, MES HIISH FR0lA
= #£8F #5t Fo|, H2 =248 ST S

O Figure |-14= PCAS| Z1tZ, A2t EME2 ZAE LIEHH W

O Figure 1-14B2| AZ[Etgez Hot M3} Reb M2 chocolate &=2& H7istH Z4dMoz HSt

Table |-44. F-values associated with ANOVA that shows the effect of sweetener, flavor, and

their 2—way interaction

. Factors

Altributes Sweetener Flavor Sweetener X Flavor
Soymilk odor 8.539"""V 560.006"" 1.333%
Vanilla odor? 0.5174 -9 -
Chocolate odor? 0.093%S - -
Sweetness 9.4000™" 356.588""" 23.801™"
Bitterness 817.462™"" 16.600™" 10.3277
Soymilk flavor 43617 275.497*"" 3.601*""
Vanilla flavor? 0.021N8 - -
Chocolate flavor? 0.005M¢ - -
Astringency 574.911™" 30.871" 8.482""
Sweet aftertaste 219.734™"" 59.858""" 20.960"""
Bitter aftertaste 805.133™"" 13.850""" 10.412"""

D p<0.001, ™ p<0.01, * p<0.05, ¥ p>0.05.

2 Accessed only in the samples containing vanilla flavoring.
9 Not available.

)

Y Accessed only in the samples containing chocolate flavoring.

Table [-45. Mean ratings that illustrate the effect of sweetener and flavor from the post—hoc
analysis of the ANOVA

Sweetener Flavor
Sucrose Rebaudioside Rebauﬁioside Control Vanilla Chocolate

Soymilk odor 5.7aY 5.2b 5.4b 6.9a 6.2b 3.2¢
Sweetness 8.2a 8.3a 7.8b 6.7c 7.9b 9.7a
Bitterness 3.3c 7.3a 3.7b 4.6b 5.1a 4.6b
Soymilk flavor 5.7a 5.2b 5.4b 7.8a 6.7b 4.6¢c
Astringency 3.1c 6.4a 3.9b 4.4b 4.9a 4.2¢
Sweet 4.5b 7.0a 4.5b 5.0b 4.8b 6.2a
aftertaste

Bitter aftertaste 3.1c 7.4a 4.2b 4.8b 5.2a 4.7b

UDifferent alphabet letters indicate a significant difference among the samples (Duncan’s multiple
range test, p<0.05).
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Table 1-46. Mean intensity of descriptive sensory attributes elicited from 9 sweetener samples in
soymilk system

Sucrose Rebaudioside A Rebaudioside M

Control Vanilla Chocolate  Control Vanilla Chocolate  Control Vanilla Chocolate

(SN)V (SV) (SC) (AN) (AV) AC (MN) (MV) (MC)
Soymilk 7.3a% 6.5c 3.3e 6.6bc 6.1d 3.0e 6.9ab 5.9d 3.2e
odor (0.8)? (1.0) (0.9) (1.1) (0.8) (0.7) (1.2) (1.0) (0.9)
Vani!lla 5) 7.3a ) . 7.1a ) ) 7.1a )
odor? (1.0) (0.8) (0.9)
Choceolate B _ 69a B _ 68a _ B 69a
odor? (0.9) (0.6) (1.1)

7.2e 5.0d 9.4b 6.1g 8.7¢c 10.1a 6.8f 7.0ef 9.7b
Sweetness

(0.7) (1.0) (0.7) (1.1) (0.9) (0.9) (0.7) (0.9) (0.9)

, 2.9f 3.4e 3.6e 7.4b 8.0a 6.6¢ 3.4e 4.0d 3.6e

Bitterness

(0.6) (0.7) (0.6) (0.7) (0.7) (1.0) (0.8) (1.1) (1.0)
Soymilk 7.8ab 6.3d 4.9e 7.4b 6.8c 4.3t 8.1a 7.0c 4.6ef
flavor (0.9) (1.4) (1.3) (0.9) (0.9) (1.0) (0.8) (1.0) (1.2)
Vanilli’;ll . 5.8a ) . 5.8a ) ) 5.8a )
flavor® (0.9) (0.8) (1.0)
Chocoelate B _ 78a B _ 78a _ B 78a
flavor® (0.9) (0.9) (1.0)
Astringen 2.7 3.5e 3.2e 6.4b 6.9a 6.0c 4.1d 4.4d 3.3e
cy (0.5) (0.7) (0.8) (0.9) (1.1) (0.8) (0.9) (1.2) (0.7)
Sweet 3.6 4.9ef 5.2 6.9b 6.4c 7.8a 4.6f 3.1g 5.7d
aftertaste (0.8) (0.9) (1.5) (1.2) (0.9) (0.9) (1.2) (0.7) (1.2)
Bitter 2.6g 3.2f 3.4f 7.5b 8.0a 6.8c 4.2d 4.5d 3.8e
aftertaste  (0.5) (0.6) (0.7) (1.1) (1.2) (1.2) (1.1) (1.3) (0.9)

USee table [-42 for sample abbreviation.

YDifferent alphabet letters indicate a significant difference among the samples (Duncan’s multiple
range test, p<0.05).

Standard deviation.

Accessed only in the samples containing vanilla flavoring.

Not available.

Accessed only in the samples containing chocolate flavoring.

3)
4)
5)
6)
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PCA graph of variables

Diim 2 (40.48%)

cjo

Dim 1 (54.10%)

Figure |-14. Principal component (PC) laoding of the sensory attributes
samples (B) from sweeteners in the soymilk system on dim 1 and dim

sample abbreviations)

Dim 2 (40.48%)

B)

Confidence eflipses for the mean points

Dim 1 [54.10%)

(A) and scores of the
2 (See Table 1-42 for

2.3. Rebaudioside#l Zfo|EE& X &35t 718k £/ A|AHL AH|X} 7|52 AY
2.3.1. Ayt
O ogd M
» AAMRER2 M2O0istm Z4Ztatst oA Aol AH|XE HAF 22 poolE CHAMSZ §F Mt 2RI M
S2thstw =22l HA|Z2o EIVIX 2REES FX|5to] RfgbMol Eo XA 70 (20-5000 AL
38H, OX} 32H)2 MUsSI¥S
O Alre| Fd|
s DALRAMO| ALESE AR} SSH Aoz FH|EHAS.
O "7t #Ext
» 2 A= & 23 ZSin], O & 158]= AlRo| et MEE HESHK| 21 XA5H 15| AR
of thet MEE M35t malst
= AlRo]| et MEE= Zo|Re &F % EME 2lH 2 X Atsio] AL LASNA Ma3E
» HIl= 22 7|8t ZZtA AL =& AT EQofQl Compusense ®20

(https://compusense.com/, Conpusense Inc.,

Guelph, Canada) AIO|EE o|&dl 222122 0|

FOR=

= MUHHel Vs E (1=X|F3| act, 6=FAIL HAT Lo, 11=X[53| £o}), SH/ek0| 7|52 (1=X|
35| Aot 6=FAL AXE »ch, 11=X[535| Ectc 118 &= M2 I 5tA 2.

» CISF ZE (1=0i9 2ofsich, 8=245tX|= ZSHX| = 2Ch, 15=04% Zsict), &8t 2= (1=0f< 2fst
Ct, 8=2}5tX|= ZStX| = gict, 15=04 Z3ict), &St 0| 2= (1=0§< 2Fstct, 8=2435tX| = 2
SHAI = gch, 15=0i2 Zsiche 158 &5 M2 gIIsH sts

» AMRE FARIZE FEo A2 A2 EASHH MI =S AR2 &/ 2 MAl =M= Wiliam

Latin Square Designoll 2|3l sequential monadic BH#H o2 HA| =AU
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Table 1-47. p-values indicating significance of the effect of factors in ANOVA model of

soymilk samples

p-value!

S X F X
Information S X F? S x ¥ "
0.701

Flavor

Sweetener

<0.001 0.001 0.001
<0.001

<0.001

<0.001
<0.001
0.001

<0.001
<0.001

Overall liking

0.869

0.011

Taste/Flavor

liking

0.001 0.002 0.876 0.509
0.522

0.003
<0.001

Sweetness

0.994 0.001 0.716

<0.001
<0.001

Bitterness
Sweeet

0.503 0.035

0.200

0.003

0.055
D p-value associated with ANOVA of which model included sweetener, flavor, and information

aftertaste

as main factors, and their 2-way and 3-way interactions

2§ X F, interaction between sweetener and flavor

9§ X I, interaction between sweetener and information

'S X F X I, interaction among sweetener, flavor and information
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Table |-48. Mean liking and perceived intensity ratings of flavored soymilk

Sweetener
Flavor Sucrose Rebaudioside A Rebaudioside M
Control 10.3a" 8.1bc 10.4a
ontro
(3.2)% (3.6) (3.2)
o ) 8.8b 5.9d 8.2bc
Overall liking Vanilla
(3.6) (3.5) (3.4)
8.6b 7.5¢ 8.4b
Chocolate
(3.7) (3.8) (4.0)
10.0a 8.0b 9.7a
Control
(3.2) (3.5) (3.1)
Taste/Fl liki Vanill 8.3b 6.2¢ 7.8b
aste/Flavor likin anilla
8 (3.5) (3.9) (3.3)
8.6b 7.8b 8.2b
Chocolate
(3.9) (3.9) (4.2)
9.8bc 8.7ef 9.2de
Control
(2.5) (2.9) (2.6)
) 9.4cd 8.4f 9.4cd
Sweetness Vanilla
(2.7) (3.2) (2.7)
10.5a 10.4ab 10.5a
Chocolate
(2.4) (2.7) (2.3)
3.6e 7.4b 4.3de
Control
(3.0) (4.2) (3.0)
. . 4.8cd 9.3a 5.3c
Bitterness Vanilla
(3.5) (4.4) (3.6)
4.2de 6.9b 4.9cd
Chocolate
(3.3) (4.1) (3.6)

U Different alphabet letters indicate a significant difference among the samples (Duncan’s
multiple range test, p<0.05).

2 Standard deviation.
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Figure |1-15. The two—-way interaction effect of sweetener and flavor on (A) overall liking, (B) taste

and flavor liking, (C) sweetness, and (D) bitterness.
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O Hdo|Re| E7E 2 ZE XMB5IFS m SUst Zo|ZE AI2SH T AMRES HlustH o2 &
F HEV M= S mf MekMel J|s et SH/En| J|SETF STt s. AR ost 7| gkal
2l= MEIHEC} Reb A2t Reb MollAl AA| LIEIGS (Figure 1-16).

Figure 1-16. The effect of sweetener, information and their Interaction on (A) overall liking, and (B)
taste and flavor liking

O Holre| EFE 282 Mot W & #It7t HolzE 2
=

=1
of 2 & M5k £AUS melt H2tE (Table 1-49). BEE HSsHA| 2US W=
Reb M2| EtSt =07} Reb A & A2 7o|H Xj0[E HEMNX| AL, 2 MSA| HiL2t g9
H7t= Reb M2| TSt 0[S Reb AZECH R2(Hoz JIHAZS.

Table 1-49. Mean ratings that illustrate the 3—-way interaction effect of sweetener, flavor, and
information from the post—hoc analysis of the ANOVA

Blind Informed
Flavor Sucrose Rebaugioside Rebauﬁioside Sucrose RebawAjioside Rebauﬁioside
8.6defe 778 8.2¢fg 8.7cdef 8.7defg 8.7defg
Control
(3.0 (2.7) (3.3) (2.9) (3.3) (2.5)
Sweet . 8.3efg 8.1lefg 8.0fg 8.7defg 7.91g 9.5abcd
aftertaste Vanilla (2.5) (3.5) (3.4) (3.0) (3.4) (2.4)
9.1bcde 9.3abcd 9.7abc 10.0ab 9.7abc 10.3a
Chocolate
(2.6) (2.6) (2.7) (2.5) (2.7) (2.4)

U Different alphabet letters indicate a significant difference among the samples (Duncan’s multiple
range test, p<0.05).

2 Standard deviation.
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1.3%
1.0%
1.3%
1.0%
1.3%
1.0%

Concentration
Flavor

Sweetener
7.0000%
0.0420%
0.0203%

Flavor
None
Vanilla
Chocolate
None
Vanilla
Chocolate
None
Vanilla
Chocolate

Sweetener
Sugar
Reb A
Reb M

Abbreviation
SN
SV
SC
AN
AV
AC
MN
MV
MC

Table 1-50. The information of sample concentration used in descriptive analysis
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Table 1-51. Definitions of sensory attributes of 9 samples in milk system
Attributes Definition Reference materials
. . . . Easily Digested Milk (Maeil Co.
Milk odor Smell associated with milk
LTD. Seoul. Korea)
. . . 7% (w/v) white table sugar (CJ]
Vanilla Smell associated with Cheil]edan(g 5:0) Ltd, Seoul, K(orea)
; and 1.5% (w/v) vanilla flavor (ES
Aroma odor vanilla Food. Seoul. Korea) in milk
7% (w/v) white table sugar (C]
Chocolate Smell associated with CheilJedang Co., Ltd, Seoul, Korea)
and 1.5% (w/v) chocolate flavor
odor chocolate (Serim Food, Gyeonggi-do, Korea)
in milk.
5% (w/v) white table sugar (C]
Fundamental taste )
. ; CheilJedang Co., Ltd, Seoul, Korea)
Sweetness sSeI%satlcc;If of which sucrose 7% . 10% white table sugar in
1s typt milk.
Taste 7% (w/v) white table sugar (C]
Fundamental taste CheilJedang Co., Ltd, Seoul, Korea)
Bitterness sensation of which caffeine and 0.03% (w/v) caffein
and quinine is typical (Sigma-Aldrich, St. Lous, MO, USA)
in milk.
Milk The flavor associated with Easily Digested Milk (Maeil Co.
milk LTD. Seoul. Korea)
7% (w/v) white table sugar (C]
Vanilla The flavor associated with CheilJedang Co., Ltd, Seoul, Korea)
vanilla and 1.5% (w/v) vanilla flavor (ES
Food. Seoul, Korea) in milk
Flavor 7% (w/v) white table sugar (CJ |
. . CheilJedang Co., Ltd, Seoul, Korea
Chocolate gf}lloecgﬁxgr associated with and 1.5% (w/v) chocolate flavor
(Serim Food, Gyeonggi-do, Korea)
in milk.
Menthol The flavor associated with 0.002% (w/v) menthol flavor (ES
menthol Food.(S?o)ul. Korea) in(mﬂk
. 0.1% (w/v) aspartame (The
Sweet taste perceived 5 .
Aftertaste Sweet seconds after expectorate rr;}illtl?sweet Co. Augusta, USA) in
Bitter Bitter taste perceived 5 0.03% (w/v) caffein (Sigma-Aldrich,

seconds after expectorate

St. Lous. MO, USA) in milk.
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Table |-52. F-values associated with ANOVA that shows the effect of sweetener, flavor, and

their 2—way interaction

Sweetener X Flavor

Factors
Flavor
767.803™""

Sweetener

Attributes

0.857N°

0.780NSY

Milk odor

0.111N8
0.329N
285.138"*

Vanilla odor?

Chocolate odor?

Sweetness

2.254"°
3.561""

118.363™

21.550™"

1053.856™""

Bitterness

1.456NS 539.759°* 0.857N
0.161NS

0.593Ns
884.040"

Milk flavor

Vanilla flavor?

Chocolate flavor?
Menthol flavor

20.969™"

6.282"
30.443™"

2.362N
5.696™

703.643"""

Sweet aftertaste
Bitter aftertaste

24.717"

1278.919™"

D p<0.001, ™ p<0.01, * p<0.05, ¥ p>0.05.

2 Accessed only in the samples containing vanilla flavoring.

9 Not available.

Y Accessed only in the samples containing chocolate flavoring.
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Table 1-53. Mean ratings that illustrate the effect of sweetener and flavor from the post—hoc
analysis of the ANOVA

Sweetener Flavor
Sucrose Rebaugioside Rebauﬁioside Control Vanilla Chocolate

Milk odor 4.6 4.7 4.5 6.7a 4.4b 2.7¢c
Sweetness 7.7aY 5.9¢ 6.9b 6.6b 6.5¢ 7.5a
Bitterness 2.6¢ 6.3a 2.9b 3.6¢ 4.2a 4.0b
Milk flavor 5.1 4.9 5.1 7.3a 4.5b 3.3¢c
Menthol flavor 3.1c 6.5a 3.5b 4.3b 4.5a 4.3b
Sweet 3.4c 7.7a 3.7b 4.5¢ 4.9b 5.5a
aftertaste

Bitter aftertaste 2.8c 7.6a 3.4b 4.3c 5.0a 4.6b

UDifferent alphabet letters indicate a significant difference among the samples (Duncan’s multiple
range test, p<0.05).
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Table 1-54. Mean intensity of descriptive sensory attributes elicited from 9 sweetener samples in

milk system
Sucrose Rebaudioside A Rebaudioside M
Control Vanilla Chocolate Control Vanilla Chocolate Control Vanilla Chocolate
(SN)Y (SV) (SC) (AN) (AV) AC (MN) (MV) (MC)
Milk od 6.8a% 4.3b 2.7c 6.7a 4.6b 2.7c 6.6a 4.4b 2.6¢
1 odor
(1.2)? (0.9) (0.5) (0.9) (1.0) (0.6) (0.7) (1.0 (0.6)
Vani%a 5 6.6a B B 6.5a B B 6.5a B
odor (1.2) (1.3) (1.1)
Choceolate . ) 7.7a . ) 7.8a ) ) 7.8a
odor® (1.2) (1.0) (1.0)
s ; 7.5b 7.2¢ 8.5a 5.7e 5.7e 6.5d 6.6d 6.6d 7.6b
weelness
(0.5) (0.4) (0.8) (0.5) (0.5) (0.4) (0.6) (0.5) 0.7)
Bitt 2.1e 2.8d 2.9d 6.6a 6.1b 6.2b 2.7d 3.3¢ 2.8d
1rterness
(0.5) (0.6) 0.7) (0.9) (0.9) (1.0) (0.5) (0.6) 0.7)
Milk 7.6a 4.6c 3.1d 7.0b 4.4c 3.4d 7.2ab  4.6c 3.4d
flavor (1.2) (1.1) (0.5) (1.0) (1.2) (0.8) (1.0) (0.9) (1.0)
Vanillg ) 6.4a ) ) 6.4a ) ) 6.3a )
flavor? (1.3) (1.2) (1.2)
Chocc>61ate . ) 6.9a . ) 7.0a ) . 6.8a
flavor® (1.1) (1.1) (1.1)
Menthol 2.4f 3.5e 3.3e 6.5b 6.9a 6.2c 3.9d 3.2¢ 3.3e
flavor (0.5) (0.6) (0.7) (0.5) (0.6) (0.6) (0.7) 0.7) (0.8)
Sweet 2.7e 3.5d 4.2¢ 7.4b 7.5b 8.1a 3.4d 3.6d 4.1c
aftertaste (0.6) (0.6) 0.7) (0.9) (1.1) (1.0) (0.6) (0.8) (1.0)
Bitter 2.3e 3.1d 3.1d 7.5b 8.0a 7.2b 3.1d 3.8¢ 3.4d
aftertaste (0.5) (0.6) 0.7 (0.6) (0.7) (0.6) 0.7 (0.8) (0.8)

USee table I-50 for sample abbreviation.

IDifferent alphabet letters indicate a significant difference among the samples (Duncan’s multiple
range test, p<0.05).

Standard deviation.

Accessed only in the samples containing vanilla flavoring.

Not available.

Accessed only in the samples containing chocolate flavoring.

3)
4)
5)
6)

_65_



Al

Dim 2 (31.27%)

B)
PCA graph of variables Confidence ellipses for the mean points
SRED 2 z

| .‘-'_3_ SN

| % £ J

[ E

| _ 8

| LY

| \
! |
f I
|
................................. e g e . A e e (02
| TT—— =
1 sV
-_I'. - i

Y, o
BAC 1 ok
| .y '\. '\'I
Dim 1 (65.40%] ) Dim 1 (65.40%)

Figure 1-17. Principal component (PC) laoding of the sensory attributes (A) and scores of the

sam
sam

2.5.

ples (B) from sweeteners in the soymilk system on dim 1 and dim 2 (See Table |1-50 for
ple abbreviations)

o

7t

@

Rebaudioside Zo|2E8 M & 55 MAHEHSL AH[X 7|5 AYH

tst A7ao| &H|At HAF 27 poolE M2 oF Mot ZEI A
A 2E 22 SXIsto] AgA el &of X[ At 708 (20-500H =AL 34

O AMzel &

BAREAMO ALEE ARt Set Aoz FH[EAJAS (Table 1-50).

O g7t A&t

M

= dAtE & 23] TS, O F 13 AlRol gt YEE MSsHA| 2 TSt 15= A=

of et HEE M35ty zllgt.

—_ o
Al=of Ofist ME= Zolge 57 % SM2 2H=Z HM=Etsto] HAF QASAH HMSE.
Hol= 2elrEs 7|8t ZZ- A A =l AT EZ o]l Compusense ®20
(https://compusense.com/, Conpusense Inc., Guelph, Canada) AlO|EE o| &3 =22fele=z 0|
FOHAF
MutMol 7|a & (1=X|23| 4t 6=ZX| T HXET 2ct, 11=X|=25| £c}), 8t/&o| 7|5 (1=X]
=35| 4ot 6=EX T HXE 2ot 11=X=35| ZEct= 11 &= HETZ HIlsHH 519 3.
CHoF 2= (1=0f% <tsich, 8=2F5IX|E USRI ot 15=0f<

S =
SHX = fiot, 16=0f< ZH3lch= 167 &5 T2 gItshi sti3.

N2 72912 F&e 342 A2 ZAISHH Ms=Es AlRel &F # HAl =M= Wiliam

o
Latin Square Designoll 2|3 sequential monadic &HH o2 HA|ZAS.
Zo|29 “’;‘IE olslff el = Qe HAAe] BHE | A45tsHY| 215104 AR E AMF|X] 4 W

—l——| "
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https://compusense.com/

- UAIH 2o 249 H4E HABYS. 245 HedolM 46+2C2 RABYL, Hes AL
(2:20)e] B4 2wl Sof HASHS. UNHE S0l 72 U B WHE Hoswe
ol 242 eIt Fo| ¥E AIMES TS MYHUS

- BHUel AIRE HUbEH F ChS AIR 4o BIF ® 2270l FAID B MAIE ArtME 249
M4E BE23 22 UIPES B

- HALE AlZO| OB BHS H28517| 95| MAMEHS AT A

O 84 &4
» EAMEAM(Analysis of variance; ANOVA)
-4 ANzt 7|z 2 EM Zx Aolo ChEt HlolEel H#7 H EFHAE ?3@%.
- AFFAX 22 Duncan’s multiple range test2t Tukey’s multiple comparison test& AA|SIA .
- R2E EAM9 feold EE J[E2 p<0.052 MYSI¥S.

O Table I-552 &7t Edoll #o/Mel &2 0|El Q=8 LIELAS. Aol dBE ZE 54
of 7o/d Pek2 o|Ren, o|F2 2x H42xE2 bzt Sl 20lE Melgh 2E Edo 7oA
g2 oIS, FEc L0 St 2ol E Melet 2E Edol RolM Jd&sS oS, gt HEO
oo AES2 MEHMe Tz & Si/En] J|2 kot weolX Jdeg o|HS. dolR, &, &9 3%
d2AE2 SeEn| JlsEogt 7o|Mel deES n|HS. HolRel YES 42AE2 ZE 54
oM FeolMel detg LtEHfX| Blot Table 1-550= ZEA|SHA REUF.

O Sdgt ¢2E HIIgh ?/7/2] vlusi¥e if dolz 7F ™eksel J7|sxzef St/&n| 7|SEE Reb
AFR7t 7eldez 2 HEtAL 22 ZdeE HEAS(Table 1-56).

O St Holgs H®otet 2R7I2] v|usiS of &7 2+ Mukxiel J|szet SHEn| 7|32 78
ol 7t =US. 2E HolR0M =23 &= HIIet Al27F detdel 7|37 7Y Y3,

Table 1-55. p-values indicating significance of the effect of factors in ANOVA model of
milk samples

p-value?

S X F X
Sweetener Flavor Info S x F? F x P o
Overall liking <0.001 <0.001 <0.001 0.001 0.013 0.185
Eﬁfgz/ Flavor <0.001 <0.001 <0.001 0.001 0.024 0.047
Sweetness <0.001 0.001 0.032 0.194 0.281 0.954
Bitterness <0.001 <0.001 0.670 <0.001 0.069 0.822
Sweeet <0.001 0.001 0.935 0.071 0.090 0.647
aftertaste

U p-value associated with ANOVA of which model included sweetener, flavor, and information
as main factors, and their 2-way and 3-way interactions

2§ x F, interaction between sweetener and flavor

9 F x I, interacion between flavor and information

Y § X F X I, interaction between sweetener, flavor and information

_67_



Table |-56. Mean liking and perceived intensity ratings of flavored milk

Sweetener
Flavor Sucrose Rebaudioside A Rebaudioside M
Control 10.6a" 8.7cd 10.4a
ontro
(3.4)% (0.7) (3.1)
o ) 10.0ab 7.3e 9.5bc
Overall liking Vanilla
(3.6) (4.1) (3.4)
8.6d 7.7e 8.2de
Chocolate
(3.9) (4.1) (3.6)
10.4a 8.4bc 10.1a
Control
(3.3) (3.5) (3.4)
Taste/Fl ki Vanill 10.0a 7.0e 8.8b
aste/Flavor likin anilla
8 (3.7) (4.1) (3.8)
8.0bcd 7.2de 7.8cde
Chocolate
(4.3) (4.0) (3.8)
Control 9.4c 8.8de 8.1f
ontro
(2.9) (2.8) (2.8)
) 10.2ab 8.7def 8.4ef
Sweet aftertaste Vanilla
(2.8) (3.1) (3.1)
10.3a 9.6bc 9.1cd
Chocolate
(2.9) (2.9) (2.9)

U Different alphabet letters indicate a significant difference among the samples (Duncan’s
multiple range test, p<0.05).

Y Standard deviation.

O &5x8s 2ot F30| Al2takstr| flah Figure 1-182F 20| LIERHSAZ,

Al B)

Q

Figure 1-18. The two-way interaction effect of sweetener and flavor on (A) overall liking, (B) taste
and flavor liking, and (C) sweet aftertaste
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4 2 St Ao E AMSe F7 AlRESS vlUstH Holg &
7 YR MIEAS W MEHel J|sEet S/en| 7|22t SItEIRE. "R ot 7|2 gy
git= AYECH stdetet =23 &2 HIIEE M RolM A LEHS (Figure 1-19)

A) B)

Figure 1-19. The effect of flavor, information and their Interaction on (A) overall liking, and (B)
taste and flavor liking

O #o|ze] ZFE B2 ZE MIst¥S o & I dol2E 2elst 272 SH/&0| 7S50 ofx]
= Yggko| MEE ISR LUS et Setr (Table 1-57). MEE MI5HA 2Lt e =2
S HMIRE W Melstl Reb Al SBH/E0| J|SEVF RelMez JtE IS, Hidz2l g
£ M2 M= Reb A2t ,Reb M2Q| SBH/&nD| 7|57t RelMg EIte. =33 TR HIF Al
AMEto| Of/gkn| 7| £Vt RelMoz Zutg.

Table 1-57. Mean ratings that illustrate the 3-way interaction effect of sweetener, flavor, and
information from the post—hoc analysis of the ANOVA

Blind Inform
Flavor Sucrose  Rebaudioside  Rebaudioside g, Rebaudioside  Rebaudioside
10.3ab? 8.1lefgh 9.8abc 10.6a 8.7cdef 10.4ab
Control
(3.4)? (3.6) (3.7) (3.3) (3.5) (3.0)
Taste/ 9.5abcd 6.1i 7.9efgh 10.5a 7.8efgh 9.7abc
Flavor Vanilla
liking (3.9) (4.2) (4.0) (3.4) (3.9) (3.4)
6.9hi 6.9hi 7.2ghi 9.1bcde 7.5fgh 8.4defg
Chocolate
(4.3) (4.0) (3.9) (3.9) (4.1) (3.7)
U Different alphabet letters indicate a significant difference among the samples (Duncan’s multiple
range test, p<0.05).

Y Standard deviation.
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3. FREH

3.1. =72teol "ILEl rebaudioside A ML Zo|Ze| ACiEE AYH
O 2 Al"o|M= 2-alternative forced choice method (2-AFC) & 0|23l 10% 2| ME =& &
¢ FRrelH e S9E Mg EE EHESINS.

O @At
- MSOED 2B Aol 26X HAl 28 poolg HACZ F M3 REI AM2Uistm 2

— —

2tel AlA Zoll &I 2/ Z2S S50 AvgA el Fho{ X|[AF 20~500) 72H (HAL 27H, 04Xt

» 5 63F2 AIRE HIto| ALE&H(Table 1-58).

» U BFe 1nZ0|=E; Rebaudioside A (Reb A), Rebaudioside M (Reb M), Rebaudioside D
(Reb D), sucralose2t & ZF2| bulk ZO|Z; Erythritol, Maltitol7} AMZE .

» FREE 22 AAHES Ul AEE. FREEs A22 FIMY &R/, T,
ALEsto] M=% (Table 1-59).

» MEF2 control AlREZE AI2E.

#ojm =&

iz
mjo

Table [-58. Sample information

abgfésgteion Sample Manufacturer Purity(%)
Reb A Rebaudioside A CJ] Cheiljedang, Seoul, Korea 97.3
Reb M Rebaudioside M CJ] Cheiljedang, Seoul, Korea 95.64
Reb D Rebaudioside D CJ] Cheiljedang, Seoul, Korea 96.5

Sucralose Sucralose TATE&LYLE, L&? don, England, 95

Bthriol i form) o LD, Shandon, Chima 9993
atiol g, ML Roquetie China Cou LT ang
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Table [-59. Beverage system information

Material Product Manufacturer
Soymilk Maeil soymilk 99.9 Maceil Co. LTD, Seoul, Korea
Black coffee powder Kanu mild roast americano Dongsuh Foods Co, Incheon, Korea
O Alzel Fd|
» DE ZO[E A|ZEES SEE oHAdYHE Soll Yot 55+FE2Z M =Z5t0] 24 A|ZOMCH 10%2] A
g 55

gt FwretH et vl g (Table 1-60).
EE HM=slE SR XMW EY[(MS300HS, Misung Sciecntific Co.,
Ltd., Yangju, Korea)Z2 1100rpmolA 1022t WHEtst0{ 2bM 5| ZsHA|74 M =%
» FRZEE L8 FotE Frol S}AID 2L 10g2 dF 0.5L0 SaHAIZ] 2% AL dHS H
7tst0d XM mBE[2 1100rpmollAl 522 metstod ®M=gh (F/EHE 1.5L7]F)
7

- BE ARE Y FZE0] WoE YT FAR A2(22+27C)0f 2 2HEt
- AZE Al K2l d5E EIIS 84 258 Z2AE Hol 10mLY 2250l A2o2 HAIR

Table |-60. The range of concentrations for sweetener samples used in the 2-AFC test

Sample Concentration

Reb A 0.08%, 0.105%, 0.13%, 0.155%, 0.18%
Reb M 0.065%, 0.075%, 0.085%, 0.095%, 0.105%
Reb D 0.085%, 0.95%, 0.105%, 0.115%, 0.125%
Sucralose 0.01%, 0.015%, 0.02%, 0.025%, 0.03%
Erythritol 14%, 15%, 16%, 17%, 18%
Maltitol 12%, 13.5%, 15%, 16.5%, 18%

O gt A&t

= 1 sessions F FFL ZO|E AR 5%S HItE
» Session & Ma3=H= AlR2e F 2 5% MAl =M= William Latin Square Designoll 2|5 Z%

E|O-IO_

= 10% AY sSEZE HES SFRMHEHR HolR AR 1¥d WolMel AR "Il =

1O =

x
rir

counter-balanced, randomized =} S.

» AL Q89| TZ2E Y| 2|5t 13| 4B /el AlRE HIISIESE olRlen], 72He AAL 2
4572 Al=of Y wiHSIFS. AMEREY 35-36He| AAL 20| HIISIYS.(Reb A;35H, Reb
M;36%, Reb D;36W, Sucralose;35%, Erythritol;35%, Maltitol;35H

» HAIE AR MHE 5 S Hal MAIE Et Zo| #2 = 5% I¢te Bt L] & 10x

St AKX SAHel tStE gotet

o
o

_7’|_



» 5 L FFEOZE MzE ARE 24U 10% MY s M85t FRetE e v|wsto] HBto| o
St AlRE MEISIES

» Zojze| MF 2 Qe wME = U= ATMe EXME zastslY| I5t0] A|lRE AFIX 21
=5 st 5.

= QUMM B2 252 HFE MHASIFE. 25 E22YolA 4612CTER FX[sIUL, s
(22£27C)el W& =Holl ot MAISIAZ. oH|d S S5t 724 W 2 dezk% ESEnkel}
el 22 A Fol M2 AIVIAS FIEE MEEAS.

» SF Ao A|RE "HIUISH T CS AR Aol "It M MAIE AIME 2ot M2 FZE9
A= gt

» 3t 5F9| 1 session(Z0|E 54)S IS Folle 5272 A2 5l HAF Al T 2SS A4S
£

» Al M2tiEtw AlZGekstnt ZZAAAOM JHEE o2 AA|E

O &zt 24

» AERE 10% dE S5

=

= — —
response (C-R curve)& T35t

7+

(=] [=)

HAl( % response = a X concentration(%) + b )& +5
SEFEOI 50% me| ol s=& T
A EHE =10% A s M3 FReE (10%) / 8E2HE 50%Y mie #olg2 5%
3.1.2. A Z1f

O zt Zo|=22| C-R curve(Figure 1-20)0lAl Fsi &l A SHE== Table 1-612f
O zt AlRe| 3 HAlo et R2ZH2 0.92-0.982, 3| Ao ZntZrol| Z X gt=
O oz|AZ|En HEIES HEE 2loM E0= dHiel FAISH 42 LIENY.

Table |-61. Relative sweetness of 6 sweeteners calculated from dose-response curves

FReld 2t o 2ot gotst 8§ =& MO concentration -
k=

Relative Sweetness

Samples Determined . .
) ] Regression equation R2
in this study
Reb A 67 y = 3.3143x + 0.0034 0.9262
Reb M 119 y = 14.167x - 0.6875 0.952
Reb D 87 y = 11.389x - 0.8125 0.9508
Sucralose 410 y = 38.286x - 0.4343 0.9818
Erythritol 0.65 y = 0.1371x - 1.6171 0.9412
Maltitol 0.69 y = 0.1181x - 1.2114 0.9678
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Figure 1-20.

O dAr=¥
= Me2diEm Z2tast o
2tel AA 2ol EIIR 2REE
424)g ket
O A=
- 5550 M
Reb—A2} maltitolZ 5:5 |82 =&et

[s13
= -

chel o) E:

Ratio of Response

Ratio of Response
o

Ratio of Response

Reb-D,

g= 28 S

Reb M

L
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L
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= 2-AFCE &dll &2 E 10% M8 sEJt M 3= FRelH et sdst do|lE8 = s 8 o8¢
Reb—A2} erythritol == maltitole] 5:5 =2 A% A8 10% AT st s=5 7+
Xl Reb-A AR} ME 10% AMUHEO HEHSI= sEE 7HE erythritol £ maltitol A|l2E 2
2t 5:59| H|E=2 Z¢&stod M =&t (Table 1-62).
» EREEH SE AIAEES I AIEE. FREEeE M2 RO F57, ¥, 28I 2US
A5t M =&t (Table 1-59).
Table |-62. The information of sample concentration used in consumer test
Abbreviation Sample Concentration
S Sucrose 10.0000%
RebA Rebaudioside A 0.149%
RebM Rebaudioside M 0.084%
RebD Rebaudioside D 0.114%
Sucral Sucralose 0.0243%
Rebaudioside A 1:1 mixture of
RebAM ebaudioside 0.149% Reb A solution and
+ Maltitol ) ]
6.9% maltitol solution
Rebaudioside A 1:1 mixture of
RebAE ebaudioside 0.149% Reb A solution and
+ Erythritol ] )
6.5% erythritol solution
O AM&re| &H|
» ARE 2o ZOIREE M=sHs FSEHEo XM mek?[(MS300HS, Misung Sciecntific Co.,
Ltd., Yangju, Korea)2 1100rpmollAM 10E27ZF wEtsto] M35 26 Al7 M =gt
» FREE AHzx= 2 2 gHE2 2-AFC Aen gt
» A= "I 1A A M A2 2 27| EM s F2fAE AHof 40mL¥ ~Este] Al
o2 HAlg
O "ot Ext
» HIRIEES TAMCOE AMNEE UED HILE Stn, § 771X ARE "HotE
» 2 AME2 £ 2 Sessionez TME.
= Session 10AM A5 ZOIXt= 2 A|Zof CHEr MEHA J|SEE 1A SsdMEZ Hotst, £2
H ded 2 AREA 7IsE
» O|F ZEOX= ZF ARE MFFE M ZARIE ZE A 8of(fleto] ==, HESH AYEE=,
Hotsh HI2, MCl2) 58 Mol E= )2 XA Y So(zlEd™el, HAs ngd
A, MEE = e, SEHE Fe, H2, U0 SRS 5)E MHE
» Y EN, AXH IES0 HII olF AlROAM LIAXI= HZEM SO{(THSE, #8H EHEF Fof
#£0F 0| S=RE0|, HIEo|, 42 &0, stst =4, g™l so|, HEE)E sl o A
O ot} ZsHA =HX=X 168 S=HIZ('OC=HXIX| Ze=Ct, 1’02 2fsict, ‘3'eksiX| . &
SIX| £ g, ‘5ol Hsichz dEE Hoteh
 Z4ZE Z20], ZH 20 Y AXH JHBOol= ofH|AEHES S5l A|RZH0| XtO|E MUE = U= T
oZ2 FHIMS. ZHE0 = The EsSense profileZt PANAS 20{5 &8t 2|AEofA, XA 4
20{= Thomson(2010) =&2| conceptual lexiconQ Z2FE &L S.
= Session 20|AM ol EAtME HE 3 AE MF HIE 2H MES FEe
= Session 10lA M3 E = AlR= William Latin Square Designoll tt2} sequential monadic 2 S

2 HMA|gh
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O O0Oo0O0O0O00O ©

OO

= ZOlRel Y= Qo 2l = JAs AdZee 2ZME F2=t5H7| A5t A|RE &FIX] 20
T5 SIUS.

