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suggestions for globalization
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SUMMARY

® Main results obtained from this study are as follows:

e [n viftro antioxidant properties of Sujeonggwa were determined through DPPH, ABTS,
FRAP, TPC, and TFC assays and its antioxidant activity were confirmed.

e Non-volatile phenolics including 6-gingerol from ginger and cinnamic acid,
cinnamaldehyde from cinnamon were analyzed from Sujeonggwa.

e The greatest amount of phytochemical present in Sujeonggwa was cinnamaldehyde.

e Volatile compounds including cinnamaldehyde, cinnamene, cinnamic  alcohol,
benzenaldehyde, and cinnamic acid were determined in Sujeonggwa.

e Among volatile compounds, cinnamaldehyde was found to be the most important
compound to determine the flavor of Sujeonggwa.

e Plasma TG, TC, and LDL-C concentrations of S-stevia group were the lowest among all
groups tested in this study. In particular, plasma TC, LDL-C concentrations of S-stevia
decreased significantly by 20.8% and 22.3%, respectively, than those of the experimental
control.

e Plasma TBARS concentrations of S-sugar, S-stevia, and S5-scFOS groups were lowered
by 27%, 35.7%, and 34.1%, respectively, than those of the experimental control. Plasma
TBARS concentrations of S-stevia and S-scFOS groups were comparavely similar to that
of the normal control.

e Hepatic TG, TC concentrations of S-sugar group were reduced by 17.9% and 12.6%,
respectively, compared with those of the experimental control. Inhibitory effects of
hepatic lipid accumulation might be increased by replacing sugar with functional sugar,
such as stevia or scFOS.

e In accordance with plasma and hepatic TG concentrations, cerebral TG concentrations
of S-stevia and S5-scFOS groups were significantly decreased by 18.4%, 30.3% than
those of the experimental control.

e Hepatic ROS concentrations of Sujeonggwa fed groups (S-sugar, S-stevia, and S-scFOS
group) were significantly lowered by 17.9%, 33.8%, and 24.9%, respectively. Hepatic ROS
concentration of S-stevia was significantly decreased by 19.4%, compared with that of
S-sugar group.

_‘|2_



In accordance with hepatic ROS level, hepatic TBARS concentrations of S-sugar,
S-stevia, and S5-scFOS groups were significantly decreased by 28.4%, 33.9%, and 31.7%,
respectively, compared with those of the experimental control group.

Compared with the experimental control, protein expression of FAS and its transcription
factor, SREBP-1 responsible for TG synthesis decreased significantly in all Sujeonggwa
fed groups.

Compared with the experimental control, protein expression of HMGCR, responsible for
TC synthesis was significantly lowered by 17.9%, 33.8%, and 24.9% in S-sugar, S-stevia,
and S-scFOS group, respectively. Protein expression of SREBP-2 was significantly
decreased by 21.5%, 30.5%, and 24.3% in &S-sugar, S-stevia, and S-scFOS group,
respectively.

Plasma IL-6 and TNF-« concentrations of the experimental control were the highest
among groups. Plasma IL-6 and TNF-« concentrations of the mice fed S-sugar which
contains the same amount of sugar with sugar solution were decreased by 16%, 13.9%
than those of the experimental control group. Compared with the experimental control,
pro-inflammatory cytokines concentrations of S-stevia and S-scFOS were significantly
decreased.

COX-2, INOS, and NF- x B expressions at aorta of the experimental control group were
the greatest among animal groups. COX-2 expressions of S-sugar, S-stevia, and
5-scFOS were significantly reduced by 19.7%, 31.8%, and 27% than those of the
experimental control, respectively.

Compared with the experimental control group, INOS expressions in the aorta were
significantly decreased in all Sujeonggwa fed groups.

Compared with the experimental control group, protein expression of NF-xB in the
aorta of S-stevia and S-scFOS groups were significantly decreased by 14% and 10.7%,
respectivley. The protein expression of these samples were similar to that of the
normal group.

The lesion size of fatty streak in the aortic sinus of the experimental control was
highest among animal groups. And the fatty streak lesion size observed from all groups
fed Sujeonggwa were significantly lowered compared to the experimental control
demonstrating that Sujeongowa has anti-atherogenic effects.