= QUH =22 252 H7E MHASIRE. 27c E2YolM 46+2CE RXSIUL, Hac A2
(22+27C)e| £ =Ho| Hol MAISIAZ. oH|dE S S5t 724 Wl 2= HEE zasEs
ol 22 A7 Fol Y2 U2 StEE HdEEHUS.

= StLto| A[RE "otet 3 ok AIRE "UIS| ® MAIE A7IE 2524 2 25 2
dF=s T

= dAls MEtistn M ZFI st 4G AN JHEAoz AAR

- 4 ANRe 7Skt ZZH EMo| it HiolEe H7 ¥ EFHAE FoIUS.

- 2oz Az, mjdo|l =EZEtEden], AFEAMSZ= Duncan's multiple range test test
(p<0.05)& =&

-ANOVAR} ALZEA ZABl= SPSS (ver 26.0, IBM inc., Armonk, NY, USA)E 0|&3t0] EA{&t

» FMHE EAM(Principal component analysis; PCA)

- 2t AlZet ZZ2tA EAM7ie| CHHE MEAE otEY| s 2 SMo #H4S 0l8s5td T4
& &4 (principal components analysis, PCA)S AA| &

- R SHAZES0(ver 4.2.0, R foundation for Statistical Computing, Vienna, Austria) 7|gte]

FactoMineR package& 0|&5}01 245,

» f3E4(Correspondence Analysis; CA)

- 2t AlEet 24 E0/20XA T S0{7te| AmtEAE AlZtEt sHY| fls HEY HeE sHitet
a2 0|33l ti S22 (Correspondence Analysis, CA)= AlAIEH

- R SHAZES0(ver 4.2.0, R foundation for Statistical Computing, Vienna, Austria) 7|gte]

FactoMineR package& 0|&5}01 245,

2.2, 48 &1
Zt dolRolM =&& ol §4 « MEH2l 7|28 et Zot= Table I-630 €3
Figure I-21= PCA2| A2, A[R2} EME29| &AE HERZ.
PCA Z1tel dim 1, dim 2= 22t M HES2| 46.32%, 29.83% 5 MU (Figure 1-21).
Dim 12| ko Weto=z 5 ¢80 20|, AHu| go|, stgt =4, A3H =Zo| =4 F3shE.
Dim 22| 29| Wetoz2= 30|, HE S, FR0I7L, 3o Yge2s oftio] =4 Ft=EAS
CiOF 20|, £5, 25 3], ASH =45 AR et 7|2k e Sof A E HE
Dim 12| <ko| gtekoll F7| F5tEl Reb A MBI H[WSto] TS0 Fo|M oz ofRUX|TH CiSh &
of, 58, &8 =o|, Axggo|, st =4, ASH =Zo| welMez LR Z(Table 1-63, Figure

Dim 22| o gtgkof| =7 FstE Reb MIt Reb D= CHE ARt FR/E0|, 307l el
2 Xfo|ux] prtend, MEn I3 HRALL dHlWstol HERO woXe=z LI S(Table 1-63,
Figure 1-21).

Reb Aol ZE|E =& olz2|azlE Al Reb At H|WSHH 7S EIF RelM o2 S5t S(Table
|-63).

Reb Aol LEISS Zest AlZE MBI 7|SzolM Rel&l xto|7t 8l S(Table 1-63).
Reb Aol ZE|E L= oz2|A2|E =2Al Reb A2F H|Wstod tHEHo| RelX o=z FI7t5tA S (Table

1-63).
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O Reb Aol ZE|E == o2|A2lE ZTAl Reb At H|WSt0{ #£8tn} 0+ $0|7f Re|Mo2 ZiAs)
¥ S(Table 1-63).

O Reb Aol ZLHEIE =& o2[A2|E2 85t A2 Reb A2l ttot FolE |F2oX Xjo|7} 2o|X| &
of, HEIEn ofz|Az|Ente] =&0| Reb Al T8t Zo| Zio| PSS FX| 2e H2ZR LIEH

(Table 1-63).
O Reb Aol ZHEIEE =sIlg 42 st =4
O Reb Aol ZE|E

2| & (Figure 1-21).

O Reb Aol ZE|E == ozlAZES =Z&st AIZ2t Reb Al AHAI&o|= {elH Xto|7F IS

(Table 1-63).

M 20| A (Table 1-63).
o

| dim1, dim2 2tolM H2|Z7F o Ziot

—

O ZEXS=Z Reb Aol LEIE £ o2l2a2lES EE6IFS 9 oSt 371 ¢ #8FH #£8F Fo(7}
ZiAsh gh | ciok Sojofl & ¥ES 0|X|X| %Z

O M1 Reb A Atole] ZXM 54 xto|2ct MED Reb Aol LE[E E= oz2la2lES =&et Al
Zete| AN EM X0t H M2 AE & = AS.(Table 1-63, Figure 1-21).

O 7155 ZHAL 23 RebAMSt Sucral® HES HItst FRelH et Metd J|S 2o ®eld xto|7t &
0f, Reb A%t ZE[E2 111EZE2 MEYS HAE = JUSS LIEIAAS. 8HH, Reb A2l ol2lA2|E
of 111EZ¢2 MEHC J|EE7F Hten], ol MEHCH #5H £ Fo| HE so| 23X ol
50| FelMoz ZstA "WItE*U7| 2 (Table 1-63).

Table |-63. Mean intensities of overall liking and sensory attributes elicited by sucrose and 6

sweeten

Sample! S RebA RebM RebD  Sucral RebAM  RebAE
Likin 7.472 5.2¢ 6.2 6.1 7.1° 7.2° 6.1

& 2.2)° 2.7) (2.0) (2.2) (2.2) 2.3) (2.3)

Sweet 10.9% 9.6 9.2¢ 8.7¢ 10.2% 11.7° 11.2%
weetness (3.2) (3.9) (3.9) (3.5) (3.4) (3.0) (3.3)
Sweetness 8.2¢ 9.4 9.4%%¢ 9.5% 8.4 10.2° 9.2
_aftertaste (3.3) (4.2) (3.7) (3.8) (4.0) (3.3) (3.8)
Bittern 4.9 10.1° 5.4 6.3 6.1° 5.8% 6.1
terness (3.5) (4.1) (5.6) (6.4) (3.9) (3.8) (3.9)

. 5.1¢ 9.5% 6.2 6.2% 6.1% 5.6% 6.5°
Bitterness_aftertaste (4.1) (4.9) (4.4) (4.2) (4.4) (3.7) (4.3)
Coffee ﬂavor 9_62)(1 10_9(1 9_8(12)(1 10.0{1)}(1 92(* 10.5(1)} 10_0abc

- (3.5) (3.6) (3.9) (3.6) (4.0) (3.8) (4.0)

_ 7.0 6.5 7.6 7.3 7.2 6.8 7.1
Soymilk_flavor (4.1) (4.5) (4.4) (4.5) (4.1) (4.3) (4.2)
5.0 5.6 6.4 6.0 5.7 5.2 5.2

Rawbean._flavor (3.9) (4.9) (4.9) (4.6) (4.3) (3.9) (4.1)
4_0(1 6.3(1 4.4(1(1 4_7(1(1 5.2bc 4_5(3(1 6 1ab

Menthol_flavor (4.2) (4.8) (4.2) (4.2) (4.6) (4.1) (4.4)
Artificial flavor 5.7¢ 10.9¢ 8.7 9.2° 8.7 8.6° 9.6%
thcial_tiavo (4.2) (4.8) (4.5) (4.2) (4.2) (4.7) (4.2)
6.8(1 7_3!}(}(1 86(1 8_502) 7_1(3(1 8.Oabc 7_6abcd

Chalky (4.0) (3.8) (4.3) (4.3) (4.1) (4.1) (49

See Table I-62 for sample abbreviations
’Different alphabet letters indicate a significant difference among the samples (p<0.05).
Standard deviation

S
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Figure 1-21. Principal component loading scores of the samples (A) and sensory attributes (B)

from 7 sweeteners on Dim 1 and Dim 2.

O Figure 1-22&= CAQ| 2=z, Zt A2t Z4d SM7to| AZIUAE ofst ZAutel

O CA Z2te| dim 1, dim 2= 22t M| HE52| 64.64%, 17.65%= AHE (Figure 1-22).

O Dim 12| ke Hsko| =7 5= Reb As MARACQ, ‘57t Lz, ‘of2lsk, ‘A==, "MESA
He 48 SME LR (Figure 1-22).

O Dim 12| 52| wekol| = Fotel MEE2 ‘GHFRARE’, 'EZIE, ‘H2EY, WWESH orME = U

A2 LIEF (Figure 1-22).

o
Dim 29| S2o| #ekll 7 F3lE Reb D= ATl 4™ S41 cdztdo| =

2 = AUS(Figure 1-22).
FHERAE ‘BHR,ES,HY0| LHXlE S gFer, ‘s dd EM42 FeUMS(Figure
[-22).

RebAM, RebAE, RebD2| AlzZ|Elel2 =3 ZA0l AM2|Elelnl AX ZHN EMolM AlRZIe &
o|& xto|7} el&(Figure 1-22).

Dim1, dim2 &olAl M&2I} Reb A Ato|2| He|Ect dE I Reb Aol ZEIE =

of ME Atolel A7t O Zi7ked, E¢toll 2ol Zio|& 7iMo| FEAel H™EECt

O O 0O

Btet AR 23
Mol 4MS RUHASS HOE. (Figure 1-22).

O ZINMOZ Reb Al LEISS EBFOM +IAURAI FLSHE AW SHT RAIS 2YSHE
R B 5 Ucks WS L & US.
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Figure 1-22. Biplot representation of 7 samples (A) and 95% confidence ellipses with emotion
attributes used to describe them, in the first two dimensions of Correspondence Analysis (CA)
on the frequency presented on the CATA question.
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t (Figure 1-23).
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o
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25 8t
T

o

1-23).

O Dim 12| &<
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i
L

(Figure 1-23).

.(Figure 1-23).
O Reb Aol olz2|Az2]

O Dim 29|

=

-

NI
=l

ol
wa

K

w0

Ko

Al st

)

oA AlZZte| R2|X Xpo|7} §len

S (Figure 1-23).
O dim1, dim2 AtollM MED Reb A AlOl2] HEIECH MEDL Reb A0 HHEIES &

Hm_
ol

2M dEoM HSE 5 A AXH HH S0t FAIEH &

Atolel Hel7t o k2 Adg & 5 UAS(Figure 1-23).

O ZoHM2=Z Reb Aol ZE|

ol
o<

<+

oll
o

1

o<

<+

il
oju

[

i
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Figure 1-23. Biplot representation of 7 samples (A) and 95% confidence ellipses with concept
attributes used to describe them, in the first two dimensions of Correspondence Analysis (CA)
on the frequency presented on the CATA question.
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4. A1 NHDC YHo[A A F2| 2H[A 7|24 &4 / AHH|RAOIE A F2| &H|XL 7|54 &4

41. QTEE AH|X} 7[EE ZA}

4.1.1. A7 =5

0o
ol

O 25t o MZsE 25t NHDC ZXO|H 2t Reb A EE= XNH2F Zio|E X382 QTFE2E0 X

P
[
01 NH|X} 7|EE ZASIGS.

4.1.2, Algudr

4.1.3. dAIRE

O mge g2 Holady ¥ g Eo thst LAl 27174 el 2F 194 of4k 40CH olgte] o{d e e
2 Oo|=tofAtof st 22t AAH 2E STES FEESH ZHSIUZ.
O 2k 21MFE 36M7HX 2 (H 3 24.85, EEHAL 3.1) & 602 mjdo| &H[A 7|5E 24 Ao

ZHo{sIR 5.
41.4. AR

O 2 AFoM & 789 QLTF=2EE #IIS

=2 o
= = it —
sl 2E ARol dY 7%0 435t sE2 HOlR EfEs FEIE 2

@

Io

Table I-64. & QTEE RtE= M=

Ingredients Manufacturer
ﬁJr’\EJE QAR S 100% S

oaldo2 urgsl QlaE @®->2]F&B
Sucrose CJ] CheilJedang Co., Ltd., Korea
Rebaudioside A CJ CheilJedang Co., Ltd., Korea
Aspartame Vitasweet Co., Ltd., China
G NHDC Al 2K 2ol A AT
Acesulfame-K Vitasweet Co., Ltd., China
Saccharin JMC Corporation., Korea

O Nz AR Zo|2EstE E &2 7|&2 controlAl& CHH| 50%-70% M5t 2.
O = e

sgtdolE2= NHDC HZXolAdl, G-Rebaudioside A, Sucrose, Aspartam Acesulfame—k,
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Table 1-65. RTFEEo0| A

=g &Y NE(sLE)
(Sucrose equlvalent conc. %)
Control e 7%

g-nhdc (1.05%)+reb A(2.45%)

A& 3.5% + g-NHDC 0.008% + reb A 0.009%

g-nhdc (1.05%)+sucrose(2.45%)

ek 3.5% + g-NHDC 0.008% + sucrose 2.45%

reb A(2.45%)+sucrose(2.45%)

Aek 2.1% + reb A 0.009% + sucrose 2.45%

reb A(2.45%)+aspartame(2.45%) Ael 2.1% + reb A 0.009% + aspartame
O Ol 19%
Reb A(2.45%)+acesulfame-K(2.45%) Aelr 2.1% + reb A 0.009% + acesulfame-k

0.010%

reb A(2.45%)+saccharin(2.45%)

ek 2.1% + reb A 0.009% + saccharin 0.006%

O G-NHDCZE baseZ 35101 bulk Zo| AX|

Z=gt2 2 control CHH| 50% A Zstol 2

| &% (G-Rebaudioside A)E 2M 2
S G-Rebaudioside A basez 3}

(Sucrose)

EEOH HESIUS.

01 bulk #0| &X (Sucrose) E= 15 1Zo|2Xf (Aspartame, Acesulfame-K, Saccharin )& 24
= =22 control tHH] 50% A Zstol RFEE0 X5t Z(Table 1-66).
Table 1-66. XMz RTFEE ZtE&= BA| I
F5A7  Sample(ratio) Recipe (2000ml7]&)
Control el 140g LI 2E1860g
e+ g-nhdc+ reb A e 70g + g-NHDC 0.178g + reb A Q12 E1964.6g
(5: 1.5: 3.5) 0.187g
50% e+ g-nhdc+ sucrose et 70g + g-NHDC 0.178g + sucrose Q-12E19158g
(5: 1.5t 3.5) 49g
e+ reb A+sucrose Aelr 42g + reb A 0.187g + sucrose QL F2E1887.8g
(3: 3.5: 3.5) 49g
e+ reb A+aspartame Al 42g + reb A 0.187g + aspartame QF2E1936.6g
70% (3: 3.5: 3.5) 0.238g
Aer+reb A+acesulfame-K A& 42¢ + reb A 0.187g + Q=2E1936.6¢g
(3: 3.5: 3.5) acesulfame-k 0.204g
e+ reb A+saccharin Ael 42g + reb A 0.187g + saccharin L2+ 2E1936.7¢g
(3: 3.5: 3.5) 0.129g
O ANEE UeEs wHE @F2Ee; Ho|2EFES mixerdl =1 Mixer 124 40x =21, A|lZHo]
EotM HETOM 1= Eastds. & 70 Al=Ro thet A2 M3 ZF2 459-50g OIAU=.

415 A2 "Il X ¥ HE

O ZE MKtz 7832 RTFEE AMNEE "HItelYS. A== serving order effect® Ho{st7| 2l 7
& QTF=2EQ°| HIt =M= Wiliam’s Latin Square o2 X5l MI5IES. st A|lRE H
7tst = oS AlE HIlsk= monadict S AL SHLCE

O 2H[AF= A|RE S F AlZ2e| MUkl 7| %, Stap &fo|, ciSt J|s & Gl 245 #8755
o AOIATE OM HMET 2 HIISIAUS. LT check—all-that—apply (CATA) 7|H2=Z A|ZoAM gt
He £2 dot A2 HE "I S. CATAM ALEEls SH2 of2E 88 ARAAM U= &
2N SN AEN SMo=2 FHEACH ZH ARE B2 3, 27 E2 M d2 Hs 2F 1
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ol AlZet AR Atololl= = (&t 018)

]
29 AR Alolo] ZHH2 of 6EO|FS.

o
ol
a
0jo
=
w HU
i
Rl
>
ol

O 7] 5 5 (H ke
) 7te| 7eol™ xto|E ABotY| sl detMEEEE 0|28 & ME 4

O CATAZ MESH A|Re| £2 HMI} 42 M2 HEEAMS 0[3510f EMst¥ o0 HIL A|lRe| £
it 42 dol RoMsS ABotr| flal wxEAMS MASIUS. ESH "I AR E2 HI d2
M ME Feg A|AdMo=z MHET| f/sl iS22 (Correspondence analysis)E AU =

O SHEAMol= IBM SPSS Statistics 26(SPSS Inc., Chicago, USA), R Statistical System 4.0.4 (R

Development Core Team, 2011)& AI235I¥S.

41.7. A7+&L

O RFEE AR9 7|5k 2MEN ZI}

» 4t ARS TSR Z2He| Re|XM RIO|E HSSH| flot] dEtME DS 0|28t EAREMZ AlA|SH
¢iony O A= Table 1-672F 2. O AL, AMRoAM= ctSrdEo| |Ro|XMol Xl0|7} LIEIGHS
o MUtM J|SE, ot8b J|SE, AlSF J|EE, Aol ZAE= Fo|AHQl XIo|E HO|X| LUS
(p>.05).
Table 1-67. A|l22| 7|5 2 EM EAEAM AL}
A=A F-value P-valuel)
SEIZSI I -l 1.74 0.110
ook Vs e 1.868 0.085
A& oab e 5.175 0.000%**
Aot 715 = 0.99 0.431
AlSh = 1.184 0.314

O Q7FEEANRL 7|2 H A F&EWA
» 73 MR J|IEE

= AlZEe] N2l T3 E
I

ZEo| Aol 2 A|Z7} control2Ct = "HIGIH 20 g-nhde + Reb A Z71& =7}

=. AEt J|EE= ZE AZE control2EF 2kZF A HIISHE S . Reb A + acesulfame—-K 2|
M2 grlElen Aot 5= 713 = "HIEUS.

A

. reb A + sucrose, reb A+ aspartame= control2C} W2 M2

08 > > g o>
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iy

Table 1-68. 2t A2 W I HFFEHX 21t

Sweet
Overall Taste/flavor v Sweetness Sour taste  Sourness
Yogurt L . taste . ] )
liking liking o Intensity " liking intensity
liking
p-value 0.110 0.121 0.085 0.000% ** 0.431 0.314
control 6.3+1.4 6.3+1.2 6.1+1.3 49+1.1a 6.0+1.3 5.1+1.2
gnhdc+rebA 6.0+1.7 6.1+1.7 57+1.8 5.8+1.5b 59+1.6 49+15
gnhdc+suc 6.3+£1.5 6.3+1.4 6.2+1.3 49+1.2a 5.8+1.5 51+1.4
rebA+acek 59+1.7 59+1.7 5.8+1.5 5.3+1.4ab 56+1.4 52+1.3
rebA+aspt 6.0+2.0 6.2+1.9 6.1+2.1 5.8+1.6b 6.0+1.6 46+1.6
rebA+sacc 56+1.7 56+1.8 56+1.6 5.7+1.5b 56+1.5 50 +1.3
rebA+suc 6.4+1.7 6.4+1.7 6.4+1.6 5.5+1.1b 6.0+1.8 49+1.6
1) 89&HE 0.05 7oA 99A Rtol7F = AL F2 FHZ BAIGHIS.

O 272E A2e F2 & 24 21

AlZel £2 FE Check-All-That-Apply(CATA) 7|2 HHItgt. CATAO ALEE 880{= 782
QIEE ARoAM Wags Z2A M1 M &AM 3172 TAYUS.
Zt MR E2 A MY "Lt HMEE= Table 1-693F 220{ 30% O|& MEHE £ME2 Ct3T)

A x=)
[=3=1

ol
tu
Ho
8
=
(e¢]
\C-:J/

0

Control A|22| £2 HMoRE AMAK36.7), =3 , = g4 (55), A=/F=
siAM ZCH31.7), & el= SH561.7), SHHEAYCH31.7)9 Mo ME=S. =52 St ¢ 1
S22 ool f4o| FE2X|A £olste HMe=E EMEUZ.

G-nhdc + reb A =8HEl AlR2| £2 o=+ Z3I22 8H(35.0), = ol FEHHCK51.7), U
=/F & £CH33.3), FH= BH36.7)8 40| MEEAS.

G-nhdc + sucrose Z&HEl Al22 £ o2 = MAH35.0), ©H5H(35.0), 7HH-2 SH38.3), & ot
Z £(31.7), = ol F=HCK53.3), Ax/E=siM ECH41.7), FEHels 5H43.3)2] £40|
ME RIS,

Reb A +acesulfame-K =& A|R2| £2 M2+ M2aK36.7), THEH33.3), 7HHE BH31.7),
= gZo] REZCH55.0), d=/AHsHAM £CH33.3), FHME SH41.7)2 £40| ME=AS
Reb A+ aspartame ZgHEl A|Ro| £2 Mo Z= MAM(36.7), &71(31.7), £t8H46.7), 7t St
(36.7), =3tE2R® BH31.7) , = Ho| B="CK61.7), A=/Z=siAM ZCH33.3), FEHals B
(33.3), O HIDAICK33.3)e &#Ao| MEAZUZ. O HI 42 HHo0| FEHX|HA ZFotste &4
o=z EMEIAS.

Reb A+ saccharin Z&HE AIRQ £2 FH2E2= MAK38.3), 2ok Z%(35.0), = Ho| FEH
ch51.7), R E8l= BH38.3)2| HMo| MEEAS

Reb A+ sucrose Z=REl AlRQ £2 HE<= H8H41.7), =20l FEBCH50.0), U=/Zl=d]
M ZECH31.7), BFE8l= SH51.7)e 40| MBS

AlRZtel £2 Ho| 7olx Xo|E YolE7| 2laf uxEMg AASIUS. O 21, =3=ER 5
DA B O H doke S40AM Fol& xfol7t e AR EAMEUS
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Table 1-69. 78 RT7E2E°| £2 & Zz}

AEETE R
o Ll R R I B R o
RiAy 0.835  22(36.7) 17(28.3) = 21(35 | 22(36.7) = 22(36.7) = 23(38.3) | 17(28.3)
971 0.921 | 14(23.3) 16(26.7) | 14(23.3) | 1830) = 19(31.7) = 18(30) | 16(26.7)
w) Aot 0.64 6(10) 3(5) 6(10) 2(3.3) 4(6.7) 6(10) 6(10)
29 0506 | 11(18.3) 11(18.3) | 14(23.3) | 11(18.3)  18(30) = 13(21.7) | 10(16.7)
chop 0.157 | 17(28.3)  18(30) | 21(35 | 20(33.3) = 28(46.7) = 15(25) | 25(41.7)
Algy 0.937 | 16(26.7) 13(21.7) | 12(20) | 11(18.3)  12(20) | 11(18.3) | 12(20)
sy 1 0(0) 101.7) 0(0) 0(0) 0(0) 0(0) 0(0)
sigt 0488 7117 3) 4(6.7) 2(3.3) 4(6.7) 233 8(10)
xetor 0832 583 9(15) 5(8.3) 4(6.7) 6(10) 6(10) 6(10)
b o 0693 17(28.3)  17(28.3)  23(38.3)  19(317) = 22(36.7)  16(26.7) = 16(26.7)
xzsl2e 9t 0009  29(48.3) . 21(35)  15(25)  12(20) . 19(3L7) = 12(20) . 17(28.3)
ool 4% 064 18(30) | 16(26.7)  19(3L7) | 15(25)  12(20)  21(35) | 18(30)
=7 mAsr | 0335 | 7117 71L7) . 6(10) 101.7) 6.7 8(133) | 7(11.7)
27029 | 0422 | 1118.3)  100167)  16(26.7) = 15(25) = 16(26.7) . 8(13.3) = 12(20)
SERL 0908 33(65)  31(517)  32533) | 33(5%) | 37617) | 31(517)  30(50)
me 7= 0.159 0(0) 2(3.3) 3(5) 0(0) 2(3.3) 0(0) 3(5)
o =0t | 0167 | 4(67) | 5(8.3) | 5(8.3) 233 1006.7) | 35 | 70117
0)%/A14
;Eii} A 08 w9BL7) | 2033 | 25417 20833 20833 1830) | 19BL7)
MEHA om0 10 1(1.7) 0(0) 0(0) 1(1.7) 3(5)
SZa om0 10 0(0) 3(5) 0(0) 3(5) 3(5)
Z=2olct - 0104 8(13.3)  9(15) 5(8.3) 58.3) | 14(23.3) . 4(6.7) . 8(13.3)
Sogie ob 0278 31(51.7) | 22(36.7)  26(43.3)  25(41.7) | 20(33.3) - 23(38.3) @ 31(51.7)
SERHE o004 8133 467) 1(1.7) 0(0) 3(5) 0(0) 4(6.7)
ssAch 051 0 193L7)  12(20) | 13(21.7) | 8(13.3) | 17(28.3) . 9(15) | 15(25)
EAEOIS 0459 610) 583 6(10) 2(3.9) 5(8.3) a67) | 9(15)
sl o 0457 15(25)  7(L7) . 9(15) . 10(67) . 120200 | 8(133)  13(21.7)
f;é?ﬁ%lq 0.782  9(15) 6(10) 12(20) | 8(13.3) | 11(18.3) = 10(16.7) | 8(13.3)
o ®aych 0038  11(18.3) | 17(28.3)  14(23.3)  8(13.3) . 20(33.3) = 8(13.3)  18(30)
ZUESL 0589 905 8133 7017 6(10)  11(183)  6(10) | 12(20)
B 0e7s s 46) 6(10) 5(8.3) 6(10) 46.7) | 46.7)
Fg S 0a 233 ) 2(3.3) 1(1.7) 4(6.7) 58.3)  1(1.7)
1) Pearson ZPoIA|He] Hol&H&sS Ued. bR A2 7] ¥I=E 7HX& F5Fo] e 49 Fisher 9
AR e UEhd. GoleE 0.05 2304 GO Aol7t gt AS #e A RANES
2) N= 60
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TEEANRS 42 & &4 Zz

Alzel 42 FS Check-All-That-Apply(CATA) 7|# o2 #Itstgict CATAOl AEE oje 7
5ol LTEE ARoM L= 244N sS40 48N £d 372 FHEAS.

2t ARS Ae ™ Me dglEet HMEE Table 1-702F 2201 30% O|4at MEHE £ME2 Ct33}
pAE=1

[=3=]

Control AlZ9| 4

=2
SERI Hofsts A
=

G-nhdc + reb A ==&l Al 42 22 30% olet MEE 42 six|et Zet etStef &
do| FEHX| Hdojstes Hdez EMEHUS

G—-nhdc + sucrose, Reb A

+ =
Reb A +acesulfame-K =&& AlZ2o| 42 Mo=zEs SI8H31.7)9 &40

Reb A+ aspartame Z=REl A|Z22| &2 HMo=2&= SIS M EH elZ3A el
Ste| Mol FEHX|A Hofste HH22 ZMEAS

Al2ol a2 Aol Fol™ Xto|E YotE7| 2fa WXEAMZ AAlsI¥s. O 21, st =8 olz
Aol ciSF, ofst CiSH JHHR Stel fHMolM Fol& Xto|7f e AR EMEAS
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Al

Table 1-70. 78 2T E2EQ| &2

8 22t

Al 772" gl P-val gnhdc+reb | gnhdc+su | rebA+ace | rebA+asp ;| rebA+sac | rebA+su
DR 2 yel) | control A c k t c c
Ay Ay 0.141 = 2(3.3) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
27 0.141 = 0(0) 0(0) 2(3.3) 0(0) 0(0) 0(0) 0(0)
g] &5 1 0(0) 1(1.7) 0(0) 1(1.7) 0(0) 0(0) 0(0)
) 0.429 | 4(6.7) 2(3.3) 7(11.7) 6(10) 3(5) 3(5) 7(11.7)
Zat o ot 0.0l | 3(5) 13(21.7) 1(1.7) 8(13.3) | 10(16.7) @ 11(18.3) | 7(11.7)
7¥5F Al ot 0.521 3(5) 8(13.3) 10(16.7) 5(8.3) 6(10) 7(11.7) 6(10)
Zret ey 0850 1(17) 2(3.3) 1(1.7) 3(5) 2(3.3) 4(6.7) 2(3.3)
QAo WLt | 0.002 @ 3(5) 16(26.7) 6(10) 1728.3) | 18(30) 15(25) 12(20)
x5t o 0.994  1(1.7) 1(1.7) 1(1.7) 2(3.3) 1(1.7) 0(0) 1(1.7)
zalEA] X O | 0143 3(5) 6(10) 5(8.3) 9(15) 7011.7)  13(21.7) @ 8(13.3)
o]st at/HA 0.72 3(5) 2(3.3) 2(3.3) 6(10) 4(6.7) 3(5) 5(8.3)
okt T gt 0.022  9(15) 4(6.7) 10(16.7) = 4(6.7) 2(3.3) 58.3) 1(1.7)
ofst Al Bt | 0.887 = 6(10) 8(13.3) 5(8.3) 6(10) 6(10) 46.7) | 8(13.3)
okgh 22 g 0193 1(1.7) 3(5) 0(0) 46.7) 1(1.7) 2(3.3) 0(0)
Llat g 0715 = 1(1.7) 2(3.3) 1(1.7) 46.7) 1(1.7) 3(5) 3(5)
Jhee o 0.046 = 9(15) 2(3.3) 5(8.3) 1(1.7) 3(5) 46.7) 1(1.7)
Siop 0.225  8(13.3) . 13(21.7) 1525) | 1931.7) = 19(31.7) = 16(26.7) = 18(30)
A oF & 0.504 . 6(10) 46.7) 2(3.3) 1(1.7) 3(5) 2(3.3) 46.7)
=71 gAs 0 0.099  1(1.7) 0(0) 0(0) 2(3.3) 2(3.3) 0(0) 46.7)
27t 29 0.516 | 4(6.7) 3(5) 1(1.7) 5(8.3) 46.7) 4(6.7) 1(1.7)
kol 7t 0.978  10(16.7) |  12(20) 14(23.3)  13(21.7)  11(18.3) | 13(21.7) | 13(21.7)
"o 7= 0.779 | 16(26.7) . 16(26.7) | 10(16.7) | 17(28.3) | 14(23.3) | 13(21.7) | 16(26.7)
g AT} 0.139 . 0(0) 0(0) 0(0) 1(1.7) 0(0) 3(5) 2(3.3)
o gﬁa}” 0.934 | 2(3.3) 2(3.3) 4(6.7) 3(5) 1(1.7) 3(5) 2(3.3)
e ey T ) 0(0) w1y 1w 1 oo
4= =350k 0645 0(0) 0(0) 0(0) 2(3.3) 0(0) 1(1.7) 1(1.7)
@it} 0163 = 1(1.7) 46.7) 7(11.7) 3(5) 711.7)  8(13.3) | 4(6.7)
HorApe or 0341 1(1.7) 7(11.7) 2(3.3) 3(5) 2(3.3) 3(5) 2(3.3)
SER 022 = 1(1.7) 46.7) 8(13.3) 9(15) 6(10) 5(8.3) 6(10)
obEA2x] otk - 092 @ 5(8.3) 7(11.7) 9(15) 9(15) 7(11.7) 9(15) 8(13.3)
E‘%f;f A 0999 583 3(5) 4(6.7) 4(6.7) 4(6.7) 4(6.7) 5(8.3)
75%;@3{54‘] 0.891 = 2(3.3) 4(6.7) 6(10) 5(8.3) 4(6.7) 4(6.7) 5(8.3)
Az mAZIC | 0043 1(1.7) 7(11.7) 1(1.7) 6(10) 7(11.7) 6(10) 2(3.3)
o SwAIA] otk - 0.193 | 6(10) 12(20) 6(10) 1321.7) | 11(18.3) = 13(21.7) | 6(10)
7]8o] uwhRict | 0.565 | 1(1.7) 2(3.3) 3(5) 1(1.7) 4(6.7) 4(6.7) 1(1.7)
ojA7CH/AAT | 0252 1 0(0) 2(3.3) 0(0) 3(5) 2(3.3) 0(0) 2(3.3)
ge mol gk | 043  13(21.7)  12(20) 12(20) 5(8.3) 12200 | 8(13.3) | 12(20)
2 71t Y=g 7HX|= FFo] A+ % Fisher o F=HHH

2) N= 60
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4.2, YIE| &H|A 7|SE ZAL

| 3E|of| X &350

ml:l

std & MAstE flsi NHDC ZTOl|A2F Reb A EE& NMEZ ZOolE Z§sS
H

O &2 AldolM= NHDC Z™olA 2 Re

AL b
thH| 50%-70% MZte 4= JAE=E 243

O mge "2 Zolad, B4 2 R0l et Lel=7|7k gt= 2k 104 ol 400k olgke] &2 of
Moz olFOiR ST 22t0l AAIT 2X DS YRS DA

O gk 21MFE 36M7EX|2[("H 25.46, EZHAF 3.3) & 612 o] 2H|X 7|52 24 MFo
AHof31%1 3.

4.2.4. AN=

O & AFoAM & 759 LIEIE HIISIUS. ASOIAM EoiE0| M =2 LIEQ & 22 &1
1 2 =

of M 7%0| ASsle sEZ ZolE ZE=S Milk tea based| ME5IE S(Table

Table I-71. XMzt 2 3E| ¢t== M=

Ingredients

Manufacturer

G-Rebaudioside A
G NHDC
Aspartame
Acesulfame-K

Fabrique par Unilever Russia, Russia
Seoul Dairy Cooperative, Korea
Jeju Province Development Co, Korea
CJ] CheilJedang Co., Ltd., Korea
CJ] CheilJedang Co., Ltd., Korea
Al 2K 7oA AR
Vitasweet Co., Ltd., China
Vitasweet Co., Ltd., China

Saccharin JMC Corporation., Korea
O XMz Alzel ZHolz =ah=2odM A3kM ol H[g2 controlAl & OHH| 50%-70% MZst¥ &
O ==¢nlz =g ¢ it @F2EAMYHD st
O 23E AMZ 2tEx= AT = Table I-722F 5. AlZ 2tE= HH2 Mik tea base (2L 7|&) ¢t
=1 tea bag 207HE 2l = 1000mlofl 72 El 2R 1:1 HE82 AHA2. Mik tea base & 2z
o2& beakeroﬂ =10 WH|of 5cHA 22 =2 HETOM 12 2SR S. st Al M S
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Table I-72. Mzt Y3E[ 2=

2| Al

gd=x7k Sample(ratio) Recipe (2000ml 7]1%)
Aer+g-nhdc+rebA Milk tea base
- AEF 70g + g-NHDC 0.178g + rebA 0.187g
(5: 1.5: 3.5) 1860g
d&+g-nhdc+sucrose Milk tea base
et 70g + g-NHDC 0.178g + sucrose 49g
5 (5: 1.5: 3.5) 1964.6g
50%
A erebA+sucrose Milk tea base
el 42g + rebA 0.187g + sucrose 49g
(3: 3.5: 3.5) 1915.8g
ME}
=0° Milk tea base
+rebA+aspartame AEr 42g + rebA 0.187g + aspartame 0.238g 1887 8
(3: 3.5: 3.5) o8
ME}
=° Milk tea base
+rebA+acesulfame-K A& 42g + rebA 0.187g + acesulfame-k 0.204g
70% 1936.6g
(3: 3.5: 3.5)
A&+ rebA+saccharin ) Milk tea base
et 42g + rebA 0.187g + saccharin 0.129g
(3: 3.5: 3.5) 1936.6g
e+ g-nhdc+ rebA Milk tea base
et 70g + g-NHDC 0.178g + rebA 0.187g
(5: 1.5: 3.5) 1936.7g
425 AlE il EX Y e
O BE AH|XHE 789 YIAEAZRE "HIIGIHS. 78 LAE9 "I =ME Wiliam’s Latin Square
HHHO 2 XMoo MSot¥S. stlel AlRE "HItStE ChE AlE "IIStE monadicHH 2 A&
O &H|X= AIRE B2 = AR MEMMel J|s 5, Stnt &o|, SISt 7|55, SXtegn| 7|52, 4t
go| ZE, BBt J|EE, CEE AR, £8F TSk 3 #ACHAEE 9 HMEZ HItsI S, KT
check—all-that—apply (CATA) 7|Ho 2 A|Ro|A gaizls £2 Hut A2 Mg "HI5IF 2. CATA
of AMSE= EM2 offE SE AMEAM YUdEE= 228 M3 48N £MHo=2 FHEAen
Z4AZE SR T, 27 22 M de2 He 25 D2 si¥s
O & 7hel AMzo st HILE obal = cftg AR E HMAISH A2} A2 Alolol& =(MChsE 018)
2 AN E S SI¥S. A2t AlE Alole] ZtH 2 oF 6E0I¥ S
4.2.6. SHEN
O SAHYEH2 QFZEMNYHI SUE. 785 AR 7|sE(MeEkMel J|s &, Stnp &o|, S8k 7|8k,
Exteo| 7|3, SXE0| ZdE, CEF TS &, S8 ZE, £8F sk S #£5H2E) 7He| RolA
Aol E ASs7| flsl deMHEHES 0|8 EAHEAM S AAISIHZ.
O CATAR AMESH AR Z2 M1l 42 H2 HEEMZ 0|23510] EM5IQon HIF AR £2
Mo 42 FHo ReMd=S 7.:1%5P7| el WAIEMES AASHRS. £ HII AR £2 Hi 42
M M HdEs AMZUAMoZ MIEHET| 25 oS &AM (Correspondence analysis)E AAISIAS
O EAEAMo|= IBM SPSS Statistics 26(SPSS Inc., Chicago, USA), R Statistical System 4.0.4 (R
Development Core Team, 2011)2 AF%GFS’&%.
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427 AFAD

O 23E ANz 7|5 EAMEN Z1

» ZF MRS VSR 7| 7oA Xto|E HEBSHY| flste] LutME B S o|Est 2AMEAMS AMAlSH
@ond 1 Anbe Taple 732 ZE. 1 23, AlRolME S 75 ¥ oordzel feolxel
Ato| 7t LiEtGten] MUY TSk, Stnt &n| 7|sk, EAten| 7Sk, EXten| ZE, Ho U|S
£, 28 U|EE, 28 2= RoAQl Xo|E EO|X| 2ygCHp>.05).

Table 1-73. A|lR2| 7|z % SM EMEM ZI}
P k-A F-value P-value!
AdrEQl 7o = 1.399 0.213
Shp o] 7le= 0.85 0.532
Sigt 7]s e 2.17 0.045°
SAGD] 7|2k 0.509 0.802
A& A d= 0.778 0.587
FR g A 2.021 0.062
oo A= 5.712 0.000"""
i g o 0.392 0.884
2o e 1.875 0.084
1)*= p<0.05, **= p<0.01, ***= p<0.001
O AMze 7|5 B ¥ EFHA 21t

» 735 23E9 7|EE BN HOn EFHAE CFS Table =742 5.

» AlZo| MEMMCl 7|5 2 StmEn| 7S E= Reb A+ sucroseZt control2Ch = "HILERUS.
Reb A + acesulfame—-ke| MBS =& Jt& ZA HII=[A20{ Reb A+ aspartame?2| Szt &fo|
JlsE= JHE R HItERIS.

= SIoF 7S 2| HROlE Reb A + sucroseAlZ2E controlt 22 52 M3+=2 HIIEIS0| Reb
A + aspartame 7t& Z2 MTE E¥ 3.

» =X} g0|7|5Eel ARol= Reb A + sucroseAlZ controlZ2Ct =7 HItE}20{ Reb A +
aspartame 7t& 2 HTE HIHEUAZ.

» EXtEo|el J|5E HA=Rol= control2ct Reb A + acesulfame-k Jt& = HItEAU0
g-nhdc+ reb A= 78 S HIHE IS

» CHOF 7S£ = control 7H &%*20{ g-nhdc+ reb A 718 2 HME ERS. dhHo| ciStdE
of Z=ol= controlAlZ7t 7+& A HIt=[A20{ g-nhdct reb A AIZ7F JHE =2 "ItE()U
=. #2875 2 #8F 259 A0l= Reb A + sucroseZt 7t& WA HItE[}20{ g-nhdc+
reb A7t 718 &2 HE+E B2
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Table 1-74. Zt A|2e| H 3 m&:HX Ay
Black Intensit .
e Queral e Mt ler SIS swestness BT ttorness
liking liking liking flavor liking liking
p-value 0213 0532  0.045%+  0.802 0.587 0.062  0.000++  0.884  0.084
control  6.3+16 62+1.7 6.1:15° 64x14 5117 60:15 53:16 OOFlL 4as16
gnhderred 58490 5.9:19 54x1.9° 62415  47:17 50520 6715 OFL 40:17
gnhdcrsuc  62+1.8 6.116 6.0£17° 6.3x15 51x1.7 57:¢16 57:1.4" OS0Fl 49415
rebAtacek 5.7+2.0 59+1.8 57+17° 62+1.6 5214 55:18 57150 OOFL 46s16
rebAtaspt  6.0+1.6 5.8+16 54:17° 6.2+15  49:17 55:16 6.1x1.4" 9FL 4s5i1p
rebA+sacc  5.8+1.6 59+1.6 57+17° 61:17 51x15 53x19 6.0£15" 9l 47:14
rebArsuc  6.4:1.6 6.3:16 6.1+15° 6.5:14  48xl4 57:¢17 57:¢13° O3FL 49413
O MRSl 2 ® 24 22
« A2 £2 HS Check-All-That-Apply(CATA) 7|H o= mrlst CATAMl ALRE 8oj= 759
UIE| AMZROAM U= 228 SM0 Z48M £M 28712 A=A,
» b ARS £E2 M ME HIERl HMEE Table I-752F 220 30% O|AF MEHEl SME2 ClS
3 22

CH45.9)2] £Hdo| ME g

sko|(42.6), 7HH 2
F37.7), 2

H
T 3 HA

= G-nhdc + sucrose ZEE A|R2| £ MOZ= MAH(49.2), ©HBH31.1), X} &0|(54.1), =3}
22 8K36.1), 5 "dZo| F=HCH39.3), B el= S5 (34.4)2] H4o0| MEE[YS.

= Reb A +acesulfame-K Z=gHEl A|22| £2 Mo=2Z= AMAH(50.8), T©H8H(31.1), Xt €0((45.9),
= gzlo] B=2cH(32.8)2 Ao MEEAUS.

= Reb A+ aspartame ZE&El A|Rol E2 FHo=zZ= AMAK50.8), THEH34.4),BX} &0((39.3), =
HZlo| B=3cH42.6), 2=/ElssiA ECH31.1), 22 gle SH34.4)2] &AM0| MEHEAS

» Reb A+ saccharin Zgt=l A|B2| £2 HMo=zE MAN45.9), X &0|(63.9), 2 HZo| =&
CH34.4), B & 9l 8H32.8)2 Ao MEIZ|E.

= Reb A+ sucrose Z=EHEl Al2e| £2 Mo=z2= M4K50.8), EXt &0|(50.8), =322 5H37.7),
=2 dZo| B==ck(36.1), /&S Zch36.1), & gle BH45.9)2 HAMo0| MEIZAS
T2 2 Stel £M0| FEX|A Zolste HMHS=ZE EMEAUS.

= ARZHO| E2 Ho| RoX xfo|E otE7| fldl WXIEMES MAISIHS. O A =522 S
of HMoAM Feold xtol|7} U= U2 EMEHUS
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Table I-75. 785 Z3E|e| £2 H A

AatztA 9 P-value gnhdc gnhdc rebA rebA rebA rebA
2R &4 Y control +rebA +suc +acek +aspt +sacc +sUC
ABAY 0.979 27(44.3) 28(45.9) 30(49.2) 31(50.8) 31(50.8) 28(45.9) 31(50.8)
oot 0.674  22(36.1)  17(27.9)  19(31.1) = 19(31.1) = 21(34.4) = 13(21.3) = 18(29.5)
sy 0619  4(6.6) 349 = 7(115) 7115 = 349 582  7(115)
=gt 0.520 14(23) 6(9.8) 10(16.4) 11(18) 7(11.5) 10(16.4) 11(18)
S AL g 0.138 26(42.6) 29(47.5) 33(54.1) 28(45.9) 24(39.3) 39(63.9) 31(50.8)
2.9 &kl 0.476 8(13.1) 7(11.5) 11(18) 11(18) 5(8.2) 7(11.5) 12(19.7)
NEI 0.451 3(4.9) 9(14.8) 8(13.1) 10(16.4) 8(13.1) 11(18) 7(11.5)
7t & ot 0.284 19(31.1) 13(21.3) 12(19.7) 8(13.1) 17(27.9) 13(21.3) 12(19.7)

z3t2 20t 0.025 20(32.8) 12(19.7) 22(36.1) 16(26.2) 9(14.8) 13(21.3) 23(37.7)

Qrot7rE 0.185 | 16(26.2) | 10(16.4) « 7(11.5) = 7(11.5) = 14(23) = 11(18) | 15(24.6)
2 230 0.77 | 23(37.7) @ 28(45.9) | 24(39.3) = 20(32.8) @ 26(42.6) = 21(34.4) | 22(36.1)
e 7= 0.849  2(3.3) 2(3.3) 2(3.3) 3(4.9) 2(3.3) 5(8.2) 2(3.3)
TEr) 0.443 = 5(8.2) 1(1.6) 3(4.9) 2(3.3) 23.3) 4(6.6) 6(9.8)
(’ﬁ‘%/gfﬂ*i 0276  23(37.7) « 12(19.7)  17(27.9)  18(29.5) . 19(31.1) = 14(23) = 22(36.1)
Mz HETG | 0246 0(0) 23.3) 0(0) 4(6.6) 1(1.6) 2(3.3) 1(1.6)
EES|METH 0.289 1(1.6) 5(8.2) 1(1.6) 3(4.9) 1(1.6) 4(6.6) 1(1.6)
zE49ct 0562 8(13.1) 582 . 8(13.1)  %115) | 4(6.6) 3(4.9) | 8(13.1)
Boglugr 0087 | 23(37.7)  15(24.6)  21(34.4)  13(21.3)  21(34.4) = 20(32.8) | 28(45.9)
DaAsen | 0952 | 6(9.8) 4(6.6) 4(6.6) 6(9.8) 3(4.9) 5(8.2) 4(6.6)
wEAG | 0126 0 14(23) | 582) | 120197 12019.7) | 582) . 8(13.1) | 12(19.7)

zd3 ol AETH 0.342 10(16.4) 5(8.2) 8(13.1) 4(6.6) 10(16.4) 8(13.1) 4(6.6)

‘f%%jjﬂg} 0.127 = 12(19.7) = 8(13.1) 5(8.2) 8(13.1) 2(3.3) 7(11.5) 5(8.2)
gggéq 0.695 | 2(3.3) 2(3.3) 1(1.6) 1(1.6) 3(4.9) 3(4.9) 0(0)

o WAt | 0147 13(21.3)  6(9.8) 1423) © 15(24.6) = 8(13.1) . 8(13.1) | 15(24.6)
glf;j‘q 0.689  12(19.7) . 5(82) . 9(14.8) = 914.8) . 8(13.1) = 11(18) | 9(14.8)
{%&f o1A] 0.121 = 10(16.4) | 3(4.9) 6(9.8) 3(4.9) 3(4.9) 2(3.3) 3(4.9)
o] 20| c} 0331 2(3.3) 4(6.6) 1(1.6) 6(9.8) 1(1.6) 2(3.3) 2(3.3)

zoxo] gl 0253  5(8.2) 6(9.8) 1(1.6) 4(6.6) 1(1.6) 2(3.3) 2(3.3)

i . :

1) Pearson 7tolA|F9] folgtgS UERE. 58T A2 7|0 Y=g 7HRe g5o
Fe UEd. 3oghs 0.05 254 FA Afol7t Al AL &2 SN BAIGIAS
2) N= 61
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O M=o 4

28 24 21

AlZel 42 ES Check-All-That-Apply(CATA) 7|22 HIIeICE CATAMN ALSE 0= 7

3E| AlRoIIM LR A2 40 A4YH £4 3142 T4 An

It Al ol e BPL ARl M2 H ME Hizet HUEE Table I-762F 220 30% Ol

o MEE SMdEe st Z

Control Al22| &2 &

G-nhdc + reb A ZoHEl A|Ro| 42 Ho=2Es LT & 5H47.5), ASBEQ EHEH42.6)2 £40
C 7

=]
Mejs|ots. 2k ot

i

jo

rfo

G-nhdc + sucrose =82 Al22| A2 Mozs Zsh of 8H32.8)2] HMo| MEEAS
Reb A +acesulfame-K Z=gHE AlR2o| &2 MoZ= QaXeol thBH(31.1) 40| MEEAS
Reb A+ aspartame ZT&HEl A|R22| 42 Ho=2E= Q3Xol tiBhH(47.5)e Mol MEHES. 2l
M0l choke] £Mo| FEE XA Aojsts SHe=Z2 EMEUS
Reb A+ saccharin =& A|29| A2 Mo=Z& Q2AMQl tiOH36.1)2] £AM0| MEIES

o

Reb A+ Sucrose Al22| A2 M2 2S.

AN=zZte| 42 Hel Rl Ajo[E Lot=E7| 2sl Me & O Zzp, 2 EE
SHel ool FEAE O, HEAHX Yol Aol LE A 2ok O Ha 4X Yoe 52
SHolM 7ol o7t Us Re2 EMEAS
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Alg 77" gl P-val trol gnhdc gnhdc rebA rebA rebA rebA
A S RS uel contro +rebA +suc +acek +aspt +sacc +suc
AR AY 0.32 0(0) 1(1.6) 2(3.3) 1(1.6) 0(0) 0(0) 3(4.9)
Zst & gt 0.004 8(13.1) 29(47.5) 20(32.8) 17(27.9) 17(27.9) 18(29.5) 14(23)
7rst & o 0.106 3(4.9) 1(1.6) 2(3.3) 7(11.5) 6(9.8) 5(8.2) 1(1.6)
Q12 Aol Tiut 0.002 12(19.7) 26(42.6) 12(19.7) 19(31.1) 29(47.5) 22(36.1) 14(23)
XI5t ok 0.4 1(1.6) 3(4.9) 1(1.6) 1(1.6) 0(0) 4(6.6) 2(3.3)
siot 0.057 7(11.5) 16(26.2) 9(14.8) 15(24.6) 17(27.9) 8(13.1) 8(13.1)
A3EX] Lo g 0.656 4(6.6) 9(14.8) 5(8.2) 7(11.5) 8(13.1) 7(11.5) 4(6.6)
o] kst ab /Ay 0.281 5(8.2) 1(1.6) 2(3.3) 3(4.9) 3(4.9) 4(6.6) 0(0)
oFst ©f o 0.372 3(4.9) 1(1.6) 3(4.9) 3(4.9) 1(1.6) 0(0) 4(6.6)
oFsk 22 Of 0.876 5(8.2) 4(6.6) 4(6.6) 2(3.3) 4(6.6) 6(9.8) 3(4.9)
L7]st gt 0.712 2(3.3) 4(6.6) 4(6.6) 2(3.3) 2(3.3) 1(1.6) 1(1.6)
7te-& ar 0.172 11(18) 5(8.2) 6(9.8) 6(9.8) 5(8.2) 4(6.6) 2(3.3)
S X}5ko| 0.473 2(3.3) 1(1.6) 5(8.2) 5(8.2) 3(4.9) 4(6.6) 6(9.8)
£ o skn| 0.209 5(8.2) 1(1.6) 4(6.6) 7(11.5) 4(6.6) 5(8.2) 1(1.6)
Aot 7= 0.367 3(4.9) 2(3.3) 5(8.2) 2(3.3) 0(0) 4(6.6) 2(3.3)
Rrod 7k 0.572 6(9.8) 10(16.4) 14(23) 12(19.7) 10(16.4) 10(16.4) 8(13.1)
©o 7hx 0.609 12(19.7) 5(8.2) 9(14.8) 12(19.7) 9(14.8) 8(13.1) 10(16.4)
v Alck 1 1(1.6) 1(1.6) 1(1.6) 0(0) 1(1.6) 1(1.6) 0(0)
ol /R145HA] otk | 0.744 1(1.6) 2(3.3) 2(3.3) 0(0) 3(4.9) 3(4.9) 2(3.3)
U2 A& — 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
U2 =Esic 0.39 2(3.3) 2(3.3) 0(0) 1(1.6) 3(4.9) 3(4.9) 0(0)
At 0.761 3(4.9) 8(13.1) 4(6.6) 6(9.8) 4(6.6) 5(8.2) 4(6.6)
HoaaAzgar 0.003 1(1.6) 9(14.8) 4(6.6) 6(9.8) 0(0) 5(8.2) 1(1.6)
NEESY 0.286 | 10(16.4) 9(14.8) 6(9.8) 4(6.6) 13(21.3) 7(11.5) 10(16.4)
TEE AR K] gt 0.04 7(11.5) 13(21.3) 1(1.6) 12(19.7) 9(14.8) 7(11.5) 10(16.4)
Q%Olaﬂﬁﬂ”%}% 0.968  2(3.3) 2(3.3) 3(4.9) 4(6.6) 4(6.6) 4(6.6) 3(4.9)
A7doE A7 0 1(1.6) 15(24.6) 7(11.5) 2(3.3) 7(11.5) 4(6.6) 5(8.2)
o WuAIX] oich 0.012 4(6.6) 16(26.2) 4(6.6) 12(19.7) 9(14.8) 12(19.7) 6(9.8)
ARSI Ry fui 0.335 3(4.9) 6(9.8) 1(1.6) 5(8.2) 3(4.9) 4(6.6) 1(1.6)
| AZATH/ AT 0.735 1(1.6) 0(0) 0(0) 1(1.6) 2(3.3) 2(3.3) 2(3.3)
Aerdolgict 0.239 | 15(24.6) 6(9.8) 12(19.7) 6(9.8) 9(14.8) 12(19.7) 11(18)
1) Pearson 7Hoixi gl Goja g el SHTy A8 o) Ww s ST §5e] S S TFisher of AN o

el 90lEhE 0.05 2E0M S8 A7t 9k A9 Fe ML BANAL
2) N=61

O AM=Re 22 d, &2 d M4 Zxst
« Z} M=ol 2l CATAZ MdESH A
M (CA, Correspondene Analysis)

=2
= =
{0 AL3H 22 M, 42 M 42 mjY 30% olyo| MeiE
[=]

[
1o
ol 0|||-)|

1

O, 26 —

= Control= FME 12| 2ol dbak ME 29| ko] ekl f|AlstHd £E2 o=
Ct, REel= B, 72 CF CiSe| ME HIZJF =43,

» FME 19| ko WE ME 29| o YWEkd| /XISt Reb A + sucrose= E2
oF EMo| MEf HIEJ| =9ton] Z+2 dbsko| 2|x|St g-nhdc + sucrosel AL
oot x32R OF S4o| ME HIZIJ =UAF

o
a’oco wm=



» TME 12| 3o utsk ME 29| k9| dlsky| XS Reb A+ aspartames &2 M2 =Xl
IS EMo| MEd BIET} =95
» FME 19 39 disk ME 29 Zo| ek XIEH Reb A + acesulfame-k2} Reb A+
saccharine Z£2 =2 = gZo| FEgCH MM, SXten| EMol MEH HIEIL =tond
g-nhdc + Reb AS| A% 42 Ho=z zZish ciotk2 EMe| ME| HIZJ| =4S
£A factor map
& i
e Araspartame |
i Caneral
| L o A |
F . .
p L@ Wa0) 20y L YH
:__ 3 -\..I :_. . ! = -,
E [Py R "
& bl feh Asaoeguiarfe-K -
faly B ReTiaTin fef A+SUCnse
i
W, £ - .
i geihdckslenoad A
L &
Oim 1 (57.20%)
Figure |-25. L3E|l Al229| E2 M, &2 A AMUH T ES}
5. Al Zo|RE 2R 50% ML T2z MET A T SH HE &
51. A7EH
O Table top M&2 thAdle = U= NHDC EHolA 2t Reb A == SucroseE Z=%5l0d table-top
sweetenerE 7St olof CHEE &H[X} J|SE ZAIE AA[EH
5.2. A dty
O 2 AdoM= NHDC HZXo|A2F Reb A £ MEE Zolg =82 MHSI & &2 7|&22 7|=
CHH| 15%-50% MZ& & £ UL ZE table-top sweetener =50 AlMts ZHE A|lZO0 2 5101 &

[s13
= .

HBIXL 7|22 Z=AF AA
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5.3. dAl=d

A Zto| A 2 H| &S maltodextrinoll o st 2227|271 gl= 2F 194 oAk 40CHe] oM
S a2z o|stofXich&tm 22lel HA|Zo| 238 ST1ES Y2Es5t0] 2R5I9S.

= [=]
FEHEX 4.2) & 594e| mfgdo| 2H[X 7|5 E

O ot 20M5E 41M7IX| (BT 25, 24 Also| #
0959 .
5.4. A&

O 2 AFolA &3Z29| table-top sweetenerA| 22} SHl SAI-Altts HIL51H 2.
O N Al Zo|2EeE E &2 7|=2 controlAl & THH| 30%-50% MZU5IAS.

O zgtzto|2& NHDC ZX™o|Al, G-Rebaudioside A 2! SucroseE AlZZ2 AL235IF S(Table 1-77).

Table I-77. AEE M=
Ingredients Manufacturer
3E oo @ oY, 5 A8A
Maltodextrin @® 4, A& A
Sucrose CJ] CheilJedang Co., Ltd., Korea
G NHDC Al 2K 2ol A A&
Rebaudioside A CJ CheilJedang Co., Ltd., Korea

O g-NHDC <2F nzZto|Ax (Rebaudioside A) 282 =%2=Z control CHH| 50% X &350
maltodextrinoll M &35}0{ table-top sweetener =AU S.
O 8, g-NHDC 2t bulk#o| =X (Sucrose) 2M& Z&2Z control CHH| 30% X 25}Hod

(=]
=

maltodextrinoll &350 table—top sweetener ZHE2 S (Table 1-78).

Table 1-78. Table—top sweetener X Z=8t 2| A| |

A7+ Sample (ratio) AEr 100%/100g 71&
0% Control e 100g
509% Aer+g-nhdc+reb A el 50g + g-NHDC 0.127g Maltodextrin
° (5: 1.5: 3.5) + reb A 0.151g 49.721g
AEr+g-nhdc JE} _ Maltodextrin
30% = 0(7:3) et 70g + g-NHDC 0.254g 29.74bg
O AMRE Tt 92 Maltodextrint ZO|22ES mixerdl =11 Mixer 1&HA 40X =21, A
2ol ZolM HZ o] 2o, B AR M3 2 2.89-3.290I%U 3.
O a4t gotste AlY FH|e tle 22 240%0|M 1022 ofZstr, A 240 58 2 220
A4S Y 252F0 3 H FHES Fo| EAE UHES. S AR 32 MBSIHS

5.5. AR 7| X A UHE

O 2E 2H|XE 3Z29| table-top sweetener A|Z 2} Al#ts mWII5IHS. 3Z5 table—top sweetener]
9|

Yot =M FAfLEez Fstol MSSIRS. stk AlRE "Hotet = ohkE AR "ItEke
o
=

o]
o

xol iop 2t

A

rs

y = E! EJ‘\I-zDI-

O 2HIAE ARE B2 &= AR deEtHel 7|5k, oS oSt 22, ¢
=2 L
=



79 AA

[

[

Atolof|

=
il

ol A2t Al

9

H Al

g MBS

o Wy B ol & o g
< R X o R’ ol D :
: i 1 LT I
ol o< 3o ) ; . o0
3 ofu 11 Sl8¥ 8 o I 5 8 = |_Ar_| 53 H
M % o o}l S|l = 8§ ® = ¥ S o) o
— ;oo T = H Tlo o @ o o o oS pal 1]
o A= R N = < - -
o N - o\ H o
| = g - RO
N <o W o 2 e o
I ol o H ol 218 2T 8 828 8 or o g
w | R e 2e o 8 O = o ol K K
>l _ % B3 ol N0 od S|lS @ © 8§ o o © Mo H
S ol S = o, _ N - o ©o = o < - .__u._ %0
oom % 2 4 IR
of 51 B < oln ) _|.__..o_ m.__”_ U ROl
e O ol LTI N H*IM w3
kS Hom g R 78 w9
2 N9 L S € 19
0 iy e I M . r o K
- ol ol o) T LH i [
= oo g ol 0 = u AR N TR
a5 - B 5 ~ ¥ 2 N &l © < 2
Eo_m <o & S T g N W o M L —w 2T
.| o 1o} [m] (6] 1
g s5g 5 ERD L HEEE Lz el gl
L - 1| 1 0T
2 W o © _.._,__ — "o L l=l= (R ORI m_L K KH [l > 8
5 W £ LN A m o g W Bz O
O P ow N L R " K LR "o o3
Lo N % g Koo o = o ol o oo O g
O ol = D = Ny = 3 v ° Kk g 2
s ol 3 Z < ) I r I = Hd RO
o T T2 g Bowo D3 . o WgElg
£ 2E 0y, gdng oW 2w maRRY
< = <R O N o - VN »
3 e S iof oW X 5 of TR, o
e W = U 8 U N~ g 3 S
o ol OF © = > oo 2 Al oo < 9 3
3 — — w a7 ol & ol = = * — 0 K =g O w
=~ ol = -~ U oK * ol Bl
S T p o LR 3 * 5 W@t
- a8 g LR E oy = I T
© a () | ol 02 o] o (%) oK sk T
2 H =  ® T ™o _ M S D - Q
of - = © B o L@
o] < - o = N v [0) _.T_ _.T_
© "3 - SRR G S Hhpge
M < ko oK N Q Iof m_m 1% ] _%_M ‘_P‘_ o A c
S 0 c W 4 e REST 2 B * e " mwgyu
= o o_g H = ] | T | < ~ ey | ol . O ~O
o B3 3 r r(l ) ol i) o =
& mw omy T 3 mAL2Y o = s M= Sy«
2o FS 0 o< [ = < — ~ 2 ™~ M © PR
= = r o —_ - < DK I o, - u -
T X o T O op ™ 8. . R [=) o - . Ko - + o< ool
(ST < Wo @ B3 U ¢ " 0] & ol 2 A n_w_ o H < 2 &
s O O v w O = - s O OO

_98_



WIS aw wggs agAdgwgs e 3R ag
P-value 0.138 0.166  0.000"" 0.814 0167 0416 0011
control 6.5+1.4 6.4+t15  6.2+1.3° 4.9+1.8 1.7+1.1  22+18  6.0+1.4°
suctgrnhde g3:14  64%13  55:16° 4.8+1.6 21418 2.1+17 5315
suctg-nhdc  6.0:16  60+15 50%1.8 46419 2.242.0 25%19 52t1.4°
) gol2E 0.05 2FIH $oIA Alol7t i A9 Re N2 BAHAS
2) 715E % 540 Hagt HOze the e BAYS
5.7.3. SHF Aot AR Zo| Hrtsts MUMNel 7|3 Yo EEEA o
O 2t NEol MUt 7|3 & zhel Rolx xj0|& HE5| sl ABLMBRES O|8F ZAEMS
HAlSIRlen O A= Table 1-812F €5, O 23, Al=zho| MUY J|ax ®2[Hel Xfto|7t

EtLEX]
Table 1-81. SgF A1 AR Zo| "Ilst= MEHAel 7[5 %
P-value 0.226
Control + Alut 6.6+1.4
suc+g-nhdc+reb A 6.3x1.4
suc+g-nhdc 6.2+1.4
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. d 2M5 AF77|3 (MSoistn)

[MAtHAE

1. HO|2F &[S o

ol
o
2l

T 1ZiojE NHDC Z&Oo[A 7He

11. 8 k=1

F>
a
N
1]
rx
nE
o
o
ro

4

M =2 gy

]]'_?E

mo
>

1.1.1.

e

by

O MeiMo=z mof== cyclodextrin glycosyltransferase(CGTase)?!  Toruzyme® (Novozyme)
maltogenic amylase (Sigma Aldrich)el =4 2&2} a-cyclodextrin(CD), B-CD, maltotriose, rice
starch (ZEZH)e| 7| 455 EHMSI4 NHDC YHOIME E8dez e = Ues 24 2 J|EHE
Mg

O 248k82 55TOoAM MASIF I, 10% ethanolg Z&$EH 10mM sodium citrate bufferg 0| &350

22t 1, 3, 6, 24, 48, 72 Azt S¢t BtE35101 NHDC ZMolA el &M FOo|E =Atgh
O=x g Al 7|12 &F 2 7|Zof| wE NHDC Y™olx MEM Z=Al= NHDC 3%2t 5%, a-CD, B
-CD % rice starch 1%2t 2% E AtEstil, 40ml Br3MHol| CHSH0{ Toruzyme % maltogenic amylase
= 2

60ulE AtSe. Eot 2ago| wE oA dEd 5t7| flol M= CGTaseE 581 At&3sto &

H o

o 4
El

O NHDC g#Holxle| HZE2 HPLC-PAD system(Waters 2695, PDA detector)& AREst1, columne
J'sphere  ODS-H80(YMC), UV 280nmollAl HAZEg. &= acetonitrile(ACN)Z 10mM  HzPO,E
TmL/minEE2 AIE35IE 1D, ACN =2 0-2min 20%, 3minoll 25%, 13minoll 30%, 14minol 100%
2 x=ZHsoto] ME Ch2 NHDC HEOIHE DskoAME 2882z E2led + AU dExdE &

2|
=

on

!

1.1.2. A& 1t

O CGTase ¥ maltogenic anylaseE 0| &St NHDC ZXolx| &4

= Figure II-10f LtEHF HERF 20| 3% NHDC % 1% o-CDE 7|&Z st¥ 2 W NHDCel Y™OolA
°oF 63 MAMEZS & £ UAS0{, 0|F NHDC} 7+ 712 LiEtH= GXOolx 7 FE &4
HE 72MZI7HX| HHE B XEHE TUEE & 7+ US.

=
™  maltosyl unit® NHDCOl FItgt ZHezZ MZEQJE  maltogenic amylase2| &
|

2o o

maltotriose, B-CD & N™ME S92 7|&E 2 AtE5t0] 72A|ZF BESAIZ S dol= ™5 ZHOlA
ASHX| e A2 LiEFE(Figure 11-2). m2tM &% A7= Toruzymes 0/ &% NHDC &
Ol MEtMs 9= ~E
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MHDC
2.0

Al

— 5844

am] 24h

7 e
1 ey

o0 [

300w 4E‘h

160
S 1211 I ——
0] 72h

200+

1,004

a0g -
2D 4100 B 2,00 000 1308 14.00 800
Bl

Figure II—1. Transglycoslation profile of NHDC using CGTase at 0, 24, 48 and 72h reaction.

:m] Maltotriose
] 3
1.00] ] -
5 2
2 f )
=  B-CD
3 F
1.0m] E E
Ll o)
2 ! - - -
] Starch
i:.-.:.
T = g =3
- : !
i _uJ.u ;. ﬁ‘l g .:'l.l . "a.t T =
200 a0 1 500 1o o 1404 18.00
[N
Figure I1—-2. Transglycoslation of NHDC using maltogenic amylase with various substrates after

72h reaction.
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O CGTase ¥ EAUISA|ZE 7|2l 5E2} H|g, E4/7|2 29 |80 = NHDC HXO|AM ol AA
= q-CD, B-CD % rice starch % Z|&of| = CGTase2l NHDC EXolx MM Figure 11-30]
LIEFH . M /72 7|2 2FoM 452 F= MO} MEMEIS & £+ Ao J|=of w2t

o oA 44 e =3y ch=2AH LEH.

» TS5 MMEE peak a2l EMOIXME 7| sk F S AlZtO] &

Z2
-CD7t cta =2 HERR2L (Table [1-1), kgQ 7HHo| XME et S=ate| &4

o= o-CD <F
2002, B-CD 2F 150 Eed2 ZotstH MES 7|EE AlSsts A2 74 Zd=o| g0 of
F HAY. w2t MES glucose S0XZE ot0d NHDC YOl MetMdes SXsts =4S =
25t g% dAFo &38s5ts WS LA E DT
:*:lu- a-CD
.\::lu-
g 2"
1004
a00-
2004 B_CD
= 2004
:u:ll:l:
200 Starch
= 2004
Filig
i~ e — e -'r'-'_' | “
-':'Il il = 208 4. O3 8.
Figure 11-3. Transglycoslation of NHDC using CGTase with various substrates at 72h reaction.
= NHDC2} glucose 30| H|=Z0|| 2 NHDC EZXO|x| MEAM profile® Figure |l—40i LIEF . Of

M A7 HIIE HIEf2ZE glucose 20{HM 2] sE= NHDCsEECH S 3k, NHDC2b glucose

ZoAol vlge MEE B U N I BBsE
2 7435 27 31 7180l =& o-CD, B-CD ¥ 4FEo|
2 o NHDC Szof wah Zwolde 4ol RelNoz 5
~CD, B-CD ¥ M| ol 28i2 Z7t=0lE RolHel Frts
e ® +Z02 [ASCIH % wSo|A Sl NHDCE glucose BOIA ol 8|22 ZHA

of rjz 1 MER AXMSI= Z4o| MASICID AIREYS.
o = o A —/

- |1|

e A2 LEHE. o2k
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R i e e e e e I s T S A

Figure I1-4. Transglycoslation of NHDC wusing CGTase with different substrates and

concentrations(ratios) at 72h reaction. From top to bottom: NHDC : glucose donor =3:1,

5:1, 5:2. Glucose donor: A. a—CD; B. B-CD; C. rice starch.

O CGTase2t 7|&2| H|Eof| E NHDC 0|42l ¥d

3:2,

. 292l CGTase®t 7|& Q2 NHDC F=2x|, glucose 3032 HIES 2|5 HIES AIFHE M &
Hlg0| X2 4

k=2

2o ZI7H= NHDC ol 242 33| S7tAE(Table 11- 1), 53] 529
_?_

1),

glucose S0{A 2| 2F I EHHOIJHI MotMdol| Hd&Z o|xX| Zst¥ 2Lk (Figure 11-4, Table Il-
E4 H[E0| 37t 2 glucose 30l St Al HH0[A 2 MetMo| XS SItst= A
o2 LiEt.
O NHDC Y7Hol|A MM Metg 60%2 E44ts =749 =2
= 2lo| Cletst g HH2 T=ZHOZEE NHDC 10%2F 2t2t a—CD, B-CD % rice starch 3% S M&
ot HESOH 40ml ZF 300ulel Toruzymeg H7tstod 72A[Zt Hr3st¥E of 2+2k 59.9, 61.0 &
I

MEMBS Yol B8N0 MEN TS Y.

Table 11-1. Conversion rate of NHDC (5%) to glycosylated NHDCs using CGTase with different

enzyme substrate ratio at 48h reaction.

Conversion rate (%)

Tor(‘tzl-‘)yme 0-CD (%) B-CD (%) Rice starch (%)
| 2 | 2 1 2
60 31.67 33.57 32.62 33.86 30.33 32.46
300 32.22 37.02 30.91 35.64 28.58 39.65

1.2. Preparative HPLCE 0|28t % NHDC ZZ#O[A 22|, AN =z &g

1.2.1. AF4Y

O NHDC®2t a-CD2| CGTase &4 U=z
2 EElsty| 25t 80TCoAM Hsz5F8H

0|| -||I
) I
il
02
?

HDC EZloldlel e&8Xel Z2[dH =¢

of z}st ? recycling preparative HPLC (LC-Forte,

YMC Inc., Japan) & YMC-Actus Cig column (20 X 500 mm, YMC Inc., Japan)S AlE35l0{ &

2|gt. o|SA2 28% acetonitrile® isocratic 2ZEZ 30 mL/mine F&2=2 ALE35I0{ UV

o =1 —

oM Hd&e FR=E 228 sZA=xst = 47| Waters 2695 HPLC 2 PDA detectorg
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1.2.2. d7& 1t

O Figure I-5A A=zZotleazol| LIEF viel ZHo| & #HM cycledlA peak b2l d& 22|35t 20,
Figure 11-4B2l & tHx cycledlM peak aE 7|Z& 2l NHDC2t 22|50 =& 2ME. FeldA =
a, b, d peake| =E= 22} 99.06, 99.35 2 98.84%%F 204 0| LC—MS% olgst +x= sHES

et AlRZ ALEE

B ConsoR g all ﬂ"-:”

BCURSOR ALL ﬂ:\'l

kil | i
B -
| -
i i ) ] :
Ifl B | NHDC | -
| y | . p—
sy |I: 2 ia |
|||'. <] e -
- Il \ \ fl \
Ak, ! | -
P - b B SN W N T\ N N
! | — Y — . — * 3
L 0m - il - LT o -

Figure II=5. Recycling preparative HPLC chromatogram of CGTase reaction solution of NHDC and
a—-CD. First(A) and second(B) cycle, respectively.

- 104 -



1.3. LC-MSE& 0|&%t NHDC ZEZTo[A el = =3
1.3.1. o7 4HY

O NHDC YH™olxle| sX2 LCsystem(Ultimate 3000 RS system (Thermo fisher scientific Inc.)&
AEE BMEZ= 0.1% formic acidE EZ &8st ACNE  0.2mL/mine| RESZ AIBE. AlRs
columng AREstX] 2 AF FUsU20f LTQ(Thermo fisher scientific Inc.)& At&35t0d
electrospray ionization A2 ZXIZEFS 2AMSI¥ 1L source voltage= 3.5kV, negative modeE
X Z35t0{ 100~2000m/z W2l E full scang.