DNA damages of hepatocytes of the experimental control was significantly elevated
compared with that of S-stevia and positive control groups. Under the condition of
oxidative stress induced by HyO,, DNA damage in S-stevia significantly decreased when
it is compared with the experimental control.

_13_



Consumption of S-stevia seems to have protective effect on splenocyte in terms of
DNA damage compared with sugar solution.

Sujeonggwa recipes were re-created based on traditional recipes. Ingredients may
include cinnamon, ginger, dried persimmon, honey, sugar, black pepper, etc.

S5-PH, S-sugar, S5-scFOS, S-stevia, and S-cbn were developed in this study using various
sweeteners. Traditional recipe (S-PH) was sweetened with dried persimmon and 300 g of
honey to 3.2 L of cinnamon and ginger water extract and it was 15.5 brix. S-sugar was
sweetened with sugar to be 11 brix, S-scFOS was made by substituting 19% of sugar
with stevia (2.7 g and short-chain fructooligosaccharide (45.07 g). S-stevia was made
by substituting 31.8% sugar with 10.8 g of a natural intensive sweetener, stevia. S-cbn
was made by injecting carbonation to S-sugar.

Sujeongewa teas were developed and formula included cinnamon powder (0.5 g) and
freeze-dried ginger (0.75 g) and was sweetened with various sweeteners. ST_Sugar_H
had 12g of sugar (white sugar:brown sugar = 1:2); ST Sugar_L had 8 g of sugar (white
sugar:brown sugar = 1:2), ST_Stevia had 4 g of sugar (white sugar:brown sugar = 1:2)
and 0.16 g of stevia; and ST_scFOS was sweetened with 6 g of sugar (white
sugar:brown sugar = 1:2) and 8 g of scFOS. Ratio of these ingredients were to be
brewed in 120 mL of boiling water.

Descriptive panel was trained and they developed Sujeonggwa lexicon. It included 10
flavor terms (sweet, sour, bitter, salty, artificial sweetener, ginger aromatics, cinnamon
aromatics, spicy (coming from cinnamon and ginger), dried persimmon aromatics, dried
jujube aromatics), trigeminal terms (astringency and carbonation), concentration, and 2
appearance terms (color and turbidity). Attributes were defined and referenced to help
understand characteristics. The lexicon was used to evaluate characteristics of
Sujeonggwa samples.

In evaluating characteristics of Sujeonggwa Tea, 12 terms were used from Sujeonggwa
lexicon. It included 9 flavor terms (sweet, sour, bitter, salty, artificial sweetener, ginger
aromatics, cinnamon aromatics, spicy (coming from cinnamon and ginger), dried jujube
aromatics), a trigeminal term (astringency), and 2 appearance terms (color and
turbidity). However, when evaluating 2 commercial samples (Cinnamon Tea and Ginger
Tea) and 4 Sujeonggwa tea samples, salty and dried jujube were not detected.

A total of 93 US consumers from Philadelphia, the United States, 100 Korean consumers
from Busan, Korea, and 51 Asian consumers reside in Busan, Korea participated in the
cross—culture consumers’ acceptability evaluation of 6 Sujeonggwa samples. In general,
acceptability for S-scFOS and S-sugar were higher than other samples evaluated. There
were differences in acceptability of samples and its sweetness. Korean consumers liked
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S-scFOS (6.4) and S-sugar (6.4). Contrarily, US consumers liked Positive control (6.3),
S-scFOS (6.1) and S-sugar (6). Similarly to US consumers, Asian consumers liked Positive
control (5.7) and S-sugar (5.5 but their overall liking score tended to be lower
(4.18-5.68).

Top three samples liked by consumers varied cross-culturally. Korean consumers liked
S5-scFOS, S-sugar > S-stevia; US consumers liked Positive Control, $-scFOS, S-sugar; and
Asian consumers liked Positive control, S-sugar > S-scFOS.

The least liked sample also differed cross-culturally. Korean consumers disliked Positive
control the most, Both US and Asian consumers disliked S-PH the most because of
dried persimmon aromatics.