1.3.2. d7& 1t

O NHDC % o|e| a-CD2t CGTase &£ S ¥ preparative HPLCE At&35t0d E2|dA s = YHO|
= & 332 LC-MS chromatogram2 Figure |I-60| LtEF . EX}2Fo| 6122 NHDC= negative
modeZ &A5t04 EAtEO| 1 ZAE m/z 6110 F T 3IZ LIENGSH, m/z 122321 o &2t
183421 MEHET 2 EXsts W22 Eel(Figure 11-6A). S0l o=z ThakA, ofZFA 2 A2k
25 ZXAE 362 adductZt EXfsts AR UEIGCD ol Mok Al BILE & S22 ALRE.
of 2% taliM= &% AFE fIslo] 0|2 24 S FIIE T A=,

O CGTase Y%o| gt32e| FAE2l peak a(Figure II-6A insert)?| LC-MS spectras FE peak?}
m/z 773.8 % oO|o +360| Z L}EI} glucose B EAFZF NHDCol F7iHEl Heflz2 LiEtGony,
NHDCo| ZX{st= glucose moietydll CGTase2l F HtS¢l a-1,48ElE glucose & ZA7I FIHEl
SEf (+162)2 ALZE (Figure |1 -6B).

O CGTase H©Xo| gFge| &2 T peak b(Figure 11-6A insert)2| LC-MS spectrae= FE peak7}
m/z 935.6 ¥ Ofofl +362 EAIZS 7tX|= m/z 9912 LIEIGSn|, CGTase Btsoll 2olal 22Xt2|
glucose & maltose 7} NHDC2| glucose moietyoll FI7t=l 2Z =2 AtZE(Figure [1-6C). O]
chromatogram0olM m/z 773.8 peakZ} AEtS| FA LIEF Z42 jonization voltageoll 2|5 L&
glucose et EAt7t HoiH L7t MZI Zs=2| peak®Z 014 & m2tA m/z 935.62| peakO| A
Moz M LIiEtt Zd2 ole M=o 2all=0 m/z 773.82 LIEHF ZHolM Tl

O CGTase Yxo| vb3e| FAEQl peak c(Figure [I1-6A insert)2| LC-MS spectras FE peak?}
m/z 773.8 & o|o| +362 EXtEFS 7tX= m/z 8092 LIEI} glucose eF EALZ7F NHDCoO| §7t=
=222 LB, CGTasew T Ht3¢2 a-1,48Efe| &Xo| &= Of2fof a-1,3EfS| MES 2T T
Es Aoz ¢ U2n, w2lM peak d= NHDCE| glucose moietyoll a—1,32 glucose st X
71 2ot=l 222 AEE (Figure 11-6D).

O Peak a, b, dol T=of st HE2 NHDC % o-CD2| CGTase &¥™o| HISEo| exo type2l
amylase®! glucoamylaseE Xx{2/5t0f AMA[E. GlucoamylaseX{2|l ¥ glucose peak boll o[
maltosyl unit& e &=At2| glucose= HF & woll |0 peak b AT A= peak a7t &S
E7tE gt peak deo|l A Bt gle HE Sl flolM SHE 2t EXte] =71 A S5 E (Figure

11-7).

il

N

ol

==}

ey

Hr

- 105 -



X i TR s e B L I TIET =

_H_d_,_.l'i-l_ﬁ_J'l LI

L

\ H . " 'l“ R

F T "~ R T = =i~ T i e T

Figure 11-6. LC/MS spectra of NHDC(A) and glycosylated NHDC peak a(B), peak b(C) and peak
d(D) of the inserted chromatogram in A.
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Figure 11-7. HPLC chromatogram of CGTase treated 10% NHDC and 3% rice starch solution.

Before(top) and after(bottom) glycoamylase treatment, respectively.
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[2APA =]

1. NHDC & ool A4t

34 =H3}

+2| NHDC

, HEsd

cyclodextrin  glycosyltransferase(CGTase)?l

olstEry 4 24

ol

gHold & M+ HolE FEF MY

Toruzyme®

(Novozyme

, B—CD, rice starch(¥

) a
lZH)o| 7|2 3Z2 EA5l0f NHDC HZXo|dE 2882

B o 5 ‘RA'E 7|2g ddEh

O 4N HhS2 55TCoAl AAISIH D, 10% ethanolE Z &St 10mM sodium citrate buffer (pH 6)&
0|83t 72 AlZF SoF BESSHHAM NHDC Y™Oo|A el &M Fo|E =Afg

O g8 Al 7|12 &7 % 7|Zofl w2 NHDC gXolxl 48tM Z=Ak= NHDC 3%2 5%, a-CD, B-CD
2 rice starch 1%2} 2% S AFE5H, 40ml 2FHES Yol CHSH0d Toruzyme 60ulE AtEE

O NHDC Y#™o|x el HES HPLC-PAD system(Waters 2695, PDA detector)& AF3StL, columne
J'sphere ODS-H80(YMC), UV 280nmollAM ZHZEgH &of= acetonitrile(ACN)Z 10mM Hi;PO,E
TmML/MInEEZ2 A3 12, ACN SEE 0-2min 20%, 3minol 25%, 13minoll 30%, 14minol

100%2 ZHSH| MME cf2f NHDC EHOolME a8Xxcz A&

1.1.2. d7&2

-

NHDC &
MBM g0l JHE =2

Jul
Al
o

O Toruzyme % &
2. ol & gHol
1-(4-((2-0-[6-Deo
glucopyranosyl)oxy)—2,6-di
(glycosyl-NHDC)& /& H&tg

17071 o-1,4 ZE22 Ho|=
—-(4-0-a-D-glucopyranosyl]

=

xy—a-L-mannopyra
hydroxyphenyl)-3-
MA o2z MZE. ol
XMool tHEr AEA™ amyloglucosidase X2l 2
Afeix o2 0|5EHA

IR0l M= A EHA Al

o Ho

+82 A
EM0| 1Y E2 Hoz oAU

X0l NHDCe| 7=+

T
O
(@)
p 1z}
0>
o
0z
2
]
>
il
Kl
I
b
1]

2 MAE

Old= 2F 63020 1xAxo F=xIF 8
Mol A 2l
S -4-D-
3-hydroxy—4-methoxyphenyl]-1-propanone
T80| 7t& =

It

0 OH OMe

g o -]

L on

Me |

Me 70 1 OH Hoﬁ/ OH O

HO OH O HO oy

HO oH

NHDC Glycosylated NHDC

1-(4-((2-O-[6-Deoxy-a-L-mannopyranosyl]-B-

D-glucopyranosyl)oxy)-2,6-dihydroxyphenyl)-

3-[3-hydroxy-4-methoxyphenyl]-1-propanone

1-(4-((2-O-[6-Deoxy-a-L-mannopyranosyl]-(4-O-
a-D-glucopyranosyl]-g-D-glucopyranosyl)oxy)-
2,6-dihydroxyphenyl)-3-[3-hydroxy-4-
methoxyphenyl]-1-propanone

Figure 11-8. Structure of NHDC and glycosylated NHDC
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1.2. M 20|82 =2 HHst 4y =4 &8 2 tfF dedS fle 2 Xt Ygd 38 scale-up

O 1A E AFZZRE MPXo=z mhl=l= 2492 cyclodextrin glycosyltransferase (CGTase)?!
Toruzyme® (Novozyme), maltogenic amylase, transglucosidase?t 7|& 2 a-cyclodextrin(CD), B
-CD, rice starch(2&H)2| 7|& 35S BMst| 24 ¢ J7|&2S MEE

O et2e 55ColA 10% ethanol2 =&t M sodium citrate buffer& 0|&35t0{ pH 60ilAl ZtZf
72A12F S¢oF Bhg5t0{ NHDC 20| 2| E“éi FO|E ZALEL

O g8 Al 71" 57 ¢ 7|™of wE NHDC ZMolxl 4erd =Al
a—-CD, B-CD % rice starch 1%, 2%, 3%E AIE5tL, 40ml tt

r&"
—_—
O

= NHDC 3%, 5%, 10%0l Cis}tod
Ht=2oHoj| Cff5+01 Toruzyme 60 HE+&=

300ulE ALSE

QO Toruzyme t'._F% $ pHE 52 &1 amyloglucosidaseE 2fZt 50uL % 100uL ®7tsto 5A|ZE dt
2oto] Al =M M nZo|z 2ol ZAS ZAte.

O NHDC %”‘10|X4I°I HAEES HPLC-PAD system(Waters 2695, PDA detector)& AF23StL, columne

J'sphere ODS-HB80(YMC), UV 280nmoilA HZ&. 0= acetonitrile(ACN)Z} 10mM H3PO,E
TmL/minE T2 AF259E 10, ACN SE& 0-2min 20%, 3minoll 25%, 13minoll 30%, 14—16mino|
100% 2 =&stol MME= cl=9o NHDC HMO|AME IsToHME 28502 2|8 = Ues BE

x7{=2

paf it 1§

)

i
Jor
u&l-

1.2.2. A7A@D

O NHDC®t glucose 304 H|gof| wZ NHDC Z™O|A MM profile2 Figure [1-90f LtEHH. o™
A7 ZIE HIESZ glucose 80dA 2] == NHDCsTZECt @A sk, NHDCLF glucose &0
Mol Hgs MYE &% U FH 3™ &8sts Aol JISsHES NHDC sEE5 10% =2 It
H = st 7|&0| == a-CD, B-CD ¥ #HESl LS 3%7HX| E7l6t04 Hg2 ZHelstis o,
NHDCS| &2 5%, MEg 1, 2% 7|ZE A8 s o 22t 18.6, 39.7% MAME Zio| H|5t0d

55.6%2| NHDCZ} glycosyl NHDCZ HMet=|3lS.
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Figure 11-9. HPLC chromatograms of a reaction solution of NHDC 5% with starch 1 and 2%,
NHDC 10% with starch 3% for 48hrs (from top to bottom).

O d7dnzEe MUMoz mofzl= 242 Toruzyme® (Novozyme), maltogenic amylase (Sigma
aldrich), transglucosidase (megazyme)®@t 7|22 a-CD, B-CD, rice starch(2ZH)2e| 7|& 35
EMSI0d NHDC YXMOME Z8dez gdEe = Ues 22 F 7|22 718 B2 glycosylated

= [
NHDCE MM 3t= Toruzyme® ¥ 7tAX o=z AMao| Us UMES 7|22 MHSIUS.
P C =

O flof ctefst aAEL8xZ1222E NHDC 10%2t 22t o-CD, B-CD ¥ rice starch 3%ES M&stn
A A scale@! 2FHSH 40ml & 300ule| ToruzymeS H7I5t0{ 72A|12F S35 S W NHDCZFE
Zt7t 59.9, 61.0 & 58.62| glycosyl NHDCS| dMEEZ ol 288 datMd =242 =g

O ESH, Toruzyme Hhg = cif=el Z Lol MolEl NHDC XMO[HMo XX S Z amyloglucosidase

£ HUlsto] Al &M tiah nZo|ZQl glycosyl NHDCZ2| Metg FFsld o], el ZZRo|

2l =[S (Figure 11-10)

20| 40mL ==2| AEA scaledlM NHDCZ5E glycosyl NHDCZ2| AshM
1000mL, 2000mLZ CHAMCS=Z FTIHAZ =EBEH2SZ 40mLel 1008l

419 gt Mot sXHE =263, Figure II-11& 4L 8™ L2 25 HiE MAEl HE
2 5

J=otEOo|o], =82 22 59.3 & 57.8%=2 40mL F&F2| EISE=nt RAIE £

=

=
o
z
b
ol
FA
[l
o
ot

A

o

e m o ju

L=)
= -
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NHDC 10%, Starch 3%, 48h

] NHDC-G 28%f| - NHDC
£
E:ucé 12%
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Wrees
Figure [1-10. Increase of glycosyl NHDC using consecutive treatments of CGTase and
amyloglucosidase. Top and bottom: before and after amyloglucosidase treatment
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Figure 1I-11. Chromatograms of 4L reaction solutions of consecutive treatments of CGTase

(72hr) and amyloglucosidase (5hr).
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1.3. 2sE7}, in vitro 58 ¥ 7|54

0K
AN
i

gt g M=

Ju]

1.3.1. 74 3 Aot

O 1xtdEzo] = Sd2 ¢l el NHDC Yool s&xel 2eldA= 80TOlA recycling
preparative HPLC (LC-Forte, YMC Inc., Japan) % YMC-Actus Cis column (20 X 500 mm,
YMC Inc., Japan)& At&stod 2z2/&. Ol 28% acetonitriles isocratic Z=2Z 30 mL/min<
FEHE22Z AMESI0d UV 280 nmollM A THE 2Eg sZd=xs A7 Waters 2695
HPLC ¥ PDA detectorE 0|85l ==& =telel

1AMA ol AF8SH LC Forte/RE 0|85+01 ODS-AQ XM Z Recycleg Sl 22lst A9 ZAIZH
recycleO| ERsto{, AlZF & Zof A0l of? =of A FH| & ™A =Hs =X 355H0

23] M= x5

ZHH|= YMC K-Prep LAB 300GE AtEst3 2 YMC DAU column packed with YMC Triart
C18 GEL (10um) (50mmi.d. X 400mm), %UHE 5% Acetonitrile in water isocratic(23~25C)2
2 90mL/mine] FE22 ALESIS. FUH2 30mLAL2H HE2 UV 21Onm01|/\‘| AESIUZ.
=L ads
Folo] SZEA=xSIU2H, ZXPE Mz F7h2 2ot A, =& = 99 %OIA—°—

o
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Figure I1-12. Fractions collected from preparative HPLC. Top: Fractions collected from the first

elution, middle: Fraction 3 collected from the first elution, bottom: Fraction 2 collected from the
second elution.
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1.

O O

4. NHDC EZolA ol of=tetx £

/L-l

HI

o 4>
o ol
ol

(@)

i =+ Benavente—Garci'a (2001, J Agric. Food Chem. 2001, 49, 189-191)2| S
{1 S8g 2o|l2se 2EE 20C2 #XlotHAM, 582t WHSH = spectrometer (UV-1800,
Shimadzu Inc., Kyoto, Japan)& 0|&3t0{ 660nmolA SHE M e

“x EM2 differential scanning calorimeter (DSC4000, Perkin—elmer)& Al&35t0{ EH5IUS.
LiE A, LM i eZta| 2 sodium acetate buffer pH3, tris-NaOH pH7, glycine-NaOH pH10
o 0.1% glycosyl NHDCE &afiAlZ|11, o|d=2 MAEES MalistAt 0.02% sodium azideE &7t
5t &. Ol& 20C % e60TCol XMZESHHAM 147t FFst= 242 HPLCE 0|35t EH51US.
HPLC= HPLC-PAD system(Waters 2695, PDA detector)& AFStL, columne J'sphere
ODS-H80(YMC), UV 280nmollA HAZETF. &0f= acetonitriiezt 10mM Hz;PO,E 1mlL/min RE2Z
AFE3I¥ 1, acetonitrile SEE 0-2min 20%, 3minol 25%, 13minoll 30%, 14-16minoll 100% 2

ZHsto] ddE o2l NHDC YH0IME L3EoME g8XMez e 5 s HExde =
=2

ok

=]

1.4.2. A3z}

T8sl= ZIt= Figure 11-130f LENHAZ. X 22 gpectrophotometerE 0/ 8% SHE &H

M= SHT 1 OlstilA ZEWUES Oo|FActl Hmeksied, ST 1 oMY mf =X 21

suspension YEfe| HR{=0| EMst= H=E HotE ol J|EES HE8StH, NHDC= <

0.02g/10mLI7t&e| sl =& 7tX|X NHDC-G= 6g/10mL O] &te|
A =

o, &dolE &afl &t Hol=z2

NHD( Glycosyl NHDC

Figure 11-13. Water solubility of NHDC and glycosyl NHDC (absorbance at 660nm)

O

dxy E4
= NHDC2} glycosyl NHDC2| €& EAM<E2 Table II1-20 LIEIAS. & HAM A|ZF 2E = glycosyl

NHDCZF NHDColl Hlsl <f 3T7tE #2 AE & &+ UL, SE=2

Im

Table II-2.Thermal properties of NHDC and glycosyl NHDC.

To Tpp Tc Delta H Tc-To
Glycosyl NHDC 64.7+£0.2 70.9+£0.2 79.4+£0.2 32.6+£1.7 14.8+0.4
NHDC 67.5£0.2 75.6+0.7 90.1+£0.2 54.4+0.2 22.6+£0.4
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O ey, oty ezl

Glycosyl NHDCS| &M, Lfakd | LHUYZa[MdES Figure I1-140 LIEIAAS. 20CHAZE Al pH 3
olM 2F2ZF glycosyl NHDC= &ali=lXx| 211 2ol RAIEHULLE, pH 70lM= 2F XE Al
26.4%7F 2l =AS. pH 100M= HZE 12 Oil 52.9%7t 2afi=len ME 3Yol= 90%7t &
= AS 60TCHAM HMZ Al pH 30 = XMZ 1ol 10%7F Bl =gt HE 257+ #EHgL0]
FXEHen], pH 7= ME 1o 28.7%7F ol fA2{ ol HXI ol =0 2—r01|—
57.1%7F 23l= 2. pH 100IM= MZ 120l 80% o|ato] Esi= A2 6ol Hel &
MERs. A7 AuZEE glycosyl NHDCE= LZtzlof off F kst oz cia $I9F?_F Zd
2 LiEGen], o|e} &2 ta2 TJ[ZQl NHDCet e FASIUS. LZtzlof 2

NHDC &all 242 Figure |I-150 L{EHH Zdm}p ZHO|, X=7[0fl= retention timeO| %2 ZlgAMel
220| Bo| M=z Hez Ho|I, =2 Z+5 XMolE o]l o{d Lo &M =2

|

=13
Ls o
MA MMzl= ZHdoz o7,

=

Figure 11-14. Resistance to heat, acid and alkali at 20C(top) and 60T (bottom).
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Figure 1I-15. HPLC chromatograms of glycosyl NHDC dissolved in glycine NaOH buffer pH 10
stored at 20C for 0, 1 and 14 days (from top to bottom).
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[BAHA L]

t

fon

1. IU A2REFH d3He] &, NHDC M= & X 38 =A

1.1.

H
=

A 2R E2HE| NHDC ®M7A £& X35
1.1.1. 0l € o|&%t NHDC ®TA U235 AHzZ|E (heohesperidin) & L2l Zl(naringin) £& X3}

O M=
» J|EL HAFAM Y28 AnelH 2 oL XSS (Citrus grandis
Osbeck)e| o|=3l= 20214 9gd| MFLolAM F==st AS TSI ALSSIUS. S FA 0|1}
o]

of HEE2 MA = SZZZT F blenderE 0/&3510{ L35t 35 mesh EEME SAIA Al

ru
S
1o
gt
I
o
HiT
rlo
N
[o}
HU

(o]
o
A

Il

22 Zd|gh F=of| o|l2= 99.9% ethyl alcohol2 Daejung chemicals & Materials Co.
(Siheung, Korea)2| ZHE AIEE.
O od7tekH
" H._F%ﬁ

FH 24 (Response surface methodology, RSM) ZlZlof a2} F&gofe| o BkE &HEHX1)
FEANZHX2)2 22022 5t 2292 5E ISAFMBSEHA =N w2t FEHS =T
(Table 11-3). F&EHS BEMst A|R 0.5 g2 40 mLel F& B2z =5TAMAHT| (Bransonic
series CPX-8800H, Branson Co.,USA)S 0|&3t0 50CHA F& =
filterS O|&5t0d oSt en{, 25 dt=E F&3
» FEW Fo| Y laHelHnt L2l RIe] HE2 HPLC-PAD system(Waters 2695, PDA detector)
£ AREStD, column® J'sphere ODS-H80 (YMC), UV 280nmoilAM HES Sol= HEST
10mM H3PO,& 1mbL/min S22 ARSSIF L, HEE & 0-1 min 60%, OlF 20 mindl
35%, 22 mindl 100% =2 Z=Z&5}0 flavonoidsE E8HMoZE e|et = U= HE=HS =gah
0

» HISEHEME2 SAS software (Version 12.0, SAS institute Inc., Cary, NC, USA)S

a
A

0

g F& F 0.45um9 syringe

O A7z
- UISEW Mol wet £5H £5%0 Y esAHlE W L2IZ HTLS Table 11-30] Liet
4 zZolo| YosAmzlE ¥ LR gEe oetg Y U 55 2% el golxel ol

2 LEphon, 12 £E%0 SHZCR T Hoin YWSEWH BA AL Y DA 2k
Sa A R? ghe Y esamalgn LRld 242t 0.99 2 0.982 RolMo| 9IS (p<0.001,

Table 11-4).
- 2% uesAmEIE LiE BHEA 2D LA (inear), 0% (quadratic) Fatol BF
09.9%°| Mz4ZE olMoz RolsiRD, WAl U LT B o5 2ol A
0

T, OlEH2 ko Yxte X o|xteo| Rolgt Aoz LtEH-Hp<0.001), O] 2¢elol osi F&A 9
E l

o= o L—

& U slamelget LH2IF sto] Fofxel dekol ASS Y = AS(Table 11-5). 3| Foll o
gt ANOVAOIM = xtet & o[xfeto] 25 Fo|Moz LIEHGSH, U 26|AH2Ha Helxl =2
2 Fo[HolA ; = 4 =4

out, F& AlZtel 29 FoAM0IX ¥ A
=
m

2 LEfLL (p<0.05) =& AlZtol 2|5F JEECth= oEE T2 HEo| 2 = U

» U225 Am2lEnr LHRIE et oish oletE s 2 =& 2E9 olxXtE Ass 2F 29 WS
LIEFLHO] O] 52 =2 A Hel oM SItstetrt dast= OlAHy HaE Helg & 5+ US
(Figure 11-16).

» OEE SEE F HE 250 99.9% MEFFELE Feks o|H20{(Table 11-6), SFSHEHEAM

Aoz 28 U6 AmzH =HH2 OEE SI 80.39%, & AlZt 40198 FZ Al FOigk
3.84% =2 O F= A0, LIZA &2 79.15%0 A 38.222 FE Al 4.20%E MZ=HUZ. 0|2

FH OE=2S o|ET HsaHZH & LEX F&Eo XX =2 80% OIEESE2 AMESI0 40



Edle A2 EHEEHUZ. of =AM FEot DA FEU Y 25 AH2H & LHE
2 22 3.80% % 3.99% = o Zgtnt wAtet 22 LHEH (Table 11-7).

TOolA Flavonoidsel 2412 ¢let 8 EZ= dimehtyl sulfoxide, #+ &, methanol,
DMSO/methanol, ZX22| N, N-dimethyl formamide 0| AFZ=AS.

Table [1-3. Neohesperidin and naringin contents” in extracts of Dangyooja powder

Extraction conditions

Coded Actual Neohe(g/i))eridin Naringin (%)

EtOH (%) &rﬁs EtOH (%)  Time (min)
0 ~1.414 30 24.65 0.62 + 0.00 0.69 + 0.00
1.414 0 51.21 60 3.45 + 0.06 4.00 + 0.08
-1 1 15 85 3.49 + 0.03 4.04 + 0.03
-1 -1 15 35 1.61 +0.09 184 + 0.11
0 0 30 60 3.50 + 0.16 4.06 + 0.20
~1.414 0 8.79 60 3.39 + 0.01 3.93 + 0.01
1 -1 45 35 1.73 + 0.10 1.98 + 0.05
0 1.414 30 95.35 3.70 + 0.01 4.28 + 0.13
0 0 30 60 3.39 + 0.01 3.92 + 0.01
0 0 30 60 3.36 + 0.00 3.89 + 0.00
1 1 45 85 3.47 + 0.02 4.01 + 0.02
0 0 30 60 3.33 + 0.04 3.85 + 0.05

Y Means of duplicate.

Table |l -4. Analysis of variance of the regression parameters of the predicted response surface
quadratic models”

Neohesperidin Naringin
Regression DF
R? F P R? F P
Linear 2 0.77 237.25 * kK 0.73 111.37 * ok
Quadratic 2 0.22 69.27 kK 0.24 36.96 * kK
Cross product 1 0.00 0.07 NS 0.00 0.07 NS
Total Model 5 0.99 122.62 * oKk 0.98 59.35 * ok K

R represent significance at p<0.001. NS, not significant.
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Table I1-5. Regression coefficients of predicted quadratic polynomial models for responses”

R Neohesperidin Naringin
Intercept -3.328 -3.912 **
X1 0.031 0.032
Xy 0.163 0.193
XXy -0.000 -0.000
XXy -0.000 -0.000
XXz -0.001 -0.001

U «x and *** represent significance at p<0.01 and p<0.001, respectively.

2 X; and X, represent extraction concentration of ethanol (%) and time(min) of extraction
medium, respectively.
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Figure 11-16. Response surface and contour plots of neohesperidin and naringin contents in
extracts of Dangyooja powder
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Table I1-6. Analysis variance of the factors of the response surface”

F-value
Sample Factor
Neohesperidin Naringin
Dangyooja Ethanol 202.07*" 98.06™""
Time 2.70 0.87

D «xx represents significance at p<0.001.

Table II-7. Predicted and actual values for the maximum responses

Sample Response Ethanol (%) Time (min) Predicted Actual (%)
Dangyooja Neohesperidin 80.39 40.19 3.84 3.80+£0.01
Naringin 79.15 38.22 4.20 3.99+£0.01

1.1.2. 28 F& =AM IFUL 27 55 M7 &F =M

OMNMZE
» UM ZERE 2021 9" MF oA == 2RXE A (Hassaku, Citrus hassaku Hort. ex
Tanaka), &235t2(Natsumikan, Citrus natsudaidai Hayata), SAHYuzu, Citrus junos Sieb. ex
Tanaka), 22(Kumaquat, Citrus japonica) 5&2| o|x1tel A S MAE & SZAAHAXSINZ. o|F

blenderE 0| 235l0{ ELU5I5lT 35 mesh EZAE EIAF A|ZE Z=d|gh

O oA7ahH
= 2o AFoA M™E SoiE ol NHDCHTAM =™ F&F WHo=Z 559 I HI=2H
Hs|Amelt & H2lxls FE51US. 0.5g2 AlZol|l 40mLe| 80% OllEtES HItstol =St
M= 7|(Bransonic series CPX-8800H, Branson Co.,CT, USA)E Al&35t04 50COIAM 40872t F
5t0f HPLCZ HAESIYE 2.

Figure I1-17. Kumquat, yuzu, dangyooja, hssaku harvested in September, 2021 in Aewol, Jejudo,

Korea.
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FEM Zo| {5 AH 2| EH I LiZIFIe] HAE2 HPLC-PAD system(Waters 2695, PDA detector)
£ A3, columne J'sphere ODS-H80(YMC), UV 280nmolM HAEE. 2ol OeE=2nt
10mM HzPOE 1mL/min SE2 AI2S5IG Y, HEE 5sT& 0-1 min 60%, Ol 20 min 35%,

=
22 min 100%0l O|2E=& =H3}0{ flavonoidsE BEEXMLZ 2|8 = Y= HAExXHE =

kol
oot

O &y

» 2021 9o ot FUfM =2 R/ ol 552 Ao EXste Hs|AmelE 2 OLEA
2 Table 11-82t 5. U slAH2EH 2 A, A &3 i3 o2 =i, L}
2l 2 EA, GQRAL gastE =22 = LEE. RAe el LE R Y 238 A 2| T
2 &®stl AL F2oAMs e FE & HAE =AM HEL X LUS

» U279 flavonidsE & ZHAO0| o|Md=gh AefollM wEA M0 HE=of sdof w2t ™
A Haste A2 LM AF. oldel AF(Fol2h, 2000)0M ZRAtoM 9 = o|=1to|
H s Aot LIEE et 242 2,06 2 1.88% 2 HEtGend 2 AFoA= F& FAHF
S &35t0d oo Hlai =2 gtel 3.80 & 3.99%= LtEtH

» 2 AFoIM EE URA, BA HFZ5tE S22 SSEHEE AT MulEAHL HAESSE ALEE
= 427 R 20|22 0|& &85t0] NHDCe| MFHE FE5I0d &85t A2 MER AN
gE0| 7tsE.

» HAFZIERRH AR FF, FA7[of w2t NHDC YXolA M=E ¢t MFA<e Fnt A
of Eat & azlel ofd 20| oaEd wEt T A2SFEN M= = H7| == d27ISFUERE
FH MFHE FE5t= dots 4E 3¢

Table 11-8. Neohesperidin and naringin contents in the peel of unripe domestic citrus fruits.
Citrus fruit Neohesperidin(%) Naringin (%)
Dangyooja (Citrus grandis Osbeck) 3.80 £ 0.01 3.99 + 0.01
Natsumikan (Citrus natsudaidai Hayata) 1.22 £ 0.01 2.68 = 0.03

Hassaku (Citrus hassaku Hort. ex Tanaka) 2.13 £ 0.01 459 + 0.02
Yuzu (Citrus junos Sieb. ex Tanaka) 0.53 + 0.00 0.85 + 0.01

Kumquat (Citrus japonica) NDV ND

O

O:
[

= 202149 MF oM Muj=o{ 9ol === ERX} o|z2E Flsto] HAEZ Al
s ZSZAXSId 25T 35 mesh EFEAE EDAH AIZE FdH|gh  Shearzyme®
Plus(Novozyme), Pectinex®Ultra SP(Novozyme) % Viscozyme® (Novozyme) 3E2| AAX M7

H = —_ = (==
& Bl 248 AtEE

Tahe
1g2| ESAF Z7HRol 100mM citrate buffer pH5.02 20mL HJIst A MHMRE 2zl

® (Novozyme)E 20mL,

Shearzyme® Plus(Novozyme), Pectinex®Ultra SP(Novozyme), Viscozyme
50uL A7t & 40°COlAl 1, 3, 6, 24A|Z2F S BESAIZI = 1mLE |50 1027t |22

supernatants %5l S&2| ethanolZ &4 HES SZAIZ.

o
K

ZM Fo| 4 |AHZ|EHI LIRIZIel HE2 HPLC-PAD system(Waters 2695, PDA detector)
ALE3ID, column® J'sphere ODS-H80(YMC), UV 280nmollA HZEsH o= HEL2D}
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10mM HzPO4E TmlL/min SE2 ARSI, HEE S 0-1 min 60%, Ol 20 mindl 35%
ZF =A sk, 22 minoll 100%7F ==& Z=Z&5l0{ flavonoidsE 22Xz 2l&e £ Y= HE

= ERA 220 MREHEAE XElsiEe o 2EW Fo| Y amelgy ¥ oLEIx ek
Table [1-90 LIEIHAS. 352 &4 ZF 2442 82 Folls IS 0|28 =31 F&Hc}
o e do| Hsamz|e 2 vaixl st2Fg LIENAS. 2Lt Pectinex®Ultra SP2| & <o
= 1AZE B8 = FZMo=z | dAame|ld 2 L Xl 0| =otXl= HZ2 =elss
Viscozyme®2| AT 3A|ZF oll& Pectinex®Ultra SP2l FAtet ==o| aak2 LIE AS. oA

(o)

Table [1-9. Neohesperidin and naringin contents of unripe Dangyooja powder treated with various
commercial cellulytic enzyme.

Enzyme Flavonoid 1h 3h 6h 24h

Neohesperidin 6.36+£0.02 6.38+0.00 6.41+0.22 6.37+0.02
Pectinex®Ultra SP

Naringin 6.88+0.02 6.75+0.00 6.79+0.20 6.71+0.04
Neohesperidin 5.72+0.10 6.33+£0.09 6.25+0.02 6.33+0.01
Viscozyme®
Naringin 5.93+£0.13 6.65+0.08 6.58+0.02 6.65+0.03
Neohesperidin 1.52+0.15 2.10+£0.22 2.72+0.03 6.10+0.50
Shearzyme®Plus
Naringin 1.72+£0.17 2.15+0.22 3.06£0.04 6.72+0.49
Naringin | & Neohesperidin
1.00 ~ $
?': 0.50 :cc T
0.00 “‘,““““
5.00 10.00 15.00 20.00 25.00
Minutes
Figure 11-18. Representative chromatogram of naringin and neohesperidin in enzyme treated

dangyooja peel powder

1.2. NHDC M= 3% =

=3}
1.2.1. d7+4HH

O d2sAaHz|H 3g of 30mLe| 2N NaOHE 7t5t =0l ZA] Raney nickel 28% slurry(Sigma co.)
2 242k 0.1, 0.5, 1mL 7t5+04 24, 48 2 72A|ZF SoF BISA|7|T, =Z0ilE 0T3St & ice batholl A
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6N HCIE 0|&53l0 pH 6-72 MA{3| MY st Ast 20T HSAoM 724012 SoF ZH3EE &
. YolEl ZHe &4 & Whatman No. 1 0O{I4X|E 0| &35t0 ofntstl gt

3

TSU =50 2E Yot=| NHDC2| FAHE 2.

0.1, 0.5 & 1mLel Raney nickel slurryE F7}5t0q 48A|Zt7tX| BhS 3 48A12F HES ZAH 3o 4
= Z2EES T dYSHX| RIS, 72A|2E Sk HtE 3 72A1ZE SeF 20CoM HSSIUE E,
M AlZolM 2/$=E NHDC F2 ZtZt 2.67, 2.55 % 2.65022 Holje| ol ot Psk2 A2
T8 89%0 Z5tH 3.

NHDC M=zHe d2| ¢2{X U206, 25 Raney nickel2 AIE35IH S M 36A|ZF &Ze| S
2 98%2 788 ¥2 5957t S50 ULLHSFEHZ10-0771081-0000) & AHFolAM Raney
nickel 28% slurryE AtE8H 4% 80| olo o|x|X| ZStHZ.
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1.2, Y2 olg HA Mo

0

2 g ME=AL Z™stien] ot A ol Z™E.

1.2.1. Shandong Hua Xian, WWZ&7EAl
O 189544 MEl &= z[x9| AHH|of M JIs, =& A
O &7 589 234, stsXdeteMdo =& 29 &

O 2HH|o} ¥7t= Capa 10,000=/4H, M Z M4 Capa 600-700E /A

O gz, s, 83, tieh o|=, 2212 & 3070 =Z7+ ®of &

O RA MAF & BALZ2 5472 STV HEE ALS

O EaxelAHd[ob ¢17F 2008 Tof ¥ F=&(8t=, o|=, 2x, JfLicl SF §)
O 2aAelAHd|of MZEAl ALE &2 NovoZymesiit2|CGTase

1.2.2. Nanding Joyfulchem

(O Haigen Shandong Biological Technology Co., Ltde| =& ™ & s|A}

O RA97, RAB0O(SG95) (50%0|4&t) EAaXe| AH|H|oH30%), 7IEH20%) ol
O a4xMe| AHu|of MAZE/AZE 2508

O &axe| AHdoHtoiE| & (=W 50&(20%) /+Z200=(80%))

O &4zl AHd|ot & F7t H|E (0|= 80%, &= 15%, 7IEt =7t 5%).
O OEM #Alo| ¥itE Jts

1.2.3. Jining Aoxing Stevia

O Huaxian oflM 20004 =&

O ARA/3E 2% ¢ts XY

O 2AHd|ot MEZ 44 Capa 1,000/A

O RM/RD/RC/RA/STV/&A4X 2l AH|H|of Etoljdh,

O EHoljH|E: RA 60-70%, STVel 24X 2| AHH|ol 20-30%

O RA MAH 5 BEALE(STV 2 60%)2 E4KE| AHH|ol2 AR

O OEM Mt 7ts, #M &ax{2] 2HbB[oF AZF 2008 Yiuts

O a4x2l AHH|oF capa 200%, Al MAZF 60E

O gaxelAHdb|of & (5= 30%, 0l= 50%, 21T 20%, S=ol 20%)
O EaxelAHd[ot 16 52 AEFEIIM GBSSE olF jd15-20% MHZ F.

1.2.4. Shandong Shengxiangyuan Biotechnology

O RM/RD/RC/RA/STV/EAXE| AHH|o} Eofr,

O Tl H|E: RA 50%, TSG 27%, 24X 2| AH|H|o} 20%, STV 2%, RM 1%
A2 AHH[oF MAZF 5008 /42t

Mz| AHH|ot HojH|E: 5= 20%, T& 80%

sh=/YE 25%, 0|= 20%, S0l 20%, =& 10%

X2 AHH[of AEE A =712 CHA

=
TSGR F2| AlEOo|Lt, &% a2 AHH|oF DM E of &

b

2

O00O00O0
oot > o

=2 H oy B
L
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3.2. 28 AR FHESto] v S|
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0 E:r
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i (
Area %
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O
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il

T
2
T

i 30

Area %%
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Reb F 0.8
Reb C 5.13
Ducoside A 372
Rubusoside 237
Steviobioside 1.05

T BT A I

[REETE

CERO0EE.

o a1T
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O RebaudiosideD

Time Ares Ares¥
L8 96 1.243
4,258 7488 97.414
etz 10.3 1343
O RebaudiosideM
Time Ares Ares¥
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7,604 17.1 0619
14158 74 2,687
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2.1.1. NIt s Y™o|AHH|OHG-Stevia) M= ¢/ E™o| 54 Y8 "I}
O &= SitzAYS 0|8, &Ho| 2HH|ot2 M= 2H 5t7| =S HIgeR
22| RebA &2 24.29%, Stevioside= 40.15%

"4 HHS 19A1ZF o| ol TEHE 92.22% =l

¥ STV
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RC
L7 L. Rub
HJGA] F (%)
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- — WS ARNE Adulg WA AT (%)
OAJZH 19A]ZH 24A1%F
RebA 24.19 2.61 2.37
STV 39.22 2.42 211
St RebC 12.14 1.08 0.94
=
2oy RebF 2f 23 6.43 0.29 .
(RDA2])
XEe (%) - 92.22 93.41
2.1.2. 719 E YXo|AHH|ol (G-RebA) M= 9t EMo| &4 28 HI|
O RA97Z Olg3t0f TaE Mol AHH[olE MZsIRoN 57| TS ulgem a2 weg
SIS, &4 HHE 6A|ZF O|Lloll 80.21%2| TMaEsE8 H¥ 1, 24A1ZHof| M&EE 91.19%E HOol=
AHg =olslu S

O Al

O a4 dtg =A
72 =71
= 10%
e Hl& 111 (5 71%)
&4 3y 0.5U/ml o]a}
9k A 7H 0~24A]7t
ule o 40°C
g8 pH pH 5.0
2t EtMOo| AH|H|of BFSH L AHH|E i EA o2 2 MEs
gz oA HESAIZHH R o] AHH|ZH|DA] & (%)
0A]ZH 6A17t 21AIZF 2412
RA 94.18 18.64 7.99 8.3
RA-Glu(1) - 57.5 52.85 52.56
RA-Glu(2) - 9.11 11.01 11.03
RA-Glu(3) - 6.64 11.61 11.55
RA97 RA-Glu(4) - 2.61 6.77 6.79
RA L) - 2.69 6.44 6.76
o
R5H2(%) - 80.21 91.52 91.19
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HEE0| (E 108X 718

L

O AMEe MY
Abbreviatian Compowund Burity il
RA HEetaudioside & iSteviol ghrooside) z 95 7B
C] WO EHO Enzyme-modified steial giyooside z 95 76
M RevsudiosideM 295 18
RD Debaudiosids o > 0§ 15
O oe|A g 1etA(etor 2 =2 Zio|2¥ Concentration—Response curve)
» FHE Ojg 7012 0|33510{ B A= E "Hote
o OofH|AE 1CHA| AFSSE AR oSt HE (%, w/w)
___ Abbreviation conct concg concd concd conch concl
=¥ ool ooz 002 00s 008 0,10
(o] [ D.L'.L‘E 0oe 012 0la 020
Rl oo ] 004 08 (o]} (R ]]
B0 ool ooz o004 C0s 008 010
= CiSHZEo| oSt E=E2
T2 L W= b 3 5 7 3 11 13
Auge (%, wiw) 0.2 3 5.8 8.5 11.3 144 1%3
= AR ZFH|/HMA| d2hH
60 ml E2bAL AEHO 10 mi FlE (AE2)
ES2 FY A0 29| 9 HEWY A2 S QHHOY| 5 ZLF0D| (=get), SetE B0 M randomize®.
S cer LM e B S0 M2 MES HFWE (concl 2 conc? 2 concd = concd 2 conch = concél
(&) Lingering 22t order effect B0 H 2 2102 TGO Mg C0iM sk 2 HO2 HiE
e F2olM 23S ofziolM Zt A|22| peak THEF ZAEE HIIE

* Rinsing 2
S{20-25C) 28182 - 4
THHIE ) 557 02 METE BT T 24 F4: HE)E= 5B F Y
R-C curvertd Zzn}
m 2 HEY #3 SFH R-C functiond Si4 = HT 10bx $29 HOIE & 90| S7H5R2.
Oj= SEM0 B0 CEE K0S Hof of2i0] ARG S D 21510] 0|2 SE 10%M S0 sEE MAToR IE &
=) UHHEHO 2 Z80| 2 profile K2|12 documentation T O AMEOH= ZIDIE01 sarnse 1056 equivalent 2 %5019,
ofof| i F ot 2| = B Jx|le ZiNj20) e R Josi xS 3 0| 2 24 59
: Rm :
B o= 08641
B o= 07531

y = 1,1954inix] = 75454
yo= 1197 linix] = 5,8845
¥ = 1.328Inkx} + 7.8985 B =(05084

y = 1.3684inix) « 81029 B = 056480

CJ
RD
RM

- 136 -



PR LT I R P T
& il

RA

R AR SN s SN~ O

o

ol

o 1 R & 00N
B = i

o R A w M omomm i

0l

O

y= 1L 3AIn] = T FEAS

1

—+—4

3

§—
Dok

*
sl

o~ '-%
L
ety

I L]
N I R

w130 o TR
ol 1B E 5]

F OW T @ oW M o om S

L

L8 ]

Tl

- 137 -



O oe|alg 2etA(Zo| 23] sucrose 10% equivalent ZO|EE JHIX|& =

» O|FH|mAA ALEEH A= CHek HE (%, w/w)

T Y, olyu|m HA}

Abbreviation concl conc2 Conc3 concd concs
A 0.053 0093 0133 3173 0213
J 2.053 D093 0133 Q173 3213
Hi Q.027 D047 0.067 0.087 0107
RO 0.027 0.047 0.0a7 0.087 0107

= AR FH| 3 M Al

A0l SebAN A THM 1 0m| HE (2 2)
I2E2 FU UDE oA 2 10%A pairE0|SE S5 +F0 S A| S Z AN HZ 220 0] (=st) (IF 1),
SetS AiFe =M= mandomized.
B sot LAAIE pairE B0 &M E randomize®! (CH2 conch pair 8% conc] pairs 24 B &)
T pair LiollH B710Hs &A= andomize B

= I -A

* Rinsig2tH

282 pairel FIH AR

(forced choice question)

220-25C1 24 HZ - B4
TF pair LHYA A= 0= 3023 F A/ pair Pl 284 R/ HIEIMI= 524 74

- Hole 24

2tz gt

o

inl
an
ful
kl
0=
N
_O'E
rir
>
=i}
i

2t pair2E § WO B E IS 3 Of BT WIIE I R 90| £ E Mo

AISZHQIR A10| & LEl = d' gt 2 2 E i,

o 0| ZPE B2 2F = MEIA| S OFAJ0| 7 FHE B2 T = 2 TR

= Set7d oAl

por LB | pair 4o

fhAra A4

pair B A=A 1 | RMooacd HHETOH
par B7t£M2 | A 10% | RMooncd
parBIleM3 | WR 0% | RMconcl
pErEAlEHL | BMomacd HE 0%
pair B A A HE 0% | BN ooncs
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= O|H™H|IMAAL A1t
— RebA
ot £ proportion .
A EWO% | M E% 0% “
congt O 14 0.0G% 100.00% 1510
congd 1 13 TR G7.B8% 287
canel 2 12 1429 86 1% L5
cangd B 3 57.14% k= 0I5
concs & 0 55T 71.43% 0a0
« Total nurmcer of thals = 14
- RebD
o #5 prooortion
RO @ 0% AM B O d
concl 5 14 BaTH 03 33% 132
el & ® A0/00% 0.00% 03
Eoncld & 5 anpEg: &0,00%, 03
coned 10 5 b BT, 333 0.8
conch & 10 33,35% B, 6T Qe
= Tt nurroerof triale = 15
- RebM
= == poportion
=T 10 =% A% 10N a
canel 1 14 bbTR 93.33% in
concl & = 2000% &0.00% 0,34
oconG3 5 e 3335% b6 6TH 81
congl B 7 53.33% Le67H oz
cones 1D =] bé ATH el 08!
« Total nurrioer of s = 15
- CJEY™o|AHH|ot
£Ewd 2% proportion g
& Y 10k Fild B 0%
conct 1 T4 BeTH 93,33% 242
cohed & - Ao, &0.00% 0Ea
goned. @ & £0.00% 400 0.3
coned - 12 = B0,00% 2000% 1,19
oncs 13 2 BAATY 13.55% 157

« Toral number of trials = 15

& ME719) perceptual difference £ Q0| 5H= MY d'S AAIB101, HY 10%2 71 U0IE X017} 52 0|20| SEE HFH.

compound mnng Min. o valug

LI

-0 B0 N 2 mEE conc A8 DO RRESFDE Op D90 Cps pR

EA Cone 4 025 FEOR B O onc 39 conc 40 B OURE 1N suomse D UISTHEE Conc. 310131
=% conc 322 8

€l Cone 2+3 0B apay Lome A5 ARE 10N womsl UERER IR, one 3 pone 2101370

P Cont, 4 01z - Conc, 41008/
-d 79 7Y UE &S 8 conc30E B WSS UL DO Dl WE

=0 Conc 2-3 03& SESE B 0% con: 38 conc 48 B MR 10N suoteed URRISE Conc. 410087

HE0EE conc 423 TF
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O =dE(SY dol=, 4% 10brix?[EL o, 452 Zo[=o tfet sensory profile B4-RAHEHN)

o ME(w/v %)

m n
>
ok
2
Rl
0f0
in
=
El

Abbreviation Conc, 1%, wivl

= 0.133
Cl 0.133
R 0.087
RD 0.087

» A|ZFH|/H Al /T ake
B0 ml ERHAE AFHOY 10 ml HlF (AL =18 85
MES2 FHAEY 10ml 2FC AIE 3 THTIOHHLE 2oioLE HSa BIH2 HFYE (F 30mi [ ALE)
I 2 AR S WIS 2 M E randomized!.

- EFENE ool
ﬂﬁ“ﬁiﬂﬁw} us 3 58 8.5 1.3 141 189
HodE He 1 3 5 7 9 11 34
. EENE 49
B3 AFAlt 0009 0.02
: 021 0.033 0 046 0058 0.071
FHE P = (%, wiw)
- ey
Sensory Attribute Datinition EEEE
HEHE2 =0 Heigioted 5l =WE s 8RR 50| B Y
o= 4 5o 354 2R “MEE KR #o| LHPE
wE 23 S =2 Yols o &7 R O2C = T Tannic Acld 0.021% solution
L = g Weak: ZFRIAHE |ow sugar
ek SHIPES AN TN SN Strong: &2 RS
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10m W S S0 0 B= 100 10 150 180 Mom  300m
AA 2689 DENEIRN EB7Ea B41Ba EOMa TA43a  £370a2 6425a 5046 S4BGa 4B4%a  4172a  158%a
€l 1513k m El1%b TH0L T40b 70Mab 6557ab 5O957ab S330b  4628b  ALIBE M4TIR 2009k
aM 7.782b m 8010k 7710k 73Xb  ETI3b 6205k ST717he  S049b 4545h 3900b  3398bc  2EXSh
1084k EE0ED  59%4: Sa4le  a93b A4Sk ITMIb 3052c  2E49b

an 7366 m 7816b  7435b

® 439 Z0|20Y (5] 30057 IO IFEO) IOt 2 K0P} LIERX| 8.

® Peak B9 259 79, S0 P} H 4 USE DAYOLL, 9710 YT K07} LIER

- RA)YC) = RM) RD £:02 ROIAR MO} LIEH. _ _
‘RAL ORYECE Cib 152 B9 YE2 LIERIOD, RDE Che 22 HI0 AE2 Ll (+10% 499 B2 o 848 +52)
$C) U RM A2 Ot 420| HO Y2 WIHE,

= OXE AlZhol| mhE 25

A =}

—
oL

F

tol

T

—===BD |

[t

{1151 -] p1 § 08 -1 [ 18- P v | HEE
0= a0 0= 0= SO= B= = 0= 0= 0=
m 77620 27 BET Glda 539 44504 18254 251 20258
c RN iestv IpFE AFMb 2365b 193k LbGI b Lifih 0954 b 0767 b
] DEEREN  iscaw iZ6bc  1MMEbe  1383be  1505be  LiBlbe L1M b 0820 b 0717 h
LEse  1538¢ 1377 REIF: 186 &30k B5BEL

RD 2023« m 1926

8 4501 Z0|R0f CHO) 300E71X] {5 IHEI0Y 9101, YZI0] XO|i= RO FEXAH= MOK= LIEILE Q18
{RA, CJ, RME 10Z00M peak £ =5 LAOLL RDY P9 20200M peak 29! Y5 29

i Peak 25 J52 F2,

= RA) CJ= RM) RD M2 FUE 1200071 291 8, O F5E J00EMRE= RA ) CJ=RM=RD % FES 29,
- RACH HITY CJ A2 28 T7) 245101, BHAOR RM ME2F FAT +22] 22! gE/MTE 2l
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» Sensory profile 2MAINALE)

peak EfOF  peak 20 HE/EIL 854 0 EBEEEY

RA 9.142 8.221 1250a  4.283a  2501a

d] B.260 2870  0625b 18426 1135k

Rt B212 2.660 06910 173bc 1017 h

RD 7.831 2091  0558b  1323¢  1082b
————RA =———(] =<====RM =-==<=RD

Eeun paisk 25
=L HEED
» Sensory profile &A1 n}(H}C|Zt)
HEC
Ra 1424d 25
y o A
RM 2ABA b 2.5

# TR 95 31 RDE HE STME £ UE 2D 55 = 4 b T
WIRFEL0 S FE consensus rating FIHE

E EBMOE spider web plot®] HERS WS 1,
(1) 21 MBS RACY HI08 C) MR tarpet MED! RM X RO BERT 0| AADHE 218 @ 4 US.
{21 C] MLt target MRS § RMY 3501 FMQ profiied NUE 29& Leld,
{30 C] Mitl= RO HIBE peak 95 U S4080| Y71 B H0@ LIER,
= HiCIE) A9,
- 10 brixOfAf= RO 528 LIERIOL), Ofi= ROS) OS2} H0p §oe) oSS SMEN0) 21909t 29! 0@ wey
- RD 21 WOJE|l= dbrb OIAE C) MBS HICIZ0) 7P B LIEIL), S50 GARD! UETE 778 8 20610 Uk 208 L
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3.1.
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M
A
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3.1.1. M 55 =AL & 7|7l L HMEf

=

+

O X7} AHH|o} ¥ EZFE RebD/M & &A4HE pathway 2HH

o UGT76 @) UGT76
Stevioside ———— RebA ———— RebD —— RebM

Em RebE Aﬂ‘:

O &3] 2™ 7 (MY A identity 65% 0|2F, ¥ B 90% 0|2H) RXX 85 &e
O Stevioside® RebAZ Mzatst= &40 st 7|solet 2 EHE

O &2 1E5E AMTE 71L5t0] steviosideES RebD/M2 2 Matst=s 7|=2 M SHIAL

3.2. M =4 7t HA

=1

=

Lk=1

o
>
om

3.2.1 EAA) MY MASM J|dE 54 B

— [= R |

O ERU(A) ofof=ith M

MDECYSSSYARNA CMEVY I C PWLAFGHLL PCLOLAORLAS REHRYV SFVST ERNT SRLP PVRPALADLVAFVAL
PLPEVEGLEPDCAE STNDVPHDR POV ELHRRAF DCLAA PR S EF LETACAOWVINDVEFHHNAS AR B T FHEVECA
MMLLCEAHMIAS IADRRLERARTES PAAAGOCR EARA PTFEVARMEL TRTRGEEEMELAERF ELTL.EREST VY
GRECVEFEFPETVPILLETLRAGEP ITFLGIMPFLEEGRREDGE DATVENLOAR QO PAR SV Y VALGEEVPLGVERVH
ELALGLFELARTRFINALARR PTGV SDADLL PAGFEFRTRGRAGVWATHWVPUMS TLAHAAVEGAFITHOGWNST IE

CIMFGHPLIMLE I PG PHAR L T ARNA L OV ARN DG DG S FDRE GV ARR TRV AVEE E SERVE QAFARRLOE
IVARMACHERY I DCRIOOLREYHRD

O dd =2 (A)-1

MO R AN S P LY IS PN LA P L PO L O AR AL A RV EFVET PRI IAR L EPYVRETAADL INFVALPL
P DL PEGAE S THDY P D P LHR AP DG LAL PP E F L AR AN GOCHE POWI LVD I FHHHAARRAVEHEVE
RENLYVLSY FHPC LY SFNS EHVH DM Y TTCOV P AMLLLGAASF T ASGRAGLFEHAREGVVOERFSSTERPPFE
FEIEMAFL I ITORASGMS I AFR VLT LR SHLAAMA S CVEREPESVPLVASLETGGRFVVPLGLLPFSPEGGR
VR DGR DALV ER LDV P AR T VAN TEY P L AE VHE LAFGIE LAGTRFLWALREFEGEAPDADIT.PPG

FEDRTAGRGLYRTEN Y POMS ILCHDA VA FLTHCEGNNS I L EGLL FGH P LVML P L LED0E PNARLMEGHE VEVD
MORDCENDGS ENREGY M R AV M E R S I P AN MO E TV ADTERHERY IDGFIQQLASYRE -

O dd" =2 (A)-2

MOETGESFPLEVV IC FHLAFGHL LFCLDLAERLASR GHRV S LV EAFRN TARL PFVRFAVAFFVGLVALFFPRY
AGLPIGAF STHNDLEFDEFELHARRAA DCLTAPF ST LESLCAFPGERAFIN I IVDY FNDMNNARA AR TOHRVEC AM
LA A AT VAT LI L SER T AR R SA A PR FATE R T LM ELOCEREME L RAE OV S TLORCRLVAMRSCSEWE PE
EVAHAATFEGE PVVPFELL P PSP CERRCD SR DD AV RN LR O LA SV VALGEEVELRPFEVREFLATGLO
LA TR LA LR PO DA OV L P O FEEC TRGRG LY I T WY PO LG ILAHDA VAR P THCCLS ST IEGLLFGRE

LVML P IMGD OV FNAR LME CREN GV LYV P RNERDC S FDREGVATA I GAVAVEEEGRRVETANARELOEVVSDTEC
HERYTDRETIRQLBRCTR-
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O dd =& (A)-3

MDA eSS SFLRIAI VPN L ARG L L. Py L F AR AR AR CHRAVE FV ST PRNLANL P PL R PARRFEVITVALELE
RVEGLPODGAEETNON PODEREP LR AF DL AL PF A FLTAACANFCTREPFHN I TADEFHHWARAOATFHEVESE
VL PHREPMST LEWFHETE IPCISRTEMDF E IGHOVPCAML L FTARLT ARSAGAGR PEPFEEHAEQOPOPRYEOF
GRATL L TOCIME CMS TMOR VT T LF R KL T AT RS CVENEPECL P L VEEFIGE PV ELELL P PEPDCCRRARNT
HGEDAT TRW LA O PN S Y VA LS EV P L PV E TR L L F L S TR P LNA L R PV L OA ML BMCFOERTIH
CHGL Y WV NS I LA AV S FL THOCRNE L I EGLLFGH PL IMLP T PG DOGENAR LM PG EEVELIVARNEN
DEEFDREATRBQECREC-

O dd =2 (A)-4

Mo SRR PSR P LR I VI C WL A P HM L DY TR L AP R LA SR GHHV S EV ST P AN LA RT P DRRHVIDLVALSLDORY
EGLPDGAE S THDYV PSS DRRELINEAFDATA R PEAFFLAARCE T OADRCN SKR PIM VY ILADT FHEWAPAARREHEY
FCAMLLPS ARV I AR ACGARADGHAELAADT TVGEGRPPGHPRYEWE CDAFLFAVLAASGLEIARR T SLTLERCT
IAATRECPENELDAF PLAAALLGEPLY PLGLLF PSPDGGRATAERDDAAVEWLDVO P DRSSV VALGSEVIL
RYELVHELARGLELAGTREFLWALRE PRGV S DADVLFAGFLERTHGHGLVTMGWV PRI AT TAHRGAVGAFLTHC &

RHELIEGLLYCREPLIMLR I PGP HARLMERRREVG L OVERRDDDES FIRHG TASAVEAVMVEE DTFEVEVAN
AMRMOF TVADRF L RY YD EFVOE LR SY T TDENESTPADEM-

o gy

3.2.2. E4(B) MY A=A 7|ut

fol

O (B) ofof =it M

MATEDSIVD DR LEVAT F PRLAFCH I LY L L EFLTAFRGHRAV EFLETTRNIQRISSH TS PLINVVOLTL PR
VOELPEDREATTOVHPEDI PYLEFAS DELOFEVTRFLE HEFOW I IY DY THYWLESIAASLGISAAHFSVITE
WATRYMEPSRADAM INGSDERTTVEDL T TP RN F PFETEVCHWREHOLAR TN Y KA BCT SDEY RMELVIAGSDCL
LaRCYHERGTOWL PLLET LV PV A VELL PEE 1 PEDERDETWY S IREWL DGO SV AT CSEVIVEQTE
VVELALGLELSGL EEVWAY AP RGP AR SDSVEL PDCFVERTRDRCLVHTENAPOLRT L.SHE SVOGFLTHOSSE

SIVEGIMPGHFLIMLPIFGDOFLNARLLEDROVGIEI FRNEEDGC LT RESVARSLESVVVEREGE IYRANARE
LERITHITEVERRYVEQFVDYLEFRNARAVAIDHES

O dd F&2 (B)-1

MPrTETOS LR LV AME WL AP CH I I PFLEL KL LA CHRV SR LST TANI QR DT LPSHL.E BLINLVHL
TLEHVPEL PRNAE ATMIVHT DO By LERAFDEL L PEV TR LEEE S POW I T YD FAPYWL PEVARCLEISERAYES
IVEARFGAF IGPSEDDLINSSDGRTRAFDF LT PFRNV EFP ERLC Y RFRHEABWLLZEFEVNRA SGVESDTYREGMY
LEcenCME I BHCYEFE POWL TLLER LEQLBVI BV ELM B PET PTTVEEEEN DT WM T VEAW LOGCORRGHY VY VAL
CSEVMVER SELARTAL GLEL SCEL PE FWALREPAGESNESNSVEL PDGFLER TRHRAVVIWT SWAPOLOILSHASY
EEFLTECGH S IVEG LM GH L IML FF L D GLN AR I LV RN G IEV P ENEE DG EFTEEEVARALESAVVEDE
EEIYFANAMEL e TFE T RLERR Y INHFIDYLERFRRVVAINMNET -

O 4" =2 (B)-2

MER T NDHR LY AME P LA R I TP FLEL SR AR CHRV S FLETTEN IR L PTLFSHLEPLIYLVELTLEHY
OELPHNAFATMDLRT GETHEYLARAF OGLOPEVTRFLEEE SPFDW I IY DFA P YNLPSIAACLCISRAFLSMPNA
WP IAFRGESHMDLINN T DGR T TAE DEMT EEEWV T F PSS EL Y Y REREARWMYDELSVNASCV SOAYRSEMYLKGSED
CLEIRHEYEFE POWLTLLFELHR I PVVEVGIMPPET PFTHVGEETW VT IFFHLDGOORGHY VY VALGSEVML.SK
SELAFR LAV LELSGL P FFHAL R PV GETE LELPDGF SERT SDRGVVHEENA P LEILRHESVGEFLTHCEHSSE
IVECIMESHPL IML P VY E LN AR T LV DRV G I El PRENE E DG S F TR E SV ARSVRSVVVEDEGK I Y HANRMHET,
SQIFGDTELEONY INNFIDY LE KEREVYIM-

H4% #8 (B)-3

M T TET DS LG R L AN PN LA CH IL P FLELERF T AN RV EF LETTRENI QL ETLP SHLEFLINLVEL
TLEH VO E L P AR ATMD LR TEE THOH LER A FING L OPEVIRFIEEE SEOWI IY DFAPYWLESVARSLEI SRAHF
SIVTFWFIAFLGARESADDLINGSDDRT TAEDIMAFFEWY FFPSELC YREHEANLVHCHY SSNASEVS DR Y RLGH
ILNGSDMPMR Y CYE LE P W LT LLER LA LPVV PVGLL PP THNI GDER DETHVIVREER LOSOOFRGEV VY VALEES
EFMV SR EE LI LA LG L LG L FEWALRRE PVEE TELN S VE LFNGE LERTRDR GV VI SWVERULOVLSHE SVEG:
FLTHCGRSSTVEGIMPGH PLIMLPFLVIQGLIAR ILVDEOVE EVPRNEEDGSFARE SVARSVRSVVWLDEGH
I FANAMAW SN PG TR R RY IDDF I DY LERR RV A-
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1.1. Reb-A — Reb-D Tgtsa HMES ¢

1.1.1. 2HH|o} BiEA STD &=
1.1.2. 22|24 S 2I& LC =2 &H (Reb-A, Reb-D, Reb—M)

O Column: Capcell pak C18 MG Il (Shiseido, 250 X 4.6 mm, particle size: 5um)
O Mobile phase: Acetonitrile :10mM sodium phosphate buffer (pH 2.6) = 32 : 68

O Temperature: 40CO

O Injection volume:10 0

O Flow rate: 1.0 ml/min

O Run time: 30 min

O UV detection wavelength: 210 nm
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(GT-B fold)
2.2. B2l &4 (EUGT11) ZHE
1. EUGT11 ZHZ2 Point mutation & Domain swapping@ 2 ZI
O Point mutation
» EUGTI1Z =X SAMM /MY MM K FH 45 ME (2C1X, 2ACV, 2VCH, 2PQ6) & &4
Al oo A MK
= EUGT11 &4l ofo|=4F &7[ Z|H5E0], 2~5 point mutation HO|F & 345 AMA
O Domain swapping
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2.2.2. EUGT11 &4l ofo|:=ak

45 5 Reb-AZFE Reb-D &t g4 So/gX S

2.3.1. Reb-AEHRE Reb-D &N ER MAER

Zt7| 71"k point mutation HO[F 345

Domain swapping 7|g8F AMA|

O Reb-D Mzt M 2 o|ME pool

o T76 A UGT74
Stevioside > RebA —=— RebD —— RebM
'm, /
v RebE LGT4 Cleae as
* Reb-D HM&t &M HF MY =AL
No. Target Protein 1D | Origin BN 7|E
Ob_UGTR181 XP_006450455.1  |Oryza brachyaniha 85%
2 Hy UGT_v1 ___ BAI94055.1 ,Hmfe-um e |
31 U'._.-T il bl }{I-' [‘.I[HJ SMBE 1 _LSolangm .}rmerﬁ urr? 2%
4 | o UGT_e252778 Sequence D3 |Stevis ebaudians B80%
"5 | EUGTI| | XP 0156291411 |Cryza sativa - 85%
6 | BA_UGTI0840 | XP_D03560669,1 '.._E-'a hypodium distachyon_ _
7 | Ba_UGTI0850 | XP_010230871.1 \Smchvpodium distachyon S0%
* Reb-D Mg REUH =EZ MH
- ME dsd 7|8 2ET 155 (Q™WAL S5 HelHel 3o )
- Domain swapping AA T2 485
- M8l E9] wild type FXA 65
* Reb-D M& REA % 0|4 = pool EHE
No. S XAy Vector
1 UGTSL2(wild) pET24a
2 UGTSL2_1 pET24a
3 UGTSL2_2 pET24a
4 UGTSL2_3 pET24a
5 UGTSL2_4 pET24a
6 UGTSL2_5 pET24a
7 1-2-LC pBT7-N-his
8 2-1-L1 pBT7-N-his
9 2-1-1.C pBT7-N-his
10 1-4-1.C pBT7-N-his
11 4-1-LC pBT7-N-his
12 1-5-L-C pBT7-N-his
13 5-1-L-C pBT7-N-his
14 2-4-1.-C pBT7-N-his
15 4-2-1.-C pBT7-N-his
16 2=5=IL=C pBT7-N-his
17 5-2-L-C pBT7-N-his
18 4-5-1.-C pBT7-N-his

1
—_
o1
o1

1



19 5-4-L-C pBT7-N-his
20 1-6-L-C pBT7-N-his
21 6-1-L-C pBT7-N-his
22 1-7-L-C pBT7-N-his
23 7-1-L-C pBT7-N-his
24 2-6-L-C pBT7-N-his
25 6-2-L-C pBT7-N-his
26 2-7-L-C pBT7-N-his
27 7-2-L-C pBT7-N-his
28 4-6-L-C pBT7-N-his
29 6-4-L-C pBT7-N-his
30 4-7-L-C pBT7-N-his
31 7-4-L-C pBT7-N-his
32 5-6-L-C pBT7-N-his
33 6-5-L-C pBT7-N-his
34 5-7-L-C pBT7-N-his
35 7-5-L-C pBT7-N-his
36 6-7-L-C pBT7-N-his
37 7-6-L-C pBT7-N-his
38 Ob_UGT91B1_1 pBT7-N-his
39 Ob_UGT91B1_2 pBT7-N-his
40 Ob_UGT91B1_3 pBT7-N-his
41 Ob_UGT91B1_4 pBT7-N-his
42 Ob_UGT91B1_5 pBT7-N-his
43 Sr.UGT e252778_1 pBT7-N-his
44 Sr.UGT e252778_2 pBT7-N-his
45 Sr.UGT e252778_3 pBT7-N-his
46 Sr.UGT e252778_4 pBT7-N-his
47 Sr.UGT e252778_5 pBT7-N-his
48 Bd_UGT10840_1 pBT7-N-his
49 Bd_UGT10840_2 pBT7-N-his
50 Bd_UGT10840_3 pBT7-N-his
51 Bd_UGT10840_4 pBT7-N-his
52 Bd_UGT10840_5 pBT7-N-his
53 1-3-L-C pBT7-N-his
54 3-1-L-C pBT7-N-his
55 2-3-L-C pBT7-N-his
56 3-2-L-C pBT7-N-his
57 3-4-L-C pBT7-N-his
58 4-3-L-C pBT7-N-his
59 3-5-L-C pBT7-N-his
60 5-3-L-C pBT7-N-his
61 3-6-L-C pBT7-N-his
62 6-3-L-C pBT7-N-his
63 3 7-L-C pBT7-N-his
64 7-3-L-C pBT7-N-his
65 XP_006650455.1 (Wild) pBT7-N-his
66 BAJ94055.1 (Wild) pBT7-N-his
67 Sequence ID 3 (Wild) pBT7-N-his
68 XP_003560669.1 (Wild) pBT7-N-his
69 XP_010230871.1 (Wild) pBT7-N-his
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[3AHAE]

1. Reb—-D/M Mt F S A|AF I

1.1. E.coli UDP MMM T™®Jl 8l &4 HIS

L

1.1.1. A4y

I

O M=% #F bk
» Seed culture : F8A E=E M=x=g dAF(E.co)E 10ug/ml sE2| FiLjolo|Ale E&sh LBHY

Xlol & %, 37X, 180rpm, O/N BfF

» Main culture : seed Hi2FH 1%E 10ug/ml s=2| Fi-lojo|AlES =Z&st LBEiX[ol HZ & 2~3

AlZE B2 & 0.1mM IPTG (Isopropyl B—D-1-thiogalactopyranoside) &7t5t04 20&,120rpm,

O/N tlf 2F
= H{FH S 8000rpm, 10272t HAMEEl F cell 2
= 50mM sodium phosphate buffer pH 7.20l lysis &, sonication T3

= 13000rpm, 1027 ¥AME2 = &
- MEY K MAME UDPZ =3 (HPLC £4)

O ML=l UDP &2, STV — Reb-A &2 & Bt
» ALZ Z7|& STV 5mM, Sucrose, 50mM, BHHIH 50mM sodium phosphate [pH 7.2],
cell £ 5~30%, B2 A|ZF 0~48h

1.1.2. A&z

O Cell £ STV — Reb-A F&t "7}

el e 5
5% 1% A %
{ih 6 4 6 .8
Zh 05 L 10 B&d
1&h 541 R0 04,1 Grs
24k 54,1 H9.0) .0 .z
4gh 1 RE.C a0 r Ff

» E.coli ‘4t UDP2| 248S HIAE ZIt STV—> Reb-A HMetE 2F 90%= FT0| Eh30 HE

2. E¥o| 2Hbjol ez F2| HH J|& MY
2.1. @0l 2EH[OHG-RebA) ¥Z M= A =% gt

2.1.1. RebA 97 ¥ = (dignt) o|8tH, EH0| AHH[o} M=

0%

O Lmali #e) &4 H=x ¥ &2 €S Hot
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i kshisking noubator P |
HE WL IL AL
PE 25 [IDCNEs 00T s W
BHEpH it RS pH 2R R
- Az
- 542 U3 M=% HPLC &zt
= maugH
) RA |
|
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Al i
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= B—l-ﬁé. E
: (=250 -F Y T F,L,g'
1 i I — . = L SR - N ot
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0 - 95,37 - =
0 9695 | 2.90 SB.37F 1778 13.67 46 538
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O G-stevia 22| M ctAYE F2 Xz 24
. o | Fee [ wea | | e
e =4 up.o o ]2 S8R | FASA | 38R
55 | oW | x=
Vol ml 5,000 10,000 5,050 10,250 4,000
Weight g 5,056 10,109 5,155 10,424 4,060
Brix % 21.7 10.18 9.27 4.59 6.63
pH (Bx10) 5.10 4.42 6.65
ANr T us/cm 2,060 23 26
O G-stevia 2] 8™ ChAHE AHH|SHi x| 2
: 28R @
AEHIA Tagol [ 1A 8A2A | 24 854A | wRAE
=]

i urgof 55 55 (2
RA-Glu(1) 17.25 12.19 13.81 14.71
STV-Glu(1) 22.25 21.08 23.71 25.69

Rebaudioside 1.53 3.55 3.83 3.47
Stevioside 1.94 2.89 3.06 4.29




2.2.2. G-RebA ¥4 E H=

O &7 =g HIHSZ M=ot 8 s4U3H ALEs5te E2|8HM s S
5L, 2E MEE(EHS 24A17H2 96.49% ==
O a2 H2 M £ HPLC AZ20te03 (1) 2t © (2) g2 = (244|172
:: (1) ?i
o Heb A
|
1
an h . ,I I [
oot ,..I #.: o I.-I L
T [
RA-G1 |
: HA-GE
| #
= | s Reb A
H 1
| g — ]
T 5
g AL k
O G-RebA 22| HA A F2 X E 24
R o] H}.0 o 1% 1% 27t
3= B | new | gy | TN | BARA | AR
o - == 214 ==
Vol ml 5,000 10,212 6,660 9,435 4,170
Weight g 5,268 10,380 6,621 9,848 4571
Brix % 22.67 10.39 6.75 4,44 10.51
pH (Bx10) 5.0 5.18 6.10
ANe T us/cm 1,832 15 14
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O G-RebA 22| M| T AHu ST B
: SRR A
SAEENSA ool [1a MaAl | 27 8944 | #RAE
L=
T grgof 55 2 (21%)
Rebaudioside 3.30 6.91 7.62 7.66
RA-Glu(1) 52.54 69.18 71.17 71.46
RA-Glu(2) 11.88 7.64 7.47 7.47
RA-Glu(3) 13.68 5.96 5.48 5.51
RA-Glu(4) 8.40 3.20 2.80 2.95
RA-Glu(b) 3.47 1.36 1.14 1.39
O B™ % zZ G-RebA HPLC Z=}
" f
[
G| Ra
o -
,‘__. G-i'? " |
. 7ot
= -j?l - |
TS-AA -
¥ .‘IIIIT 15 p.II.Il
ALl o L R
RATIE | RA-GIT) | RA-GUID | RA-GUG) | RA-Guaidl | RA-GluiS oFd
2597 [ &l 70 12.85 1235 &8 411
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» Application AIHIZ 7l

— Table Top
v Table Top Bi&tH|= A& 2| ME(Table Top)2 Control2 AZ
v MEE BMZE Zo|lE HE T T 7282 MEo|od Xt Hu|, 4E 22| ol J7HE Bol
22z Zdo|Ro|c MER2 Ul o= etg A, Jiast ez ZH, 22 dojzle AS
USHEN o= AE 100%)
v 2t M5 B st E Figure llI-12 &=
- ERME R
v Alolct EMU M E "It
et g H] 1
BA] gk 10.8 g/ 100mL BAFo)= 10g/100mL AR
718N e 10.41 Brix’
pH 2.95
v E HiEtH|8
=2 vl e 8(%) H] 3
ME}
O]‘i__oi o 100'5000 E Formulat Control(C} &)
A 020 uigoz siglon, of7|A
Rr— ‘ Zug BE(HE)S gAgus ¥
AN E B 0.04 _ )
Arolciat 0.05 23F Formula® A% 50
~ ' Tsyrte AR
AR 2 89.33
&7 100.00
v M= 4
O M= ™ AIBEHE 7|7 &= 713 7|=0 MetstH M, A=, Aot
O M=o Tzl ARE AZZN U AMEHIISZMO| XEsh Hoz ALt
© ME o "igH| g0 ui2t FMEE X2 F5H0{ S35l &t
® HHFE= 80%TZEVX Fsto dl =, x5z = E g FMIX| 3T =, g
HE AASICH (MAF2 gFo0l5 L2XE &35t0] bfx[AH)
©® AtA=E g2 ojz| A= 7)o ol mpdzZt AlZICt
® TPHZE = gt S BN FAV|IE &6 BN F = L E5H0] HEEH S T
Ls"HI AR2Z &8s}
- AlotE =
v o AlotEE B ME "ot
— B H] 3
A oreker 7.9 g/ 100mL BAS o= 7.5g/100ml A&
7Hed g E 7.93 Brix’
pH 2.92
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v EPA digH| &
T ulj 2y (%) 5]
At 5% 0(72bx) 1.43
Ui A E}
. ] E/\OE e 6'51302 E Formula= Control(t=+)
S T oL ujgo2 gotgon, ofs] A
o : AuE PREDE AL
oA ES 0.65 al %Z‘_Formulai_ sk Nes
T 01 HsF7HE AAlst
LS B 91.5368
SHA| 100.00
v oMz g
A M= ™ AEEHE 7|7 T 7t3 7|Fol HetstAl MA, A=, MAdsict
O M=o Fe=es 2= AESH 2 AZHIIIEST Mest A2 ALEsct
© ME o| vigd[go w2l FMZE Xt 2 Fisto] ol Shot
@ HH = 80%TZE7IX| Fsled 8 =, =BHCE F=RE g EMIIX] st F, i
=2 AFsict (042 YFo0|g IXE 8510 i x| AT)
® A7E HiH2 ojz| 47E 87/ EHof ZSsto] HEE s =
HsHIt AE2 gZsetot
- Al
v AILgZ B ME Eot
T & 51
HA] FHEF 8 g/ 100mL A ¥o= 8 g/100mL 27
718N 1EE 13.93 Brix’
pH 6.67
v EP digd|E
Er U2 & (%) I
A H(&H) 52.000
Axd s =EH(SDE% 10.
i f Kq;%f_'(s 6%) 38 ggg 2 Formula®x Control(tx)
U ES ¥ HjEo2 Aelglon, o7
e ' ZolE BRI gAdoe o
AQFEZ 0.230 - =
—— 23t Formulag A4 5}o]
Am 0.110 H=HIS AASF T}
E&’\J—T—i‘-}iﬁ?‘r 0.050 d o o/l= @NMOTIH.
o 5tA] 0.005
SHA| 100.000
v oMz g
A M= ™ AEE= 7|17 T 7t3 7I1Fol HetstA MA, A=, Aot
O M=o Fe=Ees 2= AESH 2 AZHIIEST Metst A2=2 At st
© AFc MRt A= ZFH[st0] 1 ofAZe A HA=E Hellrl H|SHHE FEEot
® ME 2 digd|go el FMZE X2 Fsto] olsict 5| /2 &9
DEREVIE 25 WitstHAM FEHA L g S25 FEtE=F st
@ "M== 80%TEVA Festo ol =, AEHe=E <RE iy ZFUVX HEs =, dig
22 MdFsct (02 YFo|ls IXE &850 x| AT)
® ADE HiH2 oz MAFE 7)o ol ZEsto HEHEAE & AsHIL ANEE 23E
ct.
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O 25 X Formula 2H|AI B2=HI}
. HD MEZZ MY