S5-cbn received about 5 in overall liking evaluation, which corresponds to neither like
nor dislike. However, about 42% of Korean consumers, 67% US consumers, and 64%
Asian consumers indicated that they might purchase carbonated Sujeonggwa, if
available. This indicates that there is a small group of consumers who liked carbonated
Sujeonggwa sample. Some consumers indicated that it was hard to accept 'functional
beverage’ being carbonated. This might be explain why S-cbn received lower liking
score.

Sujeonggwa tea samples were developed and compared against similar commercial
products available in Korea (Ginger Tea) and the United States (Cinnamon Tea). All four
samples developed in this study (ST-Sugar-H, ST-scFOS, ST-stevia, and ST-Sugar-L)
were liked more than the commercial products by Korean consumers.

Correlation analysis was conducted among volatile compounds, antioxidant capacities, and
flavor characteristics and cinnamene was positively correlated with sweetness (7=0.70)
and 2-cinnamic acid was correlated with dried persimmon (7=0.90). Ginger aromatics,
cinnamon aromatics, spicy, dried persimmon, and turbidity were positively correlated
with DPPH radical scavenging activity(%).

External preference mapping was conducted to determine how flavor characteristics
influence consumers’  acceptability. Korean consumers generally liked cinnamon
aromatics, ginger aromatics, spicy, and sweet characteristics of Sujeonggwa. A group of
US consumers generally disliked dried persimmon characteristic of S-PH but accepted
the rest of Sujeonggwa samples and others were influenced color and preferred Positive
control.

Modification of Sujeonggwa recipe is unnecessary for Korean consumers because they
liked characteristics of Sujeonggwa which are cinnamon aroma, ginger aroma, spicy, and
sweetness. A small group of US consumers were influenced by color of Sujeonggwa, so
it might be beneficial to match color of Positive control by adjusting brown sugar
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content. Changing recipe to have less cinnamon and ginger aroma might increase liking
of Sujeonggwa for Chinese consumers because they disliked that characteristics.
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Mo =<1 0.ImM DPPH 0.75 mLel Hristel  <AoA 3083 AHX AR
UV/Vis-spectrophotometer (model UV-1240 CE, Shimadzu, Kyoto, Japan)Z 517 nmellA 3%
£ AU A= A &A% (WoE YER A

(th ABTS @tz &7%
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mM TPTZS =<1 &H& 10:1:1v/v/v) HIE&EE2 T F 37C F=xo 158 ¢ FIAHC
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(" % see

% H =32 Folin-Denis” ®Hol et SAsIATH Al 0.25 mLoll S/ 4 mLet S/
9} Folin- Denis” reagentg L:1(v/V)ZE A3 &4 0.25 mLE 7t 303t i% 3 5
b AX ATk 9 89 E3H sodium carbonate 0.5 mLE FH7lste] 3087 AHAF H,
UV/Vis spectrophotometerZ o]&3ta] 725 nmollA §FF =2 =AHsAT. = %EMIE dFe

tannic acid equivalent (xM)Z JYeERA AT

() & Fepuiols e
=< ZEgH Lol 2o A5 (05 mLol ethanol 1.5 mL, 10% aluminum chloride 0.1 mL, 1M
potassmm acetate 0.1 mL %2 ZF+ 28 mLE TS H 3083 AHXs UV/Vis

spectrophotometerE o] &3l 415 nmollA FFE=E ZSAHsIY. F IRz FdFe
quercetin equivalent (xM)Z ERHSITh

(Ap EAIAE
249 AREs HAFEFFUXE FASHR L SPSS program (SPSS Inc., Chicago, IL, USA)
| AE A-olE tErI ¥y Duncan’ s multiple range test

) 33 F43 &4
(b DPPH &tz 475 &4

DPPH &dZ &A%(%) & SPH > SscFOS = Shan > Sslow > S-stevia > S-sugar >
positive control > S-cbn > S-organic = S-sarang > S-cheong > S-masil =% 2 YE}%th SPH
ANB7F 8258%= 714 =¢kom, Smasil AlE7F 23.14%E 7}& @& DPPH @tz A2AS &
A& BT