— Objective: ME&F tt Reb M, Reb D, Reb A, Reb M+D, Reb M+D+a(=ghHel 7|&

T 24
- Reb MZ} DE ZtZt Mg A7l A=} G EFSE AR, 5% FormulagE HESH Al22 LR
"Holsto]l &Sl M5 HEE &elsty| g
= ZHsEI oA
A 24 AR5 Sensory Approach
— o|Au] i ZAA}
MEMALE AZ3F £
Phase I =° e = o (270 A& AR & o Dok wrp= X 22 forced-choice
Aol 7 S Sl )
~ Aerat =9 7toj 9] Zho] g (5%)0] ojjst
Phase 1 | = t U]} 7]5E BA
s A2 7
- = MY
— Alsl 7 RebM, RebD, RebA, D+M, R+D+M(£g})
- Food systems: @ Table Top(solution), @ I @ ZrHFTA @ Ato|Ct
= Phase 1
- =X: Food system¥ x #0O|2YE = (T2 et Ho| =€ A3t s 1Y
- M2 2 g
v' Test method: 2-AFC (alternative forced choice) test — M3 = pair &
O ErCto st ARE MESIES &
v Samples: D=z ME/ A& Z: Reb M, Reb D, Reb A, Reb M+D, Reb M+D+a(=E&)
v' Food systems: @ solution, @ HI @ A @ Afo|ct
- Als | xlel
v Food system® x Z0|lZ2 SFH Z 5702 O|HEZAA} pair2 F+Ad &t
(pair = Z0|2 vs. = pair)
v oolf, =7 sE= 1Hsen, o2l &5 concl~concb2Z 810 pairs TAE.
(Figure Ill-1%&+11)
v ME zZto| 2= 72 di g (Figure ll-2 &t1)
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Figure llI-1.
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par | pa 2 par 3 pa & par 5
Bgh B Ogh A conel Fek& M-cencI Feb Meconc® PBeh M- concd Py M cancs
= SR = e 105 aF 105 SR
par 1 par T par 2 poir & par T
Beb T Rk Croome] Beb D-conel Sk D-comsd Sl D-pongd Beb C-eoncd
CEalis a% 1o ad ad 10% w100 a0
par 1 par 2 par 3 paird par s
ok A Fab Ascanc Beb Arconac Aeb & =conci Fob A-concd Feb A concE
=win =W 10N W 10E 2% 1o = Al 2R I0%
pair 1 per 2 par 2 puird ]
fab O-M | Beb DW-zone | Aab Dhi-cane? el DM-cone? Beb D -concd Beb: DM-conct
=L R = 10% =5 10 =R 10N == 108 B =
par 1 par 2 par 3 pair 4 par 3
Balald Bk ROM-conc| | Reb ROM-conc | Feb 20M-corci | Beb ROMW-concd | Peb BOM-concs
a a= 1T i R a1 2= 1| a1t )
Food system® O|EZAAL A|Z2 74 dhH (solution systemE O|A|Z &)
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v Zb &H[XbE 1 3F2 food system HItoll gk Eofgt

v 2t &H|[Xb= s ZolE B/ (ex.Reb M)oll St O|HAAE F8sH =, 582 or 108 FA =,
Cle 4ol2 ZF(ex.Reb D)ol CHEr O|MAALE AT ol oz ZF2 M3ITM= HE2E
2= steb (Figure 111-3 &t11)

o Pk A Bk LD+

Figure III-3. tid¥ Zio|2 ZFof w2 "It =AM (dlAl)

v Zt 4o|E &= set Holl= 5702 O|HAAL pair2 FME. HIlStE pairel &M= HESSIH 20,
contrast effecte] E3E #A3stTIAF concl 2F conch : paire ZHTME MI=X L=
AA g

v 2}t pairdf AIEHI% =M= HEStsto] MAIF.

v BE AlZE 10 mi¥ H3E

v AlRS EUFEEE 2H|APL At o2 sHE AES FASte 222 MAF (solution— 20-2
5C; AHu:, FA, Aot - 10 C)

- 84 Mzl

v 2-AFC =Ato| Ci$t critical value tables &% (Lawless and Heymann, 2010). Critical

value2| 2|o|= 2-AFC test 0llAl untrained panel Ol Xfo|E <QIX|stctn HEUZ|= &4 HE
== (critical value, 2-tailed, P=0.05)0|0{, critical value 2c} MEI7} =2 moll= untrained
panel O] QX = U= F=ZE2 xtol2tn HAEUE £ US. BHHZ, critical valueECt %2
HEol| tisi M= untrained panel 0| X}0|& ¢QIX|stctn Eretet 2747} glictn ZEWE %+

o|lo

AA [=]

» Phase 1 Z2}

— Table Top Solution

v
v

v

N=63, Critical value for 2-tailed test = 40
Reb D o Z<, conc 20l =2 Fo/X
oM &3 sE=2 M

ro

RtO|7} LIEFLX| FObA], Phase 2 ZH|AfZAL

LIHX| Zol2o] 42, M3E sZolM izt et (=e8E Xto|E elX|goll A0 FolH
OS2 Xo|7t 818) Hols

olof &0l dojLtE s

M

tu
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- | =oes goe L% taste Al LEE =0 FEAR

Rty M- Conc 3 va Coned 75% fvs. (& Conc. 3 A b 75 bIFHEAE AR B -

&
P

Table Top - Fel & HITL LA A2 FH.

Eeh

5 HES U0IE & LR DEST O RAR HDISE

Figure lll-4. Table top solution system: O|™ZAAl "Il Anl (Z+ pair | A|ZH ciolto| o Z35ict

= — A
octst kA
SES SET)

— Coffee System

v N=63, Critical value for 2-tailed test = 40

vzt Zo|2Y8 oi=F3 RelHMel Xto|7) LEHIHX| 2= SEZ LHIXIEALE ISt sE2
ZA- gt

v Reb M = conc. 3/ Reb D = conc. 3/ Reb A = conc 2 / Reb D+M = conc 3 / Reb
R+D+M = conc 3

Reti M fER Reb D hE 2 b A e
| &3 63 * &2
| 3 con &g 28 17
38 7 M conc3 " 1 i con 51 14
50 5 | 48 17 nicd 57 B
n &0 45 1 (i, (¥4 |
6 DeM W ES Rel=p HER
il 0 H (] 65
ncd 14 | Bl
41 4 M5 conc3 8 37 M5
50 g coned 59 &
conch EB 7 conch £ &
Figure lll-5. Coffee system: O|&AAl ®WI} A1} (Z pair L A|RYE Ci8to| o Zsicty gt
SE%)
— Juice System
v N=60, Critical value for 2-tailed test = 39
v Zt Zdo|2E =3t FelXel Xto|7t LIEILX] s S22 NH[AIZALE 2st sE2

EERSEI

v Reb M = conc. 2 / Reb D = conc. 2 / Reb D+M = conc 2 / Reb R+D+M = conc 3

v Reb A o| 2%, M3&E sZolM =T SLeH=CISt A0l X0l AN FolHo=z
o7t 812) HolskE LARX ZZ. olo] HTMo| dojLts S HRAE 7IELRE WHFAAE
ZIAsto| aB|AtzAlO| AFEEH SEE 2ESZEEE.
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Ret M EEg Rety O = Ey I ety A =z

congl | A3 congl 5 5 | concl 14 b
conci 3 9 NS | concz 23 37 NS | concz 41 19
congd 43 17 conc3 37 23 M5 concd 47 18
concd 54 & | | concd 3¢ & | concd 43 12
concs 57 3 | | concs 55 5 [ concs 53 7|

FebDeM | DEF | RrDvM | DX
congl 7 3 congl 5 9
conc? 25 35 N% concd 13 a7
concd a5 15 concd ko 26 NS
coned 46 14 [ concd 45 15
onch 58 2 | concS 51 9

Figure Ill-6. Juice system: O|MZAA} "W} A1} (Z+ pair L A|RY CHEHO| o Zsicia SESH

SE=T)

b BUEE gnee | L taste B | O Bl TR -

fll Ret A | Conc 2 vs Concd 75% hva CRES Kone 2 MEB b 75% $208 ANXEGE AR 3%

& BES UOIE § L0 CESD O QAR J0Ic@ LERACHD B BE0 OF FHY .

— Cider System

v' N=65, Critical value for 2-tailed test = 41

v 2 Zo|2YH tix=Zo FoHel Xo[7f LIEILIX] 2te SEE AH|XIZALE st sE2
z23e

v Reb M = conc. 2 / Reb D+M = conc 2 / Reb R+D+M = conc 3

v Reb D % Reb A 2| 3%, AM3E sTolM thix=znt SLSH=CISE X}o]

TeMe g Xto|7t elg) Hulsxt AKX &2, oo
LHRAIAS Fgstol 2H|REEAL] ALSE S8 25 ZHE
et M 2 B3 Ret D CHER Reb A s B3
canc ] A 59 conel a &3 canc ] T 5&
conc 35 28 M5 conc 18 45 canc? 41 12
conc3 49 14 concd 18 15 concd 51 12
concd ey ! concd 53 10 cancd 57
conch 57 1 cohieh &b canch 58
Rets O HES R+D+M HED
conc] 2 &1 conc ! ol
conc 24 » NS concd ) 54
conc 3 a9 24 M5 conc3 31 32 L
concd &l 3 coacd 50 13
conch 54 g conch 55 H
Figure Ill=7. Cider system: O|™&ZAL "7t 21t (2 pair W A|Z2E EhSto| o Zsictn SEE
SES)
i FHEE fuE L paste LB | A =8 A -
c R - Conc 3ve Concl T5% bve TREFE  [Conc 3 M ;
AT
Rab A T I, ENERS Konc 2 Af

1 BEie w2 OF IHW
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Summary of Phase 1

— Concentrations determined for each sweetener that provides equivalent sweetness per each

food system according to the result of 2-AFC tests

Table Top
Alg 55 Coffee Juice Cider
Solution
Reb M 0.0191% 0.0288% 0.0175% 0.0152%
Reb D 0.0144% 0.0220% 0.0169% 0.0183%
Reb A 0.0225% 0.0250% 0.0259% 0.0225%
D: 0.0120% D: 0.0110% D: 0.0085% D: 0.0073%
Reb D+M
M: 0.0128% M: 0.0114% M: 0.0088% M: 0.0076%
A2 2 A0 3.30% Ad22 A 4.50% d=2 A 4.0% Ad=2=2A: 5.0%
RD: 0.0031% RD: 0.0030% RD: 0.0060% RD: 0.0033%
RM: 0.0027% RM: 0.0020% RM: 0.0030% RM: 0.0024%
Reb D+M+a NHDC: 0.0002% | NHDC: 0.0005% | Gl: 0.0020%

(¥3F Formula)

NHDC: 0.002%
G1: 0.0027%
AlolA Lo 0.020%

ARG 0.010%

G1: 0.0020%
Alo]A L8 0.050%

AAE: 0.008%

G1: 0.0040%
Alo] 48 0.020%

~

AAE: 0.010%

Alo]d8: 0.01%

AAD: 0.01%
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* Phase IlI: Citet Zio|=oll gt A b &H[A} 7[5 24

- BA: Food systemd x Z0|2Y AKX £u|Xte| 7|

A

—

fol
i
om 4
%
b
Al
10
=
o
o
M

o AT

v' Test method: Consumer Acceptance Test (H2ZFH AH|XIZ=A}), 2t mido| Ztzte| A|Zof Cf
Bt Jle+= "Hotgt
v Samples: tHZ=w: ME/ ASF: Reb M, Reb D, Reb A, Reb M+D, Reb M+D+a(=¢)
v' Food systems: @ solution, @ HI @ A @ Afo|ct
- M C|XfQl
v' CLT (Central Location Test, in—lab test)2 TIgi st
v Ztzke| AH|Rb= 52 food system2 HIlstES &, O|Mf, food systemel HItz=A
Lingering ¥& S& 112{5t0{, Solution® 7} MAN ISR ooy, Hi= 73 ofX|[2 =MZ
Holst=§ MA . A FALl Atolcte| BI=M = counter—balance®. (Figure 111-8 &t11)
- ojd: getMel AH|XF & 124Y FoiE (ZF did2 & 3708l food system HIISIES MA &
ol EX™MM ZEol| st rejectere N A=ELES HIIS PXI 2 E MAAE
v Table top solution 92%; I 93™; A 93 ; Alo|C} 94F
Day 1 - 2H{9/8H 104 Tamget N=20
Srion, coffes BRESA
- .' 1 1
1 |
1 | Saluban HEpE~ | L
Saluton | i 1 L | 7l
7 Day 1 - S8 (9788 144] Target N-20
2 Saution, oof fee. MO
N . T
i
....... T _ T _ =';:|."_ _ .
} s Saolutian Aj 0L [ RETi} [
Day 1 - 28 (988 1630 Taget N-20
il | Salution. MO}, MERGLA I
@ | '
| 5
3 Bl r i
| Seluution AT |
=1 4 SaLibon H0|c | i} IH:--I- I
Figure IlI-8. B{4¥ Food system@7} =A (il Al)
- Mas 2 gob g
v Zt Food system HHAIAM 6712 Alz2&= #HHEHSE &=ME2 HISE=HJ20, sequential monadic
evaluation procedure 2 "I} rast,
v BE ARE 20 mi4 HIE
v AR *‘éﬂﬂ%Et 2H|XPL dutM o=z ST AES FASteE 2R MdAE

(solution— 20-25C; Hul, A, Afolct - 10 C)

- sAXME| 2

v

Z|s="wot Zafof sl 2AMEA(ANOVA, with main effect 'sample’ and 'panel)2 & 5}0]
Z1to]| AlZof & Xto|7F A=A ASE. 'Sample' effect7t %.*°._|E| A2, MEEME st
e AMTEMoZRE J|EMS(HED-HE)2 "agtel xtolel welds& AESt= Dunnett's
test (2-tailed, 5%;)& &

71 MSste AR ¥ HMSshe AIRE MEISIES oF Ao thsliM=, AIRE SHH|gS
contingency table2 HZ[stR 20, SEH|S0| Hsll chi-testE TSt SHHIE2 FAMS

=5
0o o



* Phase 2 Zxf ¥ ZE=

- Mg b Zol=o ofst &H|AF 7|S = Z3 - Overall liking
v J|EMES(H=F-AE)a d3gtel xole] 7eldg ASst= Dunnett's test (2-tailed, 5%;)E
Sal AlEEAMS S Ao},
@ [R+D+M]e] A, ZE AE AAHOAM =l AT b AH|XF MEY|S 2o AN 7oA
ol Xto| & HOI|X| &Zs
© [R+D+M]2 HM2lst tHEE Zo|Z= Coffee AIAEOIA =l ME b ANH[AF MUY |SE
of A0l ®e|Fel xo|E EHgl.
© Coffee A|IAEE X2 Al, [Reb M]O| LIHX| AlE A|ARIOAM Cf=FQl ME b MEP|SE
of A0l ®e|Fel xto|E HO|X| &2,
T Table Top Solution (N=92} | Colfee (N=93) uice {N=83} Cider (N=94)
|||:|.||1 Liking Control vs, Sig. of Liking Controd ws Fug of Liking Contrnol ws Sig. of Liking Controd vs Seg. of
= | score \difference) diff score.  [difference) iff | score (difference) diff | score [difference) diff.
Reh v 50 o1 Mo ! 58 0.7 Yot 5.1 0.8 Yes 5.2 0.7 Yes
Reb M 49 0.2 Moo | 55 1.0 Yor 6.0 0.0 No- | 5.5 0.3 Mo
Reb & 4.8 03 No | 58 (i) Yo 5.7 0.2 Mo B 0.7 Yas
Db 47 0.4 No. | 57 0.8 Yes. 5.4 0.5 Yes 53 0.6 Yes
E=D+h | 4.7 04 N | 6.6 0.1 Mo | 6.2 03 No 6.1 0.2 Mo
Cff 2 2 (g 5.1 6.5 59 59

Figure IlI-9. Dunnett's test result: (CH=FZe| W Xolo| Cfst Fo|M HZE)

- 28 it |=Zof thet 2B[A} 7| At
v M d3ste AR R O B[S SsE Al=ol oiet "ot 2
v oeel Al F, 7tE MEste AlRE MESIES SHET HlE&S vlust 23,

=
© 7tz MEste A|R2A [R+D+M]el 2EH|g2 =29l MEEC]
(23.4%, net avg.), table topg M <

2 JFoxoz |:||»0| MEHE| Zd2 &holsh
A

O ciet Fea (HE2-4Y)2
o

e~ ] 44 T &) &

Tabile top I« s [ b [« Awr o2 Tabds tap | oifipe I Milcn [ it L b
(%) |JaRa a7 ns. | xs 24 EEIPT 0. | 86| 172.| 160 137
Fols b4 1049 15 15.4 17.0 11.7 Foaks WA 163 i BS | 14.9 16.7

Reb 1 07-| 120-| &E- | 74 124 Reb O 08| 14|
Rab i i--.._.- | >. | a7l [ 138 11.8 l\:l-l-l'l. _|.|-“'.- j 129 | 14 [ 1581 153
DM 6. | 97.| 75- | w8 B9 DM 52| 37| 5| W 19.3
EZ) Formula w7 ] LT I 133 | my A HE Formula s BET | 128 14.0
100.0 1000
Figure llI=10. Zt Al2ofl Cis 2H|XoF 7HE MSst=/H|MSshk= AlRR2 SHEHIE (%)
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LIEfL, E& SHM M8 dAMMZM =2 ItsdS &elg
Reb M2t Reb DE CtsiA &Eet Zol=zol tis, X AE A2EOM dE OiH| 7|2

r

2,
A=)
R
[
Ml
o

2Mst A1 [Reb D+M+a: =28 Formul

H|
e fSSHAHY o =2 F=F9| 7|
L

§2 ol M
A% rlo |F1 o

= HE, SESHAM Y dAM2ZM 52 JtsdS &elet O ths22+= [Reb M]O
7tsd g EMsts H2Z HEH2n{, [Reb D] & [Reb AlE HES A7l FREC
HollA HlMe == ZE0l UsS el

NE ME3t RAKE 22 2 44

£Moz #2 mols HUISEI ABAALO| JNE SHo| wat FHES JXE LOlEE of
A MOlE 4 U= HOZ B AFEAIAH0| MYMOR o XIel Facl FR, HOH|
SZo| 210 AT Lo|Z 7k Aolzh DX YT HhEl, AFAIAO| A0k Shgto] B of
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41. 298 M= Y lab 2 DE ME ME £ 80% 0|4 &=

O STV— RebA ™& &2 (UGT76), RebA— RebD M= 4(UGT24), UDP recycleE 4 (RSS)
O 3% 22, U8 S5 6|8Y =3 vwS JW5t0f RebDM MBS 00% Ol e =2 &8

=
H|€ STV : UDP : Sucrose = 1 : 2 : 20 =ZHollA =i Mg stol
&4 ST H[E RSS (2~4): UGT76 (8): UGT24 (5) =ZollA =} Matg &l

O =& =ZolM Lab AIMZE H=ZE Qe 54UH2M 10L M=

41.1. =% 48 /R (STV, UDP, Sucrose) H|g =X 3}
S5tdtSo| "2est /=2 (STV, UDP, Sucrose) off st vl = X35}

O UGT24 &2 ALE, STVRIE 0.5% STV 1A, UDP, Sucrose H|& ZE& st AE M

STV : UDP : SUC H]& (B 5% 7|%)
1:3:10 1:3:8 1:3:6 1:3:4 1:3:2
1:2:10 1:2:8 1:2:6 1:2:4 1:2:2
1:1:10 1:1:8 1:1:6 1:1:4 1:1:2
[21Z HI2E RebD+M MMZF (%), 24 A2t B+E]
STV : UDP : SUC | 1:3:10 1:3:8 1:3:6 1:3:4 1:3:2
RebD+M &&F (%) 78.6 66.9 62.8 45.7 24.2
STV : UDP : SUC | 1:2:10 1:2:8 1:2:6 1:2:4 1:2:2
RebD+M &r2F (%) 79.2 66.9 63.9 46.7 28.2
STV : UDP : SUC | 1:1:10 1:1:8 1:1:6 1:1:4 1:1:2
RebD+M &r2F (%) 66.2 62.3 54.6 46.9 26.1

= STV : UDP =X H|82 1:2 2 &2l Sucrose sE= SIIE-E d2 &£ HWE

STV : UDP : SUC #& B/£2 1 -2 10 22 &f2o/F

STV =% (%) Sucrose =% (%) STV : Sucrose H|&
0.5 10 1:20
1 20 1:20
2 40 1:20
3 60 1:20
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[ME 2t oA 22 SEE RebD+M SH (%), 24 AZHEHS]

dr BEJHF Uk 5 MAPE
v
STX%)%E SU&)%E ‘f%ﬁg‘g? RebD | RebM | Rebl | RebA | STV
05 5 0.0 501 | 188 | 08 | 302 | 0.0 G
05 10 0.0 320 | 334 | 47 | 299 | 0.0 |STV:UDP:SUC=1:2:10
1 20 0.0 242 | 169 | 3.7 | 552 | 0.0 »
40 0.0 170 | 45 | 0.9 | 776 | 0.0 |ery:upp o0 - 1:2: 20
3 60 6.1 6.1 00 | 00 | 37.8 | 50.0
[ME o2 oM 28 ST RebD+M MAMEF (%), 68 A|ZHEHE]
g EAdHF U S MAE
STVE% (%) | Hehew(%) [{E%ﬁ"r{? RebD RebM Rebl RebA STV
05 10 0.0 35 91.0 55 0.0 0.0
20 0.0 23.7 70.1 55 0.7 0.0
2 40 0.0 42.6 19.8 23 35.3 0.0
3 60 13.3 205 0.0 0.0 40.6 256

= STV 5% 0.5% =M th=, AlgT HluW Z1} RebD+M S FAISILE, AEF BfSF =7
oAl RebD — RebM &t £Z= MfE Z/2 B2/ A& 40% O|at =AHAME= EISH &
2 §28EZ inhibition

.
Y
fol

2 o8 #¥

IS E3l, STV 0.5%, STV : Sucrose=1:20 =710 RebM M4&EF of 90% &t

[PIZ5E 0.5%.3% 24 & H8E SEES RebDM MEE (%)]

STV 0.5% RT 3.014 3.954 | 4.666 | 8.904 | 10.03 | 10.587 Reb DM (%)
RSS : UGT76 : UGT24| No. |Unknown| Reb D | Reb M | Reb I | Reb A | STV

4:4:10 1 32.2 22.5 447 0.7 0.0 0.0 67.2
2:4:10 2 37.5 19.6 42.3 0.5 0.0 0.0 61.9
1:4:10 3 35.3 17.9 46.2 0.6 0.0 0.0 64.1

05:4:10 4 35.0 17.4 47.0 0.6 0.0 0.0 64.5
4:8:5 5 13.7 9.0 74.5 2.8 0.0 0.0 83.5
2:8:5 6 15.8 9.7 71.8 2.6 0.0 0.0 81.5
1:8:5 7 15.8 9.1 72.4 2.6 0.0 0.0 81.5
05:8:5 8 14.0 11.9 71.6 2.4 0.0 0.0 83.5

[PI2sE 1% 38 84 sk H|88 S52HS RebDM TMEtE (%)]

STV 1% RT 3.014 3.954 | 4.666 | 8.904 | 10.03 | 10.587 Reb DM (%)
RSS : UGT76 : UGT24| No. |Unknown| Reb D | Reb M | Reb I | Reb A | STV
4:4:10 9 21.7 54.0 23.3 0.5 0.5 0.0 77.4
2:4:10 10 18.8 57.9 22.3 0.5 0.5 0.0 80.2
1:4:10 11 20.2 56.9 22.0 0.5 0.5 0.0 78.8
05:4:10 12 18.9 59.0 21.2 0.4 0.5 0.0 80.2
4:8:5 13 10.7 65.2 22.5 0.9 0.7 0.0 87.7
2:8:5 14 7.2 52.4 37.3 2.0 1.1 0.0 89.7
1:8:5 15 8.2 52.2 36.8 1.9 0.9 0.0 89.0
0.5:8:5 16 7.6 54.4 35.0 1.9 1.1 0.0 89.4
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V. d 2815 oA77|2 (ol&tof XIcH &tm)

[ 1RPAE ]

1. in vitro EtStEA &4 =X system 75 F AMFo[AA AHHE[2AOIE EHO[A 9 St
2M 24A

1.1. AlRZo|ax SHOME o8 in viro ¥EHE ¥ A &Y 23aly

1.1.1. A

QO in vitro CEET8 M8 EH system2 0|88t AHH|QAO|E EXO[A 2 T8 &M 24

— Stable cell line selection %

n vitro human EEHEEHA 4 EF AlAH 15
I &fol

v HEK293 cellol entry vector@t hTAS1R3 geneS 48A|ZF =9t  transfectionAlZl  H,

— i
v

pCMV6—-Entry vector2| selection marker®! G-418& cytotoxicityE 20l= 1 mg/ml SEZ 3
W2t selectiongr. O|E Sof &dHol MEFMHES JHX = hTASIR3 geneg & St= single
cell colonyE MHstD, CHAMo=Z di2kstod stable cell lineg T8, Stable expressiong
2tol5t7| 2|5t0{ cell membrane fraction HHE 0/&3t04 G418 1 mg/mI2ZE selectionst
TAS1R3 stable celloflA hTASTR32| CHMHZAE 2515 western blot2 2 =lgt. loading control2
= a-tubulin0| ALSE.

n vitro human ESt+&x 75 & &4 ot
TAS1R3 stable cellol GFP tagE 7}Zl hTAS1R2 gene2 48A|ZF &9t transfectionA|ZiS
TAS1R3 stable cell LHOllA] TAS1R2-GFP tag geneO| transient co-transfection®l ZHZ &
ojde=z 2kolel TAS1R3 stable celldl TAST1R22F Gal5E transient transfectionA|7d TSk
ExME SAlo| 23A[ZI T Fura—2 QBT Calcium kitE 0| &35l0] CHot=SH=ZAM &
. ol 22 2= TAS1R22t TAS1R3E 2 F ligand®2 7HX|= sucroseE O|E&.

0z
mjo

kI
\J

oot

- AHH|ALO|E EHO[A 9 in vitro human BHEt4-2X &M =X

v

v

TAS1R3 stable cellol TAST1R22} Gal15E transient transfectionA|7{ ISt XE SAlof 23
AlZl =, rebaudioside A, rebaudioside M, G-steviag A{2/5t0{ calcium mobilization assay&
Tl CootE8xel oSt UX| J|sE F™stY| sl rebaudioside A, rebaudioside M,
G-stevia?l Bl =E =0l =Heo =HE &I 2Isll 5%, 7%, 10% OlEt2E =2 ALEst

of solst.

s,

rr

- 2HH[2A0|E EHO0|M sk Wi eS3A #d Hal £

TAS1R3 stable cellol TAS1R22} Ga15& transient transfectionA|7{ CStEEXE SAlof 23
AlZI =, rebaudioside A, rebaudioside M, G-steviag 02 ST Z X258t calcium
mobilization2 =g 0|E& &3l rebaudioside A, rebaudioside M, G-stevia®l %o w2} ¢t
St=&H 7t dose—dependentstidl Eas EHolz ZEE  &Qlstil,  rebaudioside A,
rebaudioside M, G-stevia 2tZte| maximum intensityS LIEI= S£2| 50%sTQl EC50 #t

= Altkgh
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O

AE|H|2AFO[E 3 Neohesperidin dihydrochalcone (NHDC) E#&O[&& ol &%t in vitro X|YM=EZ 2
3 o ¥ HE &2 screening

* in vitro A& S & X|YAME oM Fnte} —E—XP‘* 718 1Y

- XM xZe| 25 7 % morphology & &% lipid accumulation 3= &%

v &3} inducer (insulin, dexamethasone, 3- |sobutyl 1-methylxanthine)& S3al & 8¢

7t 23kt
SAloll rebaudioside A (5, 10, 20 uM), rebaudioside M (3, 10, 30 uM), G-stevia (3, 10,
30 uM), NHDC (30, 50, 100 uM) % G-NHDC (30, 50, 100 uM)E& Xz|gt.
groupdl= XM IZ MEo ZHst 5 mMel glucoseZt ZEEO U20q,

ol = FototAS. 8Lzt

Hr

Low glucose
high glucose group

glucose 20 mM2 23tE ol&l adipocyteol oil red o stainingg &

AlSHo] X|gbrob HM || & FAM=E plateE microscopic analysisE Sl S&E X[ 2HA|Z o
37|19t L5 H|lmE. ot HAME plate2] oil red dyeE =01 X|gho| ElE MEE ELEE
EXstd 22 M2l 570 w2l lipid accumulation B EE H|w et

- Cell viability &H

v Preadipocyte AtEf2| 3T3-L1 celloll rebaudioside A (5, 10, 20 uM),

rebaudioside M (3, 10,
G-stevia (3, 10, 30 uM), NHDC (30, 50, 100 uM) % G-NHDC (30, 50, 100 uM)
24A|2F Jot XM2|stod MTT assayE Ol-83101 cell viabilitydl o|Xl= A2 SMHE HItgh
Low glucose groupoll= MZAMZEo| EHst 5 mM2| glucose?t Z&E0{ JA204, high glucose
groupoll = glucose 20 mME F7}%t.

30 uM),

=

=

Mz 2stel 2t Y= X OfAHE PCRS &6l &3
& gaZtol E3517|7F =2t rebaudioside A (5, 10, 20 uM), rebaudioside M (3, 10, 30 uM),

G-stevia (3, 10, 30 uM), NHDC (30, 50 ,100 uM) % G-NHDC (30, 50, 100 uM)E X z|%t.

8al7to| 235t= olZl adipocyte2l RNAS extractiondtod 3T3-L1 celle] 2stol| 2t0i5t= PPAR
¥y, SREBP-1C marker&2 PCRE &3l mRNA leveldlM 235t RMAF markere| &4d M E &
ek

= jn vitro A& S5t &¥F s XN I AY

- MTTE O|&&t cell viability &8 2 H|m

v

v

CHAIMIEZ (RAW 264.7)0 A rebaudioside A,
10 uM doseZ treatstH 12

rebaudioside M, G-stevia, NHDC, G-NHDCZ 3,

, high glucose groupoll= glucose 20 mME& treat&. Control group

ol2|e] =& groupoll= LPS 500 ng/ml& treatoF?&%. Treat 24A|ZF Foll culture media2t A
2 MTT NS 200 ul¥ Ho{x10, 3AIZF = DMSO 100 ul& Y0{&. 52 5 560 nme| &
EZ 48 20 E.

- HAIMZ (RAW 264.7) €35 *X F, NO production & 3 v|m
NO production X2 RAW 264.7 murine macrophage celldlM macrophagee 2 7ls &

- RT-PCRE o|&235l0d tHAlAM = (RAW 264.7)0IM pro—inflammatory cytokine2| ¢

v

shtel syEyel o wwel

RAW 264.7 cello|
10 uM treat st
Control group 0[2|2] 2E groupdl=

phagocytosis2t Z+H =l
rebaudioside M, G-stevia, NHDC, G-NHDCE 3,
glucose 20 mM= treatdt.

rebaudioside A,
, high glucose groupdll
LPS 500 ng/mlE treat

SIFS. Treat 24A12F ol 2t group2l medias 100 ul¥ #&olLfo| Griess reagentE 100 ulX
Hoj&: Cl2 58 F 560 nme| SR S AU E.

bo =
s 5
=

RAW 264.7 celloll rebaudioside A, rebaudioside M, G-stevia, NHDC, G-NHDC & 3, 10 uM
treat 3I¥ 12, high glucose group®ll= glucose 20 mME treatgf. Control group 0l2|2 2E
groupol= LPS 500 ng/mlE treat StFS. Treat 24A|ZF =off RNA isolationS S35 RNA
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- Western blot2 0| 235t0{ tHAIM & (RAW 264.7)0lA pro-inflammatory mediatorel &

1.1

O in vitro human Etot=84

samplegs ¥&. ¥2 RNA sampled| M2l pro—inflammatory cytokine@!l IL-1B, IL-62| &
=x

Hi
v

2.

t:li-él_:{%

RT-PCRE S3ll £&d & Loading control2= GAPDH7F AlZ2E.

o

e 55
o

RAW 264.7 celloll rebaudioside A, rebaudioside M, G-stevia, NHDC, G-NHDCE 3, 10uM
treat st 11, high glucose groupoll= glucose 20 mME& treat®. Control group O|2/e] =&
groupOll= LPS 500 ng/mIE treat StUS. Treat 24A|ZF =0l protein isolation® &3l protein
2. E

sampleg ¥5. ¥ protein sampled|M 2| pro-inflammatory mediatorel COX2<]
western blotE S8 A& Loading controlZ= B-actin0| AISE.

HEZE =

ek

o i
x

o A
2

>

[>

i

ey

i

Stable cell line selection &I &tol

(Fi
we

- G-4182 1 mg/ml s =2 st =7t selectionstod G-418 resistant single cell colonyg MEs5t1

gure IV=1A), CtAIM o=z dftstod €2 TASTR3 stable celldlM hTAS1R32| CHUHZA! disy
stern blot2 2 &2l (Fig IV-1B)

Day 1 Day 8 Day 10
Day 12 Day 14 Day 16
B
FAGIRS v TAZTRI
Pogitve Siable Himbia
TASIR3 -
Day 18 Day 20 Day 28 -

g-tubiiin -—-

Figure IV=1. Confirmation TAST1R3 stable cell. A.G-418 resistant cell colony were selected for a
month. B. The protein expression of hTAS1R3 in TAS1R3 stable cell line (selected by 1 mg/ml

G-418) was analyzed by western blot.

in vitro human EtSt8x 75 2 A Ho}
n vitro human SHEHEEX 5 ol

v

TAS1R3 stable cellol GFP tagE 718l hTAST1R2 geneS 48A|ZF =9t transient transfectionAl
71 hTAS1R22} hTAS1R32| heterodimere X504 TAS1R3 stable celldlA 2] hTAS1R2<2| Y
dasin|dES Sl 2l (Figure 1IV-2).

=] ©
°._4§ o= o
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TASIRSE 3EdeiTAB I RE.GF

Figure IV=2. Fluorescence image of GFP-tagged hTAS1R2 expressed in the hTAS1R3 stable cells.
TAS1R3 stably transfected cells were transiently co—transfected with hTAS1R2 gene fused with
GFP for 48h.

- in vitro human ©St+84 24 =el

v' TAS1R3 stable cellol TAS1R22t Gal5E transient transfectionA|74 EHSEs=
AlZl =, TAS1R22t TAS1R32| ligandZ 2%l sucroseE X{2|5t0 EHoE
of egh &8 X 7|5 +HE =telgt

v 20 mM sucrose #0| 22 Mz|Z Hstst= calcium flixoll 2 Ca2*~bound dye 340 nmItZEt
ol &7t ¥ Ca?*-unbound dye 380 nmitZ&o| ZtA=2 ML= 35 =l (Figure IV-3A).

v o] 222 Sdllstr|ol ALEEH assay buffergl HBSS+20 mM HEPES E0iE XElst¥= o,
340 nm1t 380 nm F mEe| HaIt elSS &eld (Figure IV-3A).

2HE SOl ¥

S =
EME2M Zo| =

A e

A 8
Agppe 3E w-é‘mwmm s G 1 Mmﬁar B4G e
' itz bR M i
En EHE
-
€ 2 i -
T EYE
pecitid E3 E] 1 T g 13 ¥ 15 H 13 1 1 B H
A 43 & A ) 1M s Eg £ B M 8 EF b i B4
FHirmieo] Tipp SETY

Figure IV-3. Ca?" signal analysis using hTAS1R2/hTAS1R3/Ga15-expressed cells upon the addition
of 20 mM of sucrose.

Ca?-bound Fura-2 is excited at 340 nm, and the unbound form at 380 nm.

A. Changes in intracelluar calcium concentration analysis using sweet taste receptor subunits
expressed cells upon addition of 20 mM sucrose. B. Changes in intracellular calcium
concentration analysis using sweet taste receptor subunits expressed cells upon the addition of
assay buffer (HBSS+20 mM HEPES).