(‘b ABTS &tz &2A%5 &4

ABTS &tz &2A%(%) & S-organic > S-cheong > Smasil > Ssarang > SPH > SscFOS >
S-stevia > S-han = S-sugar > S-slow > S-cbn > positive control =22 YERSTE S-organic
N 27} 38.76 %= 7FE =kom, positive control Al &7F 9.58 %= 7FE we ABTS oz &
s E8E BT

(th FRAP #Ho]& A

FRAP ZHo]e3¢ Ascorbic acid equivalent (mM)Z YEFE-S W, SPH > SscFOS >
S-han > S-stevia = S-masil = S-cheong > S-organic > S-slow > S-sarang > S-sugar > S-cbn >
positive control <=°2 YElwttt 1 F SPH Al&7F 0.89 mMZ 7} E9oW, positive
controlo] 0.25 mMZ 7} @& Hole U8 S HYt)

i

gH
2
T

=]
=

R
=

O
3
Rie
=]
=
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(F/P) ¥ =3

% F=3HFS tannic acid equivalent (um) 2 YERHS o], SPH > SscFOS > S-cheong >
S—masﬂ > S-organic > S-stevia > S-sarang > S-han > S-slow = S-sugar > S-cbn = positive
control =22 YeEGT. 1 F SPH AE7F 9047 ¢ M=Z 74 &3k©2™, positive control Al &
7} 855 yME 713 @2 s FFS BT

(") & SR xolt FFEFRA
% EgHxol= S quercetin equivalent (um) 2 YERIS W], Shan > Scheong =
SPH > S-sarang = Smasil = S-cbn > Ssugar = 5-scFOS = S-slow = S-organic = positive

control = S-stevia o2 Yelyt. 1 F Shan A7} 385.24 M=z 7b" =9kon,
S-stevia A|E7}F 85.71 4y ME 71 Fe ZglHwole &S WYt

diHow % wEy BY R Fuwol= FYo| we AU AUHoz we Oz
27 B Holg ddes EFsta AUT dE = TPC, TFC"SL‘_* | & SPH& DPPH
P2 27% 9 ol BUFl Btk AAW ABTS 275 JUHoR v AL B

ATt
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Table 1-1-1. Antioxidant capacities of Sujeonggwa using DPPH, ABTS, FRAP, total phenolic
and total flavonoid content.

FRAP TPC TFC
DPPH(%) ABTS(%) Ascorbic  Tannic acid  Quercetin
acid (mM) (uM) (™)
SPH 82.58 34.23 0.89 90.47 262.97
+0.19a +1.60c +0.04a +4.17a +11.00b
44.07 16.87 0.39 26.39 124.03
Ssugar +028e  +019g +0.01f +1.44g +2.32d
68.03 29.69 0.74 77.08 116.66
5°5CFOS +0.57b +1.16d +0.03b +3.12b +13.77de
. 60.18 26.77 0.65 63.31 85.71
Sstevia +0.24d +0.70e +0.02¢ +0.98d +15.45¢
S cbn 34.89 12.24 0.23 7.68 187.13
+0.14g +0.75h +0.02g +0.57h +3.21c
Positive 36.32 9.58 0.25 8.55 88.93
control +0.57f +0.41i +0.02g +0.59h +2.12g
S slow 63.12 15.53 0.50 23.96 108.05
+0.37c +1.05g +0.02e +0.86g +1.39ef
25.00 36.38 0.53 53.80 181.42
S-sarang +0.41h +0.41b +0.00e +1.48¢ +6.54c
. 23.14 37.34 0.65 69.65 181.90
S-masil +108f  +13lab  +00lc +1.28¢ +4.12¢
24.05 37.98 0.64 75.77 268.09
5-cheong +0.750 +0.158a +0.00c +1.55b +5.77b
Shan 67.45 22.97 0.74 41.27 385.24
+0.07b +0.27f +0.04b +2.05f +7.00a
. 25.33 38.76 0.59 60.63 96.66
&-organic +0.73h +0.892 +0.01d +1.02d +5.40fg

* Different letters are significantly different at 0.05 among the same volatile.
* Data are Mean=+SD.

U A7 AR