- in vitro human EtSt=&x &AM "7| (stable vs. transient transfected THSt&X H|il)

v TAS1R3 stable celldl TAS1R22} Ga15& transient transfectionA|7d CHEIESHE Ao ghsd
AlZl ciBt=ZA stable condition®} HEK293 celldl TAS1R22F TAS1R3, Gal5& transient
transfectionA|71 ESt+EHE SAlo LHA|ZI CBEEA transient condition Z2f2+oll 20 mM
sucrose ol & Z H3}5t= fluorescence ratio (340/380 nm ratio)& =+l gt

v TAS1R3 stable cell& 0[&3to] 755t ©St+EA stable conditiondll AT 20 mM sucrose Zf
o] 2% Xzlste SAl S7tsk= fluorescence ratio (340/380 nm ratio)& &Helst, TAS1R3
stable cellglo] #&F8t cBt=&x| transient conditiondlAl= 20 mM sucrose Z0| 22 & X2
5t0{ fluorescence ratio (340/380 nm ratio)oll Bist7} i3S &l (Figure IV-4A).
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(=]

ot+2# stable conditionZt TtEF24| transient condition®2Cl O sensitivedt &Moo=z O
M2 sTojAe ol 47| J|lsez of 2df W2 EC50 2 7HE (Figure IV-4B).

& ]
S - S o e ST
? ) h R hdnd el .u§ t$$-| il CUhalpdend mRsRhe,
£ o 123 5 e
@8 g i
%% 150 §‘$ 15 et
& BOE S e e
* % =2 Frgmgmed SF 1 ek
S S5 i P
: #

e ¥ Y 7 : % T T t

BB S0 B 8% D IS el Es Y 2B E A% EE
T Sac [Suiree, 4

Figure 1V-4. Comparison of response from the sweet taste receptor stable and transient
conditions to sucrose.

A. Changes in fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis
using sweet taste receptor stable condition and transient condition upon addition of 20 mM
sucrose. B. Dose—dependent responses of sucrose concentrations in sweet taste receptor stable
condition and transient condition.

» AHH|QAOIE EHO[AH 2 in vitro human EtSEEX €M 53
- in vitro human S8+ &4 £ =4 el
v rebaudioside A, rebaudioside M, G-steviaE &slist7|of MAESH HE 7| s 5%, 7%,
10% olEtE2S X2l2 ¥Est= calcium flixoll 2 340 nmet 380 nm ThEe| BstE =tel 3
Clpmi=1g
v 5% OBt 0ol Xz2| Al, assay bufferel HBSS+20 mM HEPES &0f& XHz[sl¥ 2 met s
St fluorescence ratio (340/380 nm ratio) 1sl7t giS2 &helEt.
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Figure IV=5. Analysis of calcium mobilization in different assay solutions.
Changes in intracelluar calcium concentration analysis using sweet taste receptor

expressed cells upon addition of 5% ethanol (A), 7% ethanol (B), and 10% ethanol (C).

Changes in fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using

sweet taste receptor subunits expressed cell upon various solutions.

- Rebaudioside A2| in vitro human EHoH==84% &M =4

v 5% O|EtZ2 S0l E35fE 200 uM rebaudioside A Zo| & Xz2|2 #H3ssk= calcium flixoll o

rir o

o3& =telst (Figure IV-6A).

Caz*-bound dye 340 nmI}t&o| &7 2 Caz*-unbound dye 380 nmItZ&to| ZtA= ML}

v' Assay buffer@l HBSS+20 mM HEPESEololl &3St 200 uM rebaudioside A o] & Xzl Z
H5}5h= calcium flixoll 2 Caz*-bound dye 340 nmiItat & Caz*—unbound dye 380 nmit

ol Habyt glEe &eler (Figure 1V-6B).

v 5% O|Et220fo| Z3st 200 uM rebaudioside A Zo| &2 XISt FA

S7tsk=

fluorescence ratio (340/380 nm ratio)& &2lstl, assay buffer®l HBSS+20 mM HEPESZ1H
of Ssi&t 200 uM rebaudioside A Zo| =Z&& X2[50{ fluorescence ratio (340/380 nm

ratio)oll Hist7} glSS H|lwE (Figure IV-6C).
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Figure IV-6. Ca?" signal analysis upon the addition of 200 uM of rebaudioside A.

A. Changes in intracelluar calcium concentration analysis using sweet taste receptor subunits
expressed cells upon addition of 200 uM rebaudioside A with 5% ethanol solution. B. Changes in
intracelluar calcium concentration analysis using sweet taste receptor subunits expressed cells
upon addition of 200 uM rebaudioside A with assay buffer (HBSS+20 mM HEPES). C. Changes in
fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using sweet taste
receptor subunits expressed cell upon addition of 200 uM rebaudioside A with 5% ethanol or
assay buffer. Reb A, rebaudioside A.

- Rebaudioside M2| in vitro human ttat+=2x &AM =3

v 5% oEt=Z0oiol Z3slSt 200 uM rebaudioside M Zo| 22 X2lZ #35}st= calcium flixofl
& Ca?*-bound dye 340 nmiIt&o| &7+ 2 Ca?*-unbound dye 380 nmItEO| ZAZ M7
L= T3 E =elgt (Figure IV-7A).

v Assay buffergl HBSS+20 mM HEPES&0oHo| &sliet 200 uM rebaudioside M Zo| 2% Xz
2 H3}sk= calcium flixoll 2 Caz*-bound dye 340 nmIt& 2 Caz*-unbound dye 380 nm
utztel #st7t glae =eld (Figure IV-7B).

v 5% O|Et2Zolo| 3alist 200 uM rebaudioside M #ol EERE Xelste FHAl JItstes
fluorescence ratio (340/380 nm ratio)& =t9lstl, assay bufferl HBSS+20 mM HEPES-&0H
of &slst 200 uM rebaudioside M Zo| & & X2[st0d fluorescence ratio (340/380 nm
ratio)ol #1=t7t el Hl# (Figure IV-7C).
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Figure IV=7. Ca?" signal analysis upon the addition of 200 uM of rebaudioside M.

A. Changes in intracelluar calcium concentration analysis using sweet taste receptor subunits
expressed cells upon addition of 200 uM rebaudioside M with 5% ethanol solution. B. Changes in
intracelluar calcium concentration analysis using sweet taste receptor subunits expressed cells
upon addition of 200 uM rebaudioside M with assay buffer (HBSS+20 mM HEPES). C. Changes in
fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using sweet taste
receptor subunits expressed cell upon addition of 200 uM rebaudioside M with 5% ethanol or

assay buffer. Reb M, rebaudioside M.

- G-stevia?l in vitro human BHEt+2X &M =3

v

5% OofletE Zofofl &slifst 200 uM G-stevia &0l =& HMz|Z2 H3tst= calcium flixoll &

Ca*-bound dye 340 nmit&o| Z7t % Caz*-unbound dye 380 nmItZ&o| ZAZ ML=

3 & gtelg (Figure 1V-8A).

Assay buffer@l HBSS+20 mM HEPES &uoHoll &sliet 200 uM G-stevia &0l & XMelZ2 H3t

5= calcium flixoll 2 Ca?*-bound dye 340 nmI}tZ 2 Caz*-unbound dye 380 nmItZte|

HetoL eles &elg (Figure 1IV-8B).

5% ol|lEt= ool Zalist 200 uM G-stevia Zo| 22 & X2lst= Al S7tst= fluorescence

ratio (340/380 nm ratio)E =telstil, assay bufferl HBSS+20 mM HEPES&0oHo| Zal st
oo

200 uM G-stevia Zo0] &S X 2|50 fluorescence ratio (340/380 nm ratio)oll Hist7F el
S H|W& (Figure 1V-8C).
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Figure 1V=-8. Ca?" signal analysis upon the addition of 200 uM of G-stevia.
A. Changes in intracelluar calcium concentration analysis using sweet taste receptor subunits
expressed cells upon addition of 200 uM G-stevia with 5% ethanol solution. B. Changes in
intracelluar calcium concentration analysis using sweet taste receptor subunits expressed cells
upon addition of 200 uM G-stevia with assay buffer (HBSS+20 mM HEPES). C. Changes in
fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using sweet taste
receptor subunits expressed cell upon addition of 200 uM G-stevia with 5% ethanol or assay
buffer.

- AHU|RAIOIS DHEOlA SEol HE SISt #4 I AW

— Rebaudioside A2 sTo WE clot+=gX &M Hs £H
(]

v 1, 10, 25, 50, 75, 100, 150, 300 uM® Ooi2{ SEZE rebaudioside AES X{2|s}0d
rebaudioside A Z0| & 2| s Tof w2l CEEE=EH 7t dose—dependentstH S Eelg =

oI5t rebaudioside A2l maximum intensity® LWEHI= SEo 50%sT2 19.43 uMe
EC50 zt2 A&teh (Figure 1V-9).
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Figure IV-9. Dose—dependent response of rebaudioside A concentrations.

The normalized sensor sensitivity was increased as the concentrations of rebaudioside A
increased, The activity was saturated at a high concentration dose of 300 uM. Reb A,
rebaudioside A.

- Rebaudioside M9 S =Tof mE CSt+8X &M Hs 53

v 1, 10, 25, 50, 75, 100, 150, 300 uMe|l oy == rebaudioside ME
rebaudioside M &0| &2 zTof el CSErEH 7t dose—dependentsti| M2 2& &
QIstX, rebaudioside M2l maximum intensityE LIEIL= &SE2| 50%s%¢l 29.54 uMe
EC50 #t= A &ter (Figure IV-10).
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Figure 1V=10. Dose—dependent response of rebaudioside M concentrations.

The normalized sensor sensitivity was increased as the concentrations of rebaudioside M
increased, The activity was saturated at a high concentration dose of 300 uM. Reb M,
rebaudioside M.

]

- AHH[QAIO[E EHMO|A G-steviall szol mE St A &M Hs &

v 1,10, 25, 50, 75, 100, 150, 300 uMe| 03] sE=Z G-steviag XZ[5t0{ G-stevia &0l =
Zo| zkof w2l =k IF dose-dependentshAl &AM 2 Hels Eeolst, G-steviall
maximum intensityS LIEIE ST 50%s5 T2l 26.23 uM2| EC50 #t= AHlAbe (Figure IV
-11).

o ox
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Figure IV=11. Dose—dependent response of G-stevia concentrations.
The normalized sensor sensitivity was increased as the concentrations of G-stevia increased. The
activity was saturated at a high concentration dose of 300 uM.

O invitro 48 & S8 AWM =EZ AN gt EXA 7|8 Y
= 3T3-L1 23 = % morphology & (E= XMzl 235 ¥ % morphology THES Sl
lipid accumulation 8= &%)
- Rebaudioside A, Rebaudioside M, G-stevia
v Glucose 5mM (Low G) ECt 20 uM rebaudioside A2t 10 uM, 30 uM G-Stevia X 2|Z0llA

lipid accumulation0| Zast= Z1tE 2HIgh (Figure IV-12A-B, 12E-F).
v Rebaudioside M2 0{[{ &+ dosedlME FeldMez A5t S (Figure IV-12C-D).
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Figure [V-12. Inhibitory effects of rebaudioside A, rebaudioside M, or G-stevia on lipid
accumulation in 3T3-L1 adipocytes.
Representative images lipid accumulation by Rebaudioside A (A-B), Rebaudioside M (C-D), and
G-stevia (E-F) treatment and cellular lipid accumulation was quantified by measuring the
absorbance at 492 nm. Data were shown as the mean * SEM. Different letters for given bars
means that those values are significantly different from each other (P < 0.05) using One-way
ANOVA. Low G, glucose 5 mM; High G, glucose 25 mM.
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- NHDC, G-NHDC
v Glucose 5 mMEC} 100 uM NHDCS2F 30uM, 50uM, 100uM G-NHDCOIA lipid accumulation
o] Zast= ZAuE =olgr (Figure IV-13A-B).

v G-NHDCE =2 E dosedlAl lipid accumulation0| Zt431H 2 (Figure 1V-13C-D).

MNHDC « 100 ubd

0 wAE -

LowG HighG 20uM  BOuM  100uM
' Low G

lowD HignG 3uM  10uM  MuM
+Low G

Figure IV=13. Inhibitory effects of NHDC or G-NHDC on lipid accumulation in 3T3-L1 adipocytes.
Representative images of lipid accumulation by NHDC (A-B), and G-NHDC (C-D) treatment.

Cellular lipid accumulation was quantified by measuring the absorbance at 492 nm. Data were
shown as the mean SEM. Different letters for given bars means that those values are significantly
different from each other (P < 0.05). Low G, glucose 5 mM; High G, glucose 25 mM.
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» 3T3-L1 celloA{e] AHH|2AIO|= = NHDCLF Ol =2 EXO|H 7t cell viabilityoll o|x|= A&
- Rebaudioside A, Rebaudioside M, G-stevia
v AHH|QALO|E2L AEH|QAOIE X0 E 24412 Sob X2|SI¥ S W, rebaudioside A,
rebaudioside M, G-stevia 25 OHet s=olME ®A2l XI0|E EHO|X[= 245, 0|E Sl
0| MZ=Mol| F&2 o|XX| 2= H2=Z2 2 (Figure IV-14A-C).

150+ "

18- 150
i £ £

z g'mn- 2 1004
i i 3
3 = " E

= E 1 = o4
] 3
o W ]

o g g L
LowC HighQ SuM  f0uM  20uM LowG Highd JuM  T0uM  30uM LowD High 2uM 10UN  30uM
+ Low G = Low G + Low G

Figure IV=14. Effects of rebaudioside A, rebaudioside M, G-stevia on 3T3-L1 cell viability for 24
h.

3T3-L1 preadipocytes were incubated with various doses of Rebaudioside A (A), Rebaudioside M
(B), or G-stevia (C) for 24 h and cell viability was measured by MTT assay. Data were shown as
the mean = SEM and expressed as percentage of untreated control cells. Low G, glucose 5 mM;
High G, glucose 25 mM.
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- NHDC, G-NHDC
v NHDC2t NHDC Y™O|HE 24A17F Sk Melst¥ S W, NHDC, G-NHDC 25 ofHst 5o
ME ®7oMel Xo|E Ho|X|E %Z. 0lE Sall 220l MESHol P& nlxX| = A2

2ol (Figure IV-15A-B).

ol
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A B
150+ 180+
: z
& 1004 2 104
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o4 [ 2
Lew G High G J0uM  S0uM  100uM Low G HighQ 30uM  50uM  180uM
 Low G = Low G

Figure IV-15. Effects of NHDC or G-NHDC on 3T3-L1 cell viability for 24 h.

3T3-L1 preadipocytes were incubated with various doses of NHDC (A) or G-NHDC (B) for 24 h
and cell viability was measured by MTT assay. Data were shown as the mean * SEM and
expressed as percentage of untreated control cells. Low G, glucose 5 mM; High G, glucose 25
mM.

*» RT-PCR= 0[&%l04 adipocyte (3T3-L1)ollA adipogenesis markere| 2§ X I d|m
- Rebaudioside A, Rebaudioside M, G-stevia
v Rebaudioside A, rebaudioside M, G-steviaE Xz|gt XA ZolM adipogenesis ZHH 2| key
regulatorel PPARy®2} SREBP-1CZ RT-PCRZ &elst AT}, rebaudioside MZt G-steviall Z&
¥ Low G (glucose 5 mM) groupZt =& HMz|Fate| Z& *xto|7t EO[X| &ALt High G
(glucose 25 mM) groupZct =& HMz|ZollM Zt |FXRIe| gsio] ZHAsES =eld = UUS

(Figure IV-16A-C).

A B C
LowG HighG 5 10 20uM LewG HighG 3 10  30uM LowG Hight 3 10 30uM
PPARY PPARY = PPARy
SREBP-1C SREBP-1C — SREBP-1C
GAPDH GAPDH _ GAPDH

Figure IV-16. Effect of rebaudioside A, rebaudioside M, and G-stevia on adipogenesis—related
gene in 3T3-L1 cell.

RNA expression of PPARy and SREBP-1C in 3T3-L1 cell were measured by RT-PCR analysis.
GAPDH was used as loading control. A. Rebaudioside A, B. Rebaudioside M, C. G-stevia. Low
G, glucose 5 mM; High G, glucose 25 mM.
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- NHDC, G-NHDC

v NHDC, G-NHDCE H™zlst XM ZoAM adipogenesis ZHH 2| key regulator@l PPARy<2t
SREBP-1CE& RT-PCRZ =telst Z1}, NHDCR} G-NHDCE HMelstd S f SREBP-1Ce| 24&
0| High G (glucose 25 mM)oll H|all ZA= RS, stX|2E Low G (glucose 5 mM)2bt= X077}
HOo|X| &5 (Figure IV-17A-B).

A B
LowG HighG 30 50 100uM LowG HighG 30 50 100uM

Figure IV=17. Effect of NHDC and G-NHDC on adipogenesis—related gene in 3T3-L1 cell.
RNA expression of PPARy and SREBP-1C in 3T3-L1 cell were measured by RT-PCR analysis.
GAPDH was used as a loading control. A. NHDC, B. G-NHDC. Low G, glucose 5 mM; High G,

glucose 25 mM.

O invitro 282 8%t &g 3 &2t X8 7|8 7Y
» CHAJM[Z(RAW 264.7 cell)ollA cell viability &8
- Rebaudioside A, Rebaudioside M, G-stevia
v RAW 264.7 celllM rebaudioside A, rebaudioside M, G-stevia Al2 SMAEH Z3} LPS
controlo| H|3t04 low glucose &R/Z (Low G-L, 5 mM glucose), high glucose &fF& (High
G-L, 25 mM)oll Akztelol cell viabilityZ7b 223K &oton], o|Z2 QIst SME LIEIX] £

(Figure IV-18A-C).
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£ 1001 = E* b £ 1004 b
F-1 —c -] E__' E ==
E E ; | E I.. -3
3 =1 =T % 50
= |
IS |
E
o i o ol ; —
Low G LowG-L 3 10 HtghGL Low LowG-L 3 10 I-Igh-GL lowe lowGL 3 10 High 61
TTlowel TTlowGl oy ey

Figure 1V-18. Effect of rebaudioside A, rebaudioside M, G-stevia on RAW 264.7 cell viability.

A. Rebaudioside A treatment. B. Rebaudioside M treatment. C. G-stevia treatment. The cells
were treated with 500 ng/ml LPS and each of the components for 24 h. Cell viability was
analyzed by using MTT assay. Values shown are the mean = SEM. Different letters for given bars
indicate that those values are significantly different from each other (P < 0.05). Low G, control;
Low G-L, low glucose (5 mM) + lipopolysaccharide; 3, each component 3 uM; 10, each
component 10 uM; High G-L, low glucose (5 mM) + glucose 20 mM.
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- NHDC, G-NHDC

v RAW 264.7 celldlA{ NHDC, G-NHDC AlZ2 Sd4a Z3 LPS controlol H|5t0{ low glucose
72 (Low G-L, 5 mM glucose), high glucose /& (High G-L, 25 mM)oll A2tgio| cell
viability7} ZtAsHX| gkton, o|2 Qs =ME LIENLIX] 225 (Figure IV-19A-B).

A B

[75] Ju)
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Figure 1V=19. Effect of NHDC, G-NHDC on RAW 264.7 cell viability.

A. NHDC treatment. B. G-NHDC treatment. The cells were treated with 500 ng/ml| LPS and each
of the components for 24 h. Cell viability was analyzed by using MTT assay. Values shown are
the mean = SEM. Different letters for given bars indicate that those values are significantly
different from each other (P < 0.05). Low G, control; Low G-L, low glucose (5 mM) +
lipopolysaccharide; 3, each component 3 uM; 10, each component 10 uM; High G-L, low

glucose (5 mM) + glucose 20 mM.

» CHAIMZ(RAW 264.7 cell)dllAM NO production £X
— Rebaudioside A, Rebaudioside M, G—stevia

v LPSE 7|&Z2Z glucose 25 mM (High G-L) ollAM NO<l MAMo| |2 oA

A

_Id
mo
i

o=

ol

7}st

rr

v LPSE 7|EZ22 rebaudioside A, rebaudioside M, G-stevia ZfZt 3, 10 uMOlAl Low G-L=}
Hlstod NO Mol RofXol Walyt Ho|X| 28 &l J2ut Aol fge 2 =
Mol ME oA ZSHo|lM=, glucose 25 mM (High-G-L)oll H|aH low glucoseodllA AlFZto|E
& XMzl groupdlM NO Mao| feldez zast A =elgt (Figure IV-20A-C).

o
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Figure 1V-20. Effect of rebaudioside A, rebaudioside M, G-stevia on NO production in RAW 264.7
cell.

A. Rebaudioside A treatment. B. Rebaudioside M treatment. C. G-stevia treatment. The cells
were treated with 500 ng/ml LPS and each of the components for 24 h. Values shown are the
mean = SEM. Different letters for given bars indicate that those values are significantly different
from each other (P < 0.05). Low G, control; Low G-L, low glucose (5 mM) + lipopolysaccharide;
3, each component 3 uM; 10, each component 10 uM; High G-L, low glucose (5 mM) + glucose
20 mM.

~ NHDC, G-NHDC

v LPSE 7|E22 glucose 256 mM (High G-L) olM NO2| dMo| Relxez Frtsts AE &
ol

v LPSE 7|&Z22Z NHDC, G-NHDC ZfZt 10 uMollAl Low G-L=} H| 1w 5}0d
ol W3t HolX| g8 Fel. asu *'ﬂ”ﬂlm’" e 2 =Xl ME A é“.joil/\if
glucose 25 mM (High-G-L)oll H|sll low glucosedlA AMFZo|EE HMelst groupdlA NO &

o Rolxoz zZtast ZHg &eldt (Figure IV-21A-B).
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Figure 1V=21. Effect of NHDC, G-NHDC on NO production in RAW 264.7 cell.

A. NHDC treatment. B. G-NHDC treatment. The cells were treated with 500 ng/ml| LPS and each
of the components for 24 h. Values shown are the mean = SEM. Different letters for given bars
indicate that those values are significantly different from each other (P < 0.05). Low G, control;
Low G-L, low glucose (5 mM) + lipopolysaccharide; 3, each component 3 uM; 10, each
component 10 uM; High G-L, low glucose (5 mM) + glucose 20 mM.
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» RT-PCR=2 0|23l HAMZ(RAW 264.7 cell)ollM pro-inflammatory cytokine?l & =3
H|m
— Rebaudioside A, Rebaudioside M, and G-stevia

gtolst

v LPSE 7|F22Z rebaudioside A, rebaudioside M, G-stevia ZtZf 3, 10 uMollM Low G-L
group} H|W3t0f pro-inflammatory cytokine@! IL-1B, IL-62| Fel& ol Bi57t HO|X| 23S
ghol, Jfu Maggo|EF Jfeel 2 =Ml ME oid ZHolAM =, glucose 20 mM (High
G-L)oll H|slf low glucosedlM AlZto|E& HM2|st groupdlA pro-inflammatory cytokine@l
IL-1B, IL62| dAo| Zast g =eld (Figure IV-22A-C).

A + Low G-L B + Low G-L
Low G Low G-L 3 10 High G-L Low G Low G-L 3 10 High G-L
wo [ -
C + Low G-L
Low G LowiG-L 3 10 High G-L
IL-1p
IL-&6
GAPDH

Figure IV-22. Effect of rebaudioside A, rebaudioside M, and G-stevia on pro—-inflammatory
cytokine in RAW 264.7 cell.

RNA expression of IL-1B and IL6 in RAW 264.7 cell were measured by RT-PCR analysis. GAPDH
was used as a loading control. A. Rebaudioside A, B. Rebaudioside M, C. G-stevia. The cells
were treated with 500 ng/ml LPS and each of the components for 24 h. Low G, control; Low
G-L, low glucose (5 mM) + lipopolysaccharide; 3, 3 uM each sweetener; 10, each component 10
uM; High G-L, high glucose (20 mM) + lipopolysaccharide.

— NHDC and G-NHDC
v LPSE 7|&Z2Z glucose 25 mM (High G-L)AIM control =oll |3} IL-1B2} IL-6 &&do| &

\J

t
st AE =elgh

v LPSE 7|&Z2Z NHDC, G-NHDC Z2Z+ 3, 10 uMollM Low G-L groupat H|1st0d
pro—inflammatory cytokine@l IL-181} [L-62| wo|AMl #HEIF 2o|X| 2gg =l agut
o2 JHeYel 2 =&l ME x| ZHolAM = glucose 25 mM (High G-L)oll H|al low
glucose (5 mM)olAl AMRZo|EE XMz|lst groupolM pro—-inflammatory cytokine®! IL-1B,
IL-62] mRNA &io] A5t ZHAS =elg (Figure IV-23A-B).
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Figure 1V-23. Effect of NHDC and GNHDC on pro-inflammatory cytokine in RAW 264.7 cell.

RNA expression of IL-1B and IL6 in RAW 264.7 cell were measured by RT-PCR analysis. GAPDH
was used as a loading control. A. NHDC, B. GNHDC. The cells were treated with 500 ng/ml
LPS and each sweetener for 24 h. Low G, control; Low G-L, low glucose (5 mM) +
lipopolysaccharide; 3, 3 uM each sweetener; 10, 10 uM each sweetener; High G-L, glucose (20
mM) + lipopolysaccharide .

» DAL M| (RAW 264.7 cell)ollM pro—inflammatory mediatore| THEHZAIEIS =4 ol H|@
— Rebaudioside A, Rebaudioside M, and G—stevia
v LPSE 7|&2 2 glucose 20 mM (High G-L) olM COX2 &tsdo| S7tst= A &eleh

| &

v LPSE 7|F22Z rebaudioside A, rebaudioside M, G-stevia ZtZf 3, 10 uMollM Low G-L
group@} H|WSE0{ pro-inflammatory mediator@l COX22| Fe|&Meol #5trt Ho|X| LIS =hel.
J{u AMaZo|EE el 2 Al ME | FHolM+&, glucose 25 mM (High G-L)oll

MzolE& Ma2lgh groupdlAl pro-inflammatory mediatorg!

x

H|5 low glucose (5 mM)ol|
COx2e| MAMo| Zast HS &eldt (Figure 1V-24A-C).

+ Lowr G4 & Lows G-l + Lo Gl

lowG lowG-l 3 10 HighGL lowG lowG-L 3 10 HighGd LowG LowG-l 3 10 HighGL
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Figure 1V-24. Effect of rebaudioside A, rebaudioside M, and G-stevia on pro—inflammatory
mediator in RAW 264.7 cell.

Protein expression of COX2 in RAW 264.7 cell were measured by western blot analysis. B-actin
was used as a loading control. A. Rebaudioside A, B. Rebaudioside M, C. G-stevia. The cells
were treated with 500 ng/ml LPS and each sweetener for 24 h. Low G, control; Low G-L, low
glucose (5 mM) + lipopolysaccharide; 3, 3 uM ; 10, 10 uM each sweetener; High G-L, glucose
(20 mM) + lipolysaccharide.

— NHDC and G-NHDC

v LPSE 7|&22Z glucose 20 mM (High G-L)ollA COX27t &E7tst= AW =kl

v LPSE 7|Z2Z NHDC, NHDC &H™olxd ztzt 3, 10 uMollAl Low G-L groupZ} H|W35}04
pro—inflammatory mediatorgl COX22| F2ol&el Loyt HolX| 2g& &el. J2{Lt A+
o2 Jjgel 2 Mol dY A FHolA =, glucose 20 mM (High G-L)oll H[3l low
glucose (5 mM)ollM AlzZol2Z XMz|st groupdlM pro-inflammatory mediatorl COX22|
MMo| Zast A2 #eld (Figure IV-25A-B).
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Figure IV-25. Effect of NHDC and GNHDC on pro—inflammatory mediator in RAW 264.7 cell.
Protein expression of COX2 in RAW 264.7 cell were measured by western blot analysis. B—actin
was used as a loading control. A. NHDC, B. GNHDC. The cells were treated with 500 ng/ml LPS
and each sweetener for 24 h. Low G, control; Low G-L, low glucose (5 mM) +
lipopolysaccharide; 3, 3 uM each sweetener; 10, 10 uM each sweetener; High G-L, low glucose
(20 mM) + lipoplysaccharide.
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HolM Z2% A&S st= PPARy, C/EBPa, X4t
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Xlof| A CHEdElS 2E[50{ pro-inflammatory mediatorel COX22| gsdS
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JI>|l

5% Ooflet=&oliol &8st 40 uM NHDC Zo| =& HMel2 ¥ 3tst= calcium fluxoll E Ca?*
—-bound dye 340 nmItEo| EI7F ¥ Caz—unbound dye 380 nm I}ZHO| ZAZ ML= T3
£ =eldt (Figure IV-26A).

Assay buffergl HBSS+20 mM HEPES30Ho|l &35lle 40 uM NHDC #o| % X2 Hstst=
calcium fluxoll & Ca*-bound dye 340 nm It& F Ca?-unbound dye 380 nm u}&Ere|
37t ARAE % gholgt (Figure IV-26B).

5% Oollet2&oijo Ssiiet 40 uM NHDC #o|l 2&g Xzlste FAl Z715t= fluorescence
ratio (340/380 nm ratio)& =r¢Ist1, assay buffer2l HBSS+20 mM HEPES&0Ho| &3l $F 40
uM NHDC Zo| & & X2|stof fluorescence ratio (340/380 nm ratio)oll #Hsl7} glgS H|l
& (Figure 1V-26C).

Ol2M 5% OlEZ2EIE F= Ao ALEsH[2 &
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Figure 1V-26. Ca?" signal analysis by adding 40 uM of NHDC.

A. Changes in intracelluar calcium concentration analysis using sweet taste receptor subunits
expressed cells upon addition of 40 uM NHDC with 5% ethanol solution. B. Changes in
intracelluar calcium concentration analysis using sweet taste receptor subunits expressed cells
upon addition of 40 uM NHDC with assay buffer (HBSS+20 mM HEPES). C. Changes in
fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using sweet taste
receptor subunits expressed cell upon addition of 40 uM NHDC with 5% ethanol or assay buffer.
Neohesperidin dihydrochalcone, NHDC.

L

- GNHDC®| in vitro human T8 &M 5%

v 5% o Et=Zofoll Saligt 40 uM GNHDC #o| 22 MelZ2 #3tst= calcium fluxoll 2 Ca?
—-bound dye 340 nm ItEo| 7t ¥ Caz*-unbound dye 380 nm ItEO| ZAZ ML= I
A& =kelet (Figure IV-27A).

v' Assay buffer?l HBSS+20 mM HEPESEoHo| Zalist 40 uM GNHDC Zo| & MzZ|l=2 H3stst
+ calcium fluxoll 2 Caz-bound dye 340 nm I}& 2 Ca?*-unbound dye 380 nm I}EHQ|
HeoL eles &g (Figure IV-27B).

v 5% Oof|lEt=Zololl 83siet 40 uM GNHDC #o| 2Z2 HMezlste FHAl B71st= fluorescence
ratio (340/380 nm ratio)& =¢lst1, assay buffer2l HBSS+20 mM HEPES&0Ho| &3l $F 40
uM GNHDC Zo| & & X zl5t01 fluorescence ratio (340/380 nm ratio)oll #Hsi7} glSS &
elstod "W st (Figure 1IV-27C).
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Figure IV-27. Ca?" signal analysis by adding 40 uM of GNHDC.
A. Changes in intracelluar calcium concentration analysis using sweet taste receptor subunits
expressed cells upon addition of 40 uM GNHDC with 5% ethanol solution. B. Changes in
intracelluar calcium concentration analysis using sweet taste receptor subunits expressed cells
upon addition of 40 uM GNHDC with assay buffer (HBSS+20 mM HEPES). C. Changes in
fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using sweet taste
receptor subunits expressed cell upon addition of 40 uM GNHDC with 5% ethanol or assay buffer.
» NHDC YZHold sxo g HHoH=8X5
- NHDC2| 5= g ciSt+3A &d Hat
v 1, 5,10, 20, 40, 60, 80, 100 uM2| 0o{2f ==& NHDCE X{2|st0f NHDC &bl =22 s&
of w2l B8R 7 dose-dependentstAl EAdg HEES Eelsti, NHDCEl maximum
intensityS LIEF= sE2 50%sEQ! 14.15 uMe| EC50 ZtS A&t (Figure 1V-28).
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Figure 1IV-28. Dose—dependent response of NHDC concentrations.

The normalized sensor sensitivity was increased as the concentrations of NHDC increased, The
activity was saturated at a high concentration dose of 100 uM. Neohesperidin dihydrochalcone,
NHDC.
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Figure IV-29. Dose—dependent response of GNHDC concentrations.
The normalized sensor sensitivity was increased as the concentrations of GNHDC increased, The
activity was saturated at a high concentration dose of 100 uM.
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Table IV—1. Effects on food intake, water intake, and body weight in db/db mice.

Ctrl Reb A G-Reb A G-stevia
Food intake (g/day) 5.88 + 0.30° 5.85 = 0.21? 6.21 + 0.262 6.01 = 0.20°
Food efficiency ratio
498 + 0.41¢ 6.02 = 0.41? 5.80 = 0.74* 493 + 0.762

(%)

Water intake (ml/day) 20.01 £ 1.79% 19.05 + 1.68% 22.09 + 1.86% 20.19 + 1.83°

Final body weight (g) 32.59 + 0.96% 32.97 + 1.382 33.74 + 1.75% 33.08 + 1.28%

Body weight gain (g) 11.01 + 0.86% 12.28 + 1.37% 12.01 + 1.97# 10.83 + 1.30°

All data were presented with mean = SEM and analyzed by one—way ANOVA with Newman—-Keuls
test. Each alphabet letter indicates significant difference each other (P < 0.05). Ctrl, db/db mice
control; Reb A, db/db mice with rebaudioside A supplement; G-Reb A, db/db mice with glycosyl
rebaudioside A supplement; G-stevia, db/db mice with G—Stevia supplement.
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Figure 1V-30. Effects on blood glucose levels and OGTT in db/db mice.

A. Blood glucose levels were measured for 6 weeks. B. OGTT was performed after 3 weeks and
AUC was calculated. All data were presented with mean = SEM and analyzed by one-way
ANOVA with Newman—Keuls test. Ctrl, db/db mice control; Reb A, db/db mice with rebaudioside
A supplementation; G-Reb A, db/db mice with glycosyl rebaudioside A supplementation; G-stevia,

db/db mice with G-stevia supplementation.

» ZF B &3 A tissue histopathology 2&t
- Reb A, G-Reb A, G-stevia d# ZF0lM Ctri the| mstx|gt =Z|o] A7} Rolxoz Z
A Folgh RE MFZolMel ZF =& BH = LAsSs dES &elsty| oz (Table 1IV-2).

Table IV-2. Effects on tissue weight in db/db mice.

Ctrl Reb A G-Reb A G-stevia
Subcutaneous adipose b b b
) 1.19 + 0.12° 0.99 + 0.10 0.96 + 0.08 0.97 + 0.09
tissues (g)
Total adipose tissues (g) 1.19 + 0.122 0.99 + 0.10° 0.96 + 0.08° 0.97 + 0.09°
Liver tissues (g) 1.89 + 0.14° 2.02 + 0.112 1.91 + 0.102 1.89 + 0.05°

All data were presented with mean = SEM and analyzed by one—way ANOVA with Newman—Keuls
test. Each alphabet letter indicates significant difference each other (P < 0.05). Ctrl, db/db mice
control; Reb A, db/db mice with rebaudioside A supplementation; G-Reb A, db/db mice with
glycosyl rebaudioside A supplementation; G—stevia, db/db mice with G—stevia supplementation.

- H&E Staining 24 A2 &3l adipocyte area® X350 B W& (Figure IV-31A).

- G-stevia0olA Ctri CHH| adipocyte areal| Za AEZ2 Eolsig o), RelMo| EEEHX = &
£ (Figure IV=31B).
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Figure IV-31. Effects on adipocyte area of subcutaneous adipose tissues.

A. Subcutaneous adipose tissues of (a) Ctrl, (b) Reb A, (c) G-Reb A, (d) G-stevia were
assessed by H&E staining. B. Adipocyte area of subcutaneous adipose tissues was calculated. All
data were presented with mean = SEM and analyzed by one-way ANOVA with Newman—Keuls
test. Each alphabet letter indicates significant difference each other (P < 0.05). Ctrl, db/db mice
control; Reb A, db/db mice with rebaudioside A supplementation; G-Reb A, db/db mice with
glycosyl rebaudioside A supplementation; G—stevia, db/db mice with G—stevia supplementation.

» Lipid profile &4
- Reb A, G-Reb A, G-stevia ZE MFZoM Ctri the] & ZSelAHE 2 TG (Triglyceride) 2

da 42 =elsty| ol Z (Table 1V-3).

Table IV-3. Effects on lipid profiles in db/db mice.
Ctrl Reb A G-Reb A G-stevia

Total cholesterol (mg/dl) 177.26 + 2.56% 180.29+ 4.49° 175.67 + 3.91° 175.67 + 5.68°

+

Triglyceride (mg/dl) 179.12 £ 21.2% 185.03 + 7.58%  207.11 £ 7.54% 211.1 + 2.84°

All data were presented with mean = SEM and analyzed by one—way ANOVA with Newman—Keuls
test. Each alphabet letter indicates significant difference each other (P < 0.05). Ctrl, db/db mice
control; Reb A, db/db mice with rebaudioside A supplementation; G-Reb A, db/db mice with
glycosyl rebaudioside A supplementation; G—stevia, db/db mice with G—stevia supplementation.
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- PEPCK2| w32 G-Reb A2t G-stevia®lM Ctrl C = CHH| ZiAsh AES =elst
FAtE 2lsto] Feoldol =&KX 2Z (Figure 1V-32B).
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Figure IV-32. Effects on gluconeogenesis in liver tissues.
Expression of mMRNA was assessed for (A) G6Pase and (B) PEPCK. All data were presented with

mean = SEM and analyzed by one-way ANOVA with Turkey test. Each alphabet letter indicates

significant difference each other (P < 0.05). G6Pase, Glucose—6—-phosphatase; PEPCK,
phosphoenolpyruvate carboxylase; Ctrl, db/db mice control; Reb A, db/db mice with rebaudioside
A supplementation; G-Reb A, db/db mice with glycosyl rebaudioside A supplementation; G-stevia,

db/db mice with G—stevia supplementation.
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Figure IV=33. Effects on adipogenesis in subcutaneous adipose tissues.

Expression of mRNA was assessed for (A) Ppary and (B) C/ebpa. All data were presented with
mean = SEM and analyzed by one-way ANOVA with Turkey test. Each alphabet letter indicates
significant difference each other (P < 0.05). C/ebpa, CCAAT/enhancer binding protein alpha; Ppar
¥, peroxisome proliferator-activated receptor gamma; Ctrl, db/db mice control; Reb A, db/db
mice with rebaudioside A supplementation; G-Reb A, db/db mice with glycosyl rebaudioside A
supplementation; G-stevia, db/db mice with G—stevia supplementation.

i BebA G-RetA Gsiowva

- Cptla= I otX|E, Ppara= ZF ZZEO|A siE &

- Reb A, Gstevia dF A& Cirl oiu] & = UAS(Figure 1V-34A).

- Reb A, G-Reb A, G-stevia M2 Ctrl I} H|ZI5I¥ S W] Cptiall 20| Zutste Aste &
[e]

oleh & AZ. 2 HdFTolMel 2 EEQAE ¢St RolMo| =E=X| &Z& (Figure 1IV-34B).
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Figure IV-34. Effects on B—oxidation in liver and subcutaneous adipose tissues.

Expression of mRNA was assessed for (A) Ppara, (B) Cptla. All data were presented with mean
+ SEM and analyzed by one-way ANOVA with Turkey test. Each alphabet letter indicates
significant difference each other (P < 0.05). Ppara, peroxisome proliferator-activated receptor
alpha; Cptla, carnitine palmitoyltransferase 1 alpha; Ctrl, db/db mice control; Reb A, db/db mice
with rebaudioside A supplementation; G-Reb A, db/db mice with glycosyl rebaudioside A
supplementation; G-stevia, db/db mice with G-stevia supplementation.
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Figure IV-35. Effect on pro—-inflammatory mediator in subcutaneous adipose tissues.

Protein expression of COX2 in subcutaneous adipose tissues were measured by western blot
analysis. B—actin was used as a loading control. All data were presented with mean = SEM and
analyzed by one—way ANOVA with Tukey test. Each alphabet letter indicates significant difference
each other (P < 0.05). COX2, cyclooxygenase 2; Ctrl, db/db mice control; Reb A, db/db mice
with rebaudioside A supplementation; G—-Reb A, db/db mice with glycosyl rebaudioside A
supplementation; G-stevia, db/db mice with G-stevia supplementation.

O in vivo db/db OFRAZH 2 0|25 NHDCEMO|A &2k U sHZ g 7=
= AO|MAE, AlFYFHT X ME 5
- NHDC2} GNHDC M2 ZFo|A Ctrl t=2 ciid]
golgh Alo|YFHS HIESR MESH Ao 28 A9A F I 2F
(Table 1V—4).
F 432 2FoM =2E MBo| Hiots S EelE. GNHDC MFFoMe welXel MEB

St A7t LHEH.

0

Table IV-4. Effects on food intake, water intake and body weight in db/db mice.

Ctrl NHDC GNHDC
Food intake (g/day) 6.25 £ 0.20° 5.90 £ 0.20° 6.00 + 0.27°
Food efficiency ratio (%) 5.86 = 0.462 5.13 £ 0.54 4.29 + 0.46°
Water intake (ml/day) 18.31 = 1.47° 14.68 + 1.65° 1492 + 1.68°
Final body weight (g) 37.75 + 1.38% 35.23 + 0.64° 35.32 + 1.267
Body weight gain (g) 9.80 £ 0.67% 8.01 = 0.69° 6.95 + 0.79°

All data were presented with mean = SEM and analyzed by one—way ANOVA with Newman—Keuls
test. Each alphabet letter indicates significant difference each other (£ < 0.05). Ctrl, db/db mice
control; NHDC, db/db mice with neohesperidin dihydrochalcone supplementation; GNHDC, db/db
mice with glycosyl NHDC supplementation.
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Figure 1V-36. Effects on blood glucose levels and OGTT in db/db mice.

A. Blood glucose levels were measured for 4 weeks. B. OGTT was performed after 2 weeks and
AUC was calculated. All data were presented with mean = SEM and analyzed by one-way
ANOVA with Newman—-Keuls test. Each alphabet letter indicates significant difference each other
(P < 0.05). Ctrl, db/db mice control; NHDC, db/db mice with neohesperidin dihydrochalcone
supplementation; GNHDC, db/db mice with glycosyl NHDC supplementation.

» ZF B &3 A tissue histopathology 2&t

- NHDC2t GNHDC M F|= ZFolAM Ctrl =+ Cfd| x|stX|g =& FHJI Feldoz ZAsts
solst & M2 2ROIA 2t mXo| R Aasts Aes selsiiol), geolMo| &g
= %5 (Table IV-5).
Table IV-5. Effects on tissue weight in db/db mice.
Ctrl NHDC GNHDC

Subcutaneous adipose tissues (g) 2.46 + 0.47° 1.27 + 0.16° 1.49 + 0.19°

Total adipose tissues (g) 566 £ 0.49? 4.42 + 0.20° 457 + 0.24°

Liver tissues (g) 2.31 + 0.05° 2.13 + 0.09° 2.08 + 0.12°

All data were presented with mean = SEM and analyzed by one—way ANOVA with Newman—Keuls
test. Each alphabet letter indicates significant difference each other (A< 0.05). Ctrl, db/db mice
control; NHDC, db/db mice with neohesperidin dihydrochalcone supplementation; GNHDC, db/db
mice with glycosyl NHDC supplementation.
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- 5 MFHT EFOA Ctrl cH=Z he| m|stX|gek =ZXo|Me| X|g7 7|7t fodez UAs2 &
olgk H&E Staining 241 Z1E S35l adipocyte area® =7 5H0{ "t (Figure IV-37).
A a h c

_— e e
8

- 10000
-

a
& g0 T
£
.
s 5000 b_ b
%.
#2500
=

1]
ik it FERT

Figure IV=37. Effects on adipocyte area of subcutaneous adipose tissues.

A. Subcutaneous adipose tissues of (a) Ctrl, (b) NHDC, and (c) GNHDC were assessed by H&E
staining. B. Adipocyte area of subcutaneous adipose tissues was calculated. All data were
presented with mean £ SEM and analyzed by one-way ANOVA with Newman-Keuls test. Each
alphabet letter indicates significant difference each other (p < 0.05). Ctrl, db/db mice control;
NHDC, db/db mice with neohesperidin dihydrochalcone supplementation; GNHDC, db/db mice

with glycosyl NHDC supplementation.
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- F MFHZT ZF0lAM Ctrl =T tie| zF =HollM el X|gk7 F7(2f SR o] Hasts d&2

gelstgiert, 7oldol E&=Xl& &5 (Figure 1V-38).

B

754
H
g a
o &0+ I
E
£
i =
3

g )
i NfH(m EEN IR

Figure IV-38. Effects on hepatic triglyceride in liver tissues.

A. Liver tissues of (a) Ctrl, (b) NHDC, and (c) GNHDC were assessed by H&E staining. B.
Hepatic triglyceride was quantified. All data were presented with mean £ SEM and analyzed by
one—-way ANOVA with Newman—Keuls test. Each alphabet letter indicates significant difference
each other (P < 0.05). TG, triglyceride; Ctrl, db/db mice control; NHDC, db/db mice with
neohesperidin  dihydrochalcone supplementation; GNHDC, db/db mice with glycosyl NHDC
supplementation.

» 522 2 |ipid profile &&
- GNHDC MZF oM Ctrl th=3 tHy| H|oAH 23t f2| XgMn 5 ZAH S0 fFelde=z
Zastg Eelgh NHDC MEF oM Zastke eSS &lsid ot felMol E&5Xe 23

(Table 1V-6).

- GNHDC M # oM Ctrl == cfs| EEo| & otclzZUH Elo| SIt5h= Zeko| LIEE. gt
tE NHDC M F oAM= Ctrl th=a the| BBIo| S7tst, otb|zZHEEl0| ZHashs ZAE0| LIE}
. F dFZoM 25 Roldol ZEFXE ES.

— GNHDC M# oM Ctrl tH== cie| ¢lsglo] Zastks dekol LEHg2n], B2 NHDC &
TOlME Ctrl tH=Z the| el&2lo] S7tsks d ol LEHE. NHDC /,g-.—l—_rloﬂ/\-lm 7olA ATt
LIEHE. ol= 7|7tz O|ojX|X| 2 &Y

5
_()'£
K
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Table IV-6. Effects on lipid profiles and cytokines in db/db mice.

Ctrl NHDC GNHDC

NEFA (mEq/1) 0.73 £ 0.04° 0.63 + 0.02° 0.61 + 0.04°
Total cholesterol (mg/dl) 159.39 + 3.60% 158.81 + 2.57% 146.17 + 4.03°
LDL-cholesterol (mg/dl) 76.50 = 4.80% 73.47 £ 2.062 61.29 + 6.372
HDL-cholesterol (mg/dl) 53.54 + 3.02° 53.82 + 2.10° 54.77 + 5.21°
Triglyceride (mg/dl) 146.78 + 3.77° 157.61 + 7.09% 149.91 + 11.817
Leptin (ng/dl) 30.05 + 1.24% 31.27 + 1.74% 25.67 + 3.37%
Adiponectin (ng/dl) 0.54 + 0.02%° 0.50 + 0.02% 0.62 + 0.04°
Insulin (ng/dl) 1.77 £ 0.28° 2.95 + 0.36° 1.42 + 0.24°

All data were presented with mean = SEM and analyzed by one—way ANOVA with Newman-Keuls
test. Each alphabet letter indicates significant difference each other (P < 0.05). NEFA,
non-esterified fatty acid; Ctrl, db/db mice control; NHDC, db/db mice with neohesperidin
dihydrochalcone supplementation; GNHDC, db/db mice with glycosyl NHDC supplementation.

= X|dt xEFoAQ H|TF CHAF 7|1™ W
- GNHDC d#ZollM Ctrl == CH| Cd362| €3o| wolHez Hags 2ftelg. NHDC dF 2

olM= 2 BEXIZE 2lstd Reldo|l &KX 2S5 (Figure IV-39A).
- GNHDC M F| oM Ctrl C == CHd| Lple| &do| Feldoz Hdasts 2elst. NHDC A F Zof
Mz & ZFE2RZE 2lsto FelMo| =& X %S (Figure IV-39B).
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Figure 1V=39. Effects on fatty acid uptake in subcutaneous adipose tissues.
Expression of mRNA was assessed for (A) Cd36 and (B) Lpl. All data were presented with mean
+ SEM and analyzed by one-way ANOVA with Newman—Keuls test. Each alphabet letter indicates
significant difference each other (P < 0.05). Cd36, cluster of differentiation 36; Lpl, lipoprotein
lipase; Ctrl, db/db mice control; NHDC, db/db mice with neohesperidin dihydrochalcone
supplementation; GNHDC, db/db mice with glycosyl NHDC supplementation.
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- NHDC2} GNHDC M= ZFollM Ctrl =& ChH| Pparyel gsdo| ZtAst= HES &olsige
L, RelMol &K= &S (Figure IV-40A).
- NHDC2} GNHDC M#F & ZFolA Ctrl =% the| C/ebpall wdio| HAsl= HeS &2l

oL, folMo| EEEX= 2 (Figure IV-40B).
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Figure 1V-40. Effects on adipogenesis in subcutaneous adipose tissues.

Expression of mRNA was assessed for (A) Ppary and (B) C/ebpa. All data were presented with
mean = SEM and analyzed by one-way ANOVA with Newman—Keuls test. Each alphabet letter
indicates significant difference each other (P < 0.05). C/ebpa, CCAAT/enhancer binding protein
alpha; Ppary, peroxisome proliferator—activated receptor gamma; Ctrl, db/db mice control; NHDC,

db/db mice with neohesperidin dihydrochalcone supplementation; GNHDC, db/db mice with
glycosyl NHDC supplementation.
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Figure IV-41. Effects on lipogenesis in subcutaneous adipose tissues.

Expression of mRNA was assessed for (A) Srebplic and (B) Fas. All data were presented with
mean = SEM and analyzed by one-way ANOVA with Newman—Keuls test. Each alphabet letter
indicates significant difference each other (P < 0.05). Fas, fatty acid synthase; Srebpic, sterol
regulatory element-binding protein 1; Ctrl, db/db mice control; NHDC, db/db mice with

neohesperidin  dihydrochalcone supplementation; GNHDC, db/db mice with glycosyl NHDC
supplementation.
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— NHDC2} GNHDC &= ZFo|M Ctrl == tiH| Hsle| wsdo| FolMez clzX| 252 29
et (Figure 1V-42).
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Figure 1V-42. Effects on lipolysis in subcutaneous adipose tissues.
Expression of mRNA was assessed for (A) Hsl. All data were presented with mean + SEM and
analyzed by one-way ANOVA with Newman—-Keuls test. Each alphabet letter indicates significant
difference each other (P < 0.05). Hsl, hormone sensitive lipase; Ctrl, db/db mice control; NHDC,
db/db mice with neohesperidin dihydrochalcone supplementation; GNHDC, db/db mice with
glycosyl NHDC supplementation.

- NHDC®F GNHDC M F & ZFolAM Ctrl th=F CHH| Acsl1e| 30| Relxoz Jotes &eldt
(Figure 1V-43A).

- NHDC®2} GNHDC M F|= Z5FollA Ctrl th=Z tiH| Acox1e| o] thHz2 E7lste dEs2 &
elstiert, weldol &= X+ 23 (Figure 1V-43B).

- GNHDC MZF ZolM Ctrl =+ CiH| Cptlal &§o| ReldMoz2 FrtetE =elg. NHDC M3
T ME 2 EELRZE 2lsto] foldo| EEEX| &S (Figure IV-43C).
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Figure IV-43. Effects on B—oxidation in subcutaneous adipose tissues.

Expression of mRNA was assessed for (A) Acsll, (B) Acoxl, and (C) Cptla. All data were
presented with mean £ SEM and analyzed by one-way ANOVA with Newman—Keuls test. Each
alphabet letter indicates significant difference each other (P < 0.05). Acox1, acyl-CoA oxidase 1;
Acsl1, acyl-CoA synthetase long—chain family member 1; Cptla, carnitine palmitoyltransferase 1
alpha; Ctrl, db/db mice control; NHDC, db/db mice with neohesperidin dihydrochalcone
supplementation; GNHDC, db/db mice with glycosyl NHDC supplementation.
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- NHDC2} GNHDC MF = ZFolAl Ctrl CH= | Ucplel &io| Reldez Eiterg el
(Figure IV-44A).

- GNHDC M ZollAM Ctrl th=F tid| Pgclall &edo] felxez Frtehs gelgt NHDC M7
ToM= 2 EELXE 2l5to felMdol =&KX 22 (Figure 1V-44B).

- NHDC2} GNHDC M F & ZFolM Ctrl = tHH| Prdm162| £&o| Relxez FItgs =l
e (Figure 1V-44C).

A ' 8
%

APV i o .
e —— " §
= i 2%
== 2 = ¥ 4
F: %3
B oy a i
& -
3 E 1 o

& o

& >

o
i peitin {=MEHE] i HEEI M xR
£ 3 b b

» .
- K
2E
g
¥ o
i a
i 2
# g

b

ol : 3 =
iy MAES EEETIE N

Figure IV-44. Effects on fat browning in subcutaneous adipose tissues.

Expression of mRNA was assessed for (A) Ucpl, (B) Pgcla. and (C) Prdm16. All data were
presented with mean £ SEM and analyzed by one-way ANOVA with Newman-Keuls test. Each
alphabet letter indicates significant difference each other (P < 0.05). Pgcla, peroxisome
proliferator—activated receptor gamma coactivator 1 alpha; Prdm16, positive regulatory domain 16;
Ucp1, uncoupling protein 1; Ctrl, db/db mice control; NHDC, db/db mice with neohesperidin
dihydrochalcone supplementation; GNHDC, db/db mice with glycosyl NHDC supplementation.
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e =8 9 Oral glucose tolerance test (OGTT) &4

v AE 3FXto| 12412 3= F, opA W2| Yol HHS i F 5t OGTT M2 AlASIRS.
Zt 220 S = 1 go zEEE d7 F04s5t01 0, 30, 60, 90, 120 T U= A
Fst EHsS EHE. €4 Hst 3MS HIE2Z Area under curve (AUC)E HIAH5H0] RebA,
NHDC, COMB d##<9| 8¢ 35525 "iteh

- =% B &3 % tissue histopathology &

v 3|M Al ofRA9| mShX|gE AlZMX|YE =X 7F =R S 22[5t0] FHE EHE. E Al HE
ot =&l Uzl T™AIZ]I 5l H&E Staining2 =5 =&lstdol HslEg ntatsh solde
Soll 2t =Ae| X|uk7t FT|et BYsS pHESIY D m|skX|Ee| A, adipocyte areas AHlthshod

- 322 % lipid profile &3

v S Al H2 ZF =& oMol TG level® ot EZl, EXEOAM F EAHE, TG, LDL-EalA
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ACCe| dsig EXeh. X|gitsto| moist= PPARa, ACOSF & AMEHMo| 2oist= =29l
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l]9_
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» CISE 7|k 13 Hig v|E F

- Ho|&XE EC502} relative potency @t
A2 LIEhZ| ?/3i G-Reb A 102 &
uM SEQ (Table 1V-7).

- O Al) sucrose : G-Reb A =
3 (32 uM), 5 (50mM) : 5 (54 uM),

mM) : 10 (107uM)<l.

2235101 A AHSHH sucrose 10 (100 mM)2t FASH &
100 mM/934.92 (G—-Reb A relative potency) = 107

k=3

=
o
e

10 (100 mM) : 0 (0 uM), 9 (90 mM) : 1 (11 uM), 7 (70 mM) :
3 (30 mM) : 7 (75 uM), 1 (10 mM) : 9 (96 uM), 0 (0
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Table IV-7. Relative potency of sweeteners to sucrose in affinity assay.

Relative potency! in affinity assay

Sweeteners EC50 i
relative to sucrose
Sucrose 26 mM 1.00
G-Reb A 27.81 uM 934.92
G-NHDC 8.255 uM 3,149.61
Aspartame 56.51 uM 460.10
Saccharin 171.6 uM 151.52
Acesulfame K 178.8 uM 145.41

"Relative potency = EC50 in affinity assay (sucrose)/EC50 in affinity assay (compound)

» AMRnZio|AM EZE= HfE H| S0l WE CSkEgX M #HE £EF
- Stevioside & NHDC Z#EO|A 2t bulk ZolE & Z=gto| ct

= Ct=g& &AM WSt d(w
v G-Reb A ¥ G-NHDC2} sucrose& 10:0,9:1,7 :3,5:5,3:7,1:9,0:1
i gt vl g2l E&E X2lZ2 H3ISsE calcium fluxoll 2 Ca?*-bound dye 340 nm JLF
7t & Ca*-unbound dye 380 nm It&EO| ZHAZE ML= L3 E =l

v G-Reb A7} ¥AM|StAH =tE£5H01 sucrose HiE H|E2| portion0l HI7MEEE ratio?t &
(Figure IV-45A).
v G-NHDCZ} €AMIstAl =t&35t0{ sucrose HiEF H|Z2| portion0| FI7I&+E ratio?t &
(Figure IV-45B).
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Figure IV-45. Addition of responses by bulk sweeteners mixing ratio.

A. Activity in fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using
sweet taste receptor subunits expressed cells upon G—Reb A and sucrose mixing ratio. B. Activity
in fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using sweet taste
receptor subunits expressed cells upon G-NHDC and sucrose mixing ratio. The normalized sensor
sensitivity was increased as the proportion of sucrose increased. G-NHDC, Glycosyl neohesperidin

dihydrochalcone.
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- Stevioside ¥ NHDC

v

G-Reb
5, 3:

7,119, 0:

FMOlA|2F Dol &
A % G-NHDC®} saccharin, aspartame, acesulfame K& 10 :

&EstE xgho| il

2o EStrEA o #H3 vl

0,9 :1,7:
1029 o2 digh dHlgel 2= MelZ2 H3Etst= calcium fluxdll w2

3, 5:
Ca?*

-bound dye 340 nm IE0| =7} 2 Ca-unbound dye 380 nm Ij&EHO| HAZ MILL= I
3E &olgh

G-Reb A7} LAMISHA 283101 saccharin Bi gt H[&2| portion0| E7tet+5 ratio7t St
(Figure IV-46A).

G-Reb AZF ZAMstAl ZzH&sto] G-NHDC g H|&2| portiono| B7tt+= ratio7t &7t
(Figure 1V-46B).

G-Reb A7I ZA|stH Z-Z3510{ aspartmae HiRt H| &2l portiono| F7I&+5F ratioZ7t &7t
(Figure 1V-46C).

G-Reb A7} ?AMISHH %t&35101 acesulfame K Hi 2 H|&2| portion0| &7tet+5 ratioZt &gt
(Figure 1V-46D).

nzo|E7te| 285 EZ7 Al, dig d|g0| FZItEHSF HSE ratiodl FEE2 F= HOIE=
saccharin (0.489 ratio), G-NHDC (0.284 ratio), aspartame (0.268 ratio), G-Reb A (0.226
ratio), acesulfame K (0.170 ratio) =¢
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Figure IV-46. Mixing ratio by combining two high—intensity sweeteners

A. Activity in fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using
sweet taste receptor subunits expressed cells upon G-Reb A and saccharin mixing ratio. B.
Activity in fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using
sweet taste receptor subunits expressed cells upon G-Reb A and G-NHDC mixing ratio. C.
Activity in fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using
sweet taste receptor subunits expressed cells upon G-Reb A and aspartame mixing ratio. D.
Activity in fluorescence ratio (ratio of the fluorescence at 340 nm and 380 nm) analysis using
sweet taste receptor subunits expressed cells upon G—Reb A and acesulfame K mixing ratio. The
normalized sensor sensitivity was increased as the proportion of various high—intensity sweeteners
increased. G-NHDC, Glycosyl neohesperidin dihydrochalcone.
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» AMupnzio|ad Z2E'EQ in vitro THEEEA M1 ks Z4n|EMolol AN EAN
- Sucrose 10 7Z|Z=gt oig] Aol =222  affinity assayZ2FE  AME relative
fluorescence unitgt2 Lh= ratio?t s EHEE g2 L= ratioE AEEAMES X 35t0] ZAlst &
o, AR 1=0.70162 Zet 2ke| AtmtatAE JIElE =eldl (Figure 1V-47).
1.15=
= ™ -
& 1.10-
< 1.05- .
L]
=]
z
@ 1,00 L
(1]
0.85 T T T T i
0.5 1.0 1.1 1.2 1.3 1.4

Figure
sensory qualities values.

Affinity assay {in vitro)

IV=47. Correlation analysis between relative fluorescence unit in affinity assay and their

Ratio of calculated G-Reb A + sucrose, G-Reb A + G-NHDC, G-Reb A + aspartame, G—-Reb A

+ acesulfame K to sucrose 10 by hum
showed positive correlation.

an sweet taste receptor and by human sensory evaluation

Log numbers of calculated relative potency of sucrose, saccharin, D-fructose, NHDC to sucrose

by human sweet taste receptor and mean MRS (molar relative sweetness) values showed positive

correlation. G-NHDC, Glycosyl neohesperidin dihydrochalcone.

QO in vivo ob/ob OIfARH 2 0[&35t stevioside?t NHDC E®o[x =&r=<| &H|ot, &t 2 &

3 Bd 3=

» Ao|YFE, AdAT F HE 5H

- Ao|MdF 2t AleMF S £XSto] H|WSH A3 RebA, NHDC, COMB ZE M FZolAM OB Ci
T2 HuE i Foo|st 2ot BESHK] 28 (Table 1V-8).

- Alo|MF S HIEHo=Z MESH Alo] 282 ZF, NHDC ¥ COMB MF FoAM Felxoz Zin
st ZA3E 2l

- M&E2 4%, NHDC, COMB &2 OB g0l Hlsl Relxdez Z4As5I¥ 10, RebA #2 st
= ZEMdEs B9 3. 55 AF ZiEe 2E %.*DIEELOHH OB o dHla Fol& HAE 2l

- FEREZ NHDC, COMB ZI&0lAl OB ol Hl|al Reldez Zash
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Table IV-8. Effects on food intake, water intake, and body weight in

ob/ob mice.

Ctrl OB RebA NHDC COMB

Final body weight (g) 24.41+0.22*°  38.39+0.52°  35.39+0.92°  34.37+1.23°  32.89+1.36°
Body weight gain (g) 3.55+0.22° 7.12+0.42°  4.96+0.60*  3.79+0.70* 2.83+1.03*
Food intake (g/day) 3.64+0.07 6.44+0.45% 5.80+0.20° 6.11+0.29% 6.34+0.22°

Water intake (ml/day) 6.29+0.65 23.3745.17° 17.79+1.58" 20+2.52° 20.29+1.65"
FER (%) 3.77+0.23% 4.55+0.29° 3.20+0.41% 2.34+0.48" 1.77+0.59°

All data were presented with mean

+ SEM and analyzed by one-way ANOVA with Tukey—test.

Each alphabet letter indicates significant difference each other (P < 0.05). Ctrl, normal mice
control; OB, ob/ob mice control; RebA, ob/ob mice with RebA supplement; NHDC, ob/ob mice
with NHDC supplement; COMB, ob/ob mice with a combination of RebA and NHDC supplement.
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o = o =<

7t elde  (Figure 1V-48).
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Figure IV-48. Effects on blood glucose levels and OGTT in ob/ob mice.

A. OGTT was measured for every
calculated. All data were presented
Tukey—test.

normal mice control; OB, ob/ob mice control;

Each alphabet letter indicates significant difference each other (P < 0.05).

30 minutes for 2 hours. B. OGTT area under curve was
+ SEM and analyzed by one-way ANOVA with
Ctrl,
RebA, ob/ob mice with RebA supplementation;

with mean

NHDC, ob/ob mice with NHDC supplementation; COMB, ob/ob mice with a combination of RebA

and NHDC supplementation.

» X=X 2A EF U tissue histopathology 2H&

- m|5kx|gt =& gl AMEAX| g x=Xo| 2|7} COMB MF[ZolM OB ctrl th=& ] feldoz Zt
L3 ss BEE b =29 R Lastes ZEME golsiont RelMde2 EEEX LUS
(Table 1V-9).

- RebA 2! NHDC MF ol M= OB ctrl == Cid| 2t =& 2 It a6t dE8MHE Hel E5
RebAe| A AZEX|E =& 277} Ro|Moz LA/ S.
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Table IV-9. Effects on tissue weight in ob/ob mice.

Ctrl OB RebA NHDC COMB

Subcutaneous

. . 0.14+0.022 2.11+0.12° 1.62+0.12°¢  1.58+0.16" 1.43+0.14¢
adipose tissues (g)

Perirenal

. . 0.04+0.01° 1.1940.09° 0.83+0.06°  0.89+0.12>  0.75+0.05¢
adipose tissues (g)

Liver tissues (g) 0.77+0.028  2.63+0.13°  2.46+0.16°  2.11+0.22°  2.09+0.19°

All data were presented with mean = SEM and analyzed by one-way ANOVA with Tukey—test.
Each alphabet letter indicates significant difference each other (P < 0.05). Ctrl, normal mice
control; OB, ob/ob mice control; RebA, ob/ob mice with RebA supplementation; NHDC, ob/ob
mice with NHDC supplementation; COMB, ob/ob mice with a combination of RebA and NHDC
supplementation.

- HStx|gt o ZF =A o] H&E taining 2MANE E3| tissue histopathologyS ZH&tsH. I 51X gt
o}, RebA, NHDC, COMB Z& MF oM X[k 377} OB
=22 &g (Figure 1V-49).

Z=2 9| adipocyte areas

= Z4
| =
ctrl ch=7 Oijd| felxez ZAF

Ctrl OB RebA

NHDC COoMB

adipocyte area (um')

Figure IV- 49. Effects on adipocyte area of subcutaneous adipose tissues.

A. Subcutaneous adipose tissues of (a) Ctrl, (b) OB, (c) RebA, (d) NHDC and (e) COMB were
assessed by H&E staining. B. Adipocyte area of subcutaneous adipose tissues was calculated. All
data were presented with mean £ SEM and analyzed by one—-way ANOVA with Tukey—test. Each
alphabet letter indicates significant difference each other (P < 0.05). Ctrl, normal mice control;
OB, ob/ob mice control; RebA, ob/ob mice with RebA supplementation; NHDC, ob/ob mice with
NHDC supplementation; COMB, ob/ob mice with a combination of RebA and NHDC
supplementation.
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-t =FoMs X|ghg 37] Y $IF 24520y, hepatic TG ™S Sl slE %
MF oM Reldoz UAMSS &olsh oHH, RebA & NHDC MF 2 UAsSE dede L}
EtH AKX FolMo| E&E5X|= %S (Figure 1V-50).

Figure IV=50. Effects on hepatic triglyceride in liver tissues.

A. Liver tissues of (a) Ctrl, (b) OB, (c) RebA, (d) NHDC and (e) COMB were assessed by H&E
staining. B. Hepatic triglyceride was measured. All data were presented with mean £ SEM and
analyzed by one—way ANOVA with Tukey—test. Each alphabet letter indicates significant difference
each other (P < 0.05). Ctrl, normal mice control; OB, ob/ob mice control; RebA, ob/ob mice
with RebA supplementation; NHDC, ob/ob mice with NHDC supplementation; COMB, ob/ob mice
with a combination of RebA and NHDC supplementation.

= S2Z 9 |ipid profile &3
- €&l =Xt Total cholesterol, LDL-cholesterol, Triglyceride2l 2<% Zt 4% Z2E0| OB =
o "] ZASeE dekg LIERi 20, HDL-cholesterol® Z7t5te A& LiEtloL 2 =&

o =
HAZ RoldE EEEX< &S (Table 1V-10).

gt leptin %= OB == CfH| COMB dF oM Fo(Moz2 LSS oHEe
- 2t 7l X[EQl GPT2} GOTolA OB llH.’F_—_rL iyl COMB dF oM FolXMel Xto|E LIEH.
RebA dF 2 Zt X oM d&dE2 EX20, NHDC &2 GOTOHAM Folds =g,
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Table IV-10. Effects on lipid profiles and cytokines in ob/ob mice.

Cirl OB RebA NHDC COMB
GPT 46.78+4.11°  92.7045.60°  82.2042.28"  77.00+6.06"  71.67+4.67°
GOT 96.23+15.44°  260.6+14.89° 216.61+7.25° 211.16+7.14° 201.50+8.49

TOtal(r%g%fteml 109.78+4.60°  212.6+12.07° 209.61+10.22° 201.21+13.41° 189.57+13.86°

LDL-cholesterol (mg/dl)  26.13+3.31*  107.66+12.56"  97.90+8.15" 89.42+11.04° 80.65+8.39°
HDL-cholesterol (mg/dl)  66.92+2.60% 84.33+2.46% 91.28+2.80° 89.74+5.65° 90.34+8.31°
Triglyceride (mg/dl) 83.63+1.30° 103.16+4.41° 102.15+ 2.83"  92.62+3.66°>  92.88+3.94%

Letptin (mg/dl) 0.56£0.11% 1.06+0.60% 0.68+0.11% 0.33+0.13° 0.03+0.05°

All data were presented with mean = SEM and analyzed by one-way ANOVA with Tukey—test.
Each alphabet letter indicates significant difference each other (P < 0.05). GPT, glutamic
oxaloacetic transaminase; GOT, glutamic pyruvic transaminase; Cirl, normal mice control; OB,
ob/ob mice control; RebA, ob/ob mice with RebA supplementation; NHDC, ob/ob mice with

NHDC supplementation; COMB, ob/ob mice with a combination of RebA and NHDC
supplementation.
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Figure IV=51. Effects on lipogenesis in liver tissues.

Expression of mRNA was assessed for FAS, ACC, aP2 and PPARy. All data were presented with
mean * SEM and analyzed by one-way ANOVA with Tukey—test. Each alphabet letter indicates
significant difference each other (P < 0.05). FAS, fatty acid synthase; ACC, acetyl-CoA
carboxylase; aP2, adipocyte fatty acid binding protein 2; PPARYy; peroxisome proliferator—activated
receptor; Ctrl, normal mice control; OB, ob/ob mice control; RebA, ob/ob mice with RebA
supplementation; NHDC, ob/ob mice with NHDC supplementation; COMB, ob/ob mice with a
combination of RebA and NHDC supplementation .

- RebA, NHDC, COMB &= ZFollM OB == tHH| beta—oxidation Ot 2l PPARa2| £+si0|
Solet2 #eolgh £3 COMB MF oM wel&el wsl Xto|E E el (Figure 1V-52).
- RebA, NHDC, COMB M#|&# ZFolM ACO &ei2 OB =+ CHH| X}O|7} LIEI}X|] &5,

chl o [y MO COME
1.5
s 3 ==Ct
E ah = I A & a OB
o ah T
col an R, WHDC comp E_ E ; - NHDC
v & 5 =acoMs
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£ s =
3 =
GAPDH :E_'i
PPARG ACO

Figure IV=52. Effects on B—oxidation in liver tissues.

Expression of mRNA was assessed for PPARa and ACO. All data were presented with mean =+
SEM and analyzed by one-way ANOVA with Tukey—test. Each alphabet letter indicates significant
difference each other (P < 0.05). PPARa, peroxisome proliferator-activated receptor; ACO,
acyl-CoA oxidase; Ctrl, normal mice control; OB, ob/ob mice control; RebA, ob/ob mice with
RebA supplementation; NHDC, ob/ob mice with NHDC supplementation; COMB, ob/ob mice with
a combination of RebA and NHDC supplementation.
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Figure IV-53. Effects on hepatic inflammation in liver tissues.

Expression of mRBNA was assessed for mcpl and IL1B. All data were presented with mean =+
SEM and analyzed by one-way ANOVA with Turkey test. Each alphabet letter indicates significant
difference each other (P < 0.05). mcpl1, Monocyte chemoattracted protein—1; IL1B, Interleukin 1
Beta; Ctrl, normal mice control; OB, ob/ob mice control; RebA, ob/ob mice with RebA
supplementation; NHDC, ob/ob mice with NHDC supplementation; COMB, ob/ob mice with a
combination of RebA and NHDC supplementation.

» ZF =FoMe B Al 7| A
- OB tf=zoll H|5l RebA, NHDC, COMB 4% ZollAl G6pase &edo| Uasts HES LIEtWSS
golst B E MFFoM FelMdEs =E&ESHIK= 28 (Figure 1V-54).
3-
B == Ctri
5 OB
€. BN RebA
ctil on feha WHDC  CoMB &E = NHOC
e O i i @
s & 4 = COMB
g
7]
GAPDH x
0

Figure V- 54. Effects on gluconeogenesis in liver tissues.

Expression of mMRNA was assessed for G6Pase. All data were presented with mean = SEM and
analyzed by one—way ANOVA with Turkey test. Each alphabet letter indicates significant difference
each other (P < 0.05). G6Pase, Glucose—6—phosphatase; Ctrl, normal mice control; OB, ob/ob
mice control; RebA, ob/ob mice with RebA supplementation; NHDC, ob/ob mice with NHDC
supplementation; COMB, ob/ob mice with a combination of RebA and NHDC supplementation.

* ob/ob OFRAOAM AMAZo|axf E§HE0| tHEo|ME Z&of o|x= & Y

- OB =0l H|a| NHDC M#F oM Firmicutes.g_Faecalibaculum?b wRelHoz ZtA ,
Bacteroidota.g_Parabateroides %  Firmicutes.g_Blautia= M2 JIlst HAez  ZHEE
(Figure 1V-55).

- COMB %2 Z=ol= OB th=Zoll H|all Firmicutes.g_Faecalibaculum, Deferribaterota.g M

B
ucispiriflum?t sel™M oz kst Frmicutes.g_Blautia, Bacteroidota.g_Parabacteroides= T2
Moz ZIlst Aoz =olE.
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Figure IV-55. Relative abundance of gut microbiome.

Each alphabet letter indicates significant difference each other (P < 0.05). Ctrl, normal mice
control; OB, ob/ob mice control; RebA, ob/ob mice with RebA supplementation; NHDC, ob/ob
mice with NHDC supplementation; COMB, ob/ob mice with a combination of RebA and NHDC
supplementation.

- oE2d T2 (PISCUSt2)E2 Saf 2§ 7t 0|ME 7|5 HatE ol 58 (Figure IV-56).
- OB of=Z2 NHDC M= AlololM = lipoic acid metabolism, COMB 4= AfolofAME
pyruvate metabolism O F2|0|5tA| Xfo|Lt= WAz EAME.

¢ Predicted functional difference

PICRUSt2 results (OB vs. RebA; LEfSe > 2.0)

o v G —— |
No significant ditference
PICRUSt2 results (OB vs. NHDC; LEfSe > 2.0)

G v G — e |
Metabolism Metabolism of cofactors and vitamins Lipoic acid metabalism 0.0ar 1.052
PICRUSt2 results (OB vs. COMB; LEfSe > 2.0)

a 2 B PRI cowia |

Metabolism Carbohydrate metabolizm Pyruvate metabolm 0.037 2.554

Figure IV-56. PICRUSt-based metabolic difference analyses.

Each alphabet letter indicates significant difference each other (P < 0.05). Ctrl, normal mice
control; OB, ob/ob mice control; RebA, ob/ob mice with RebA supplementation; NHDC, ob/ob
mice with NHDC supplementation; COMB, ob/ob mice with a combination of RebA and NHDC
supplementation.
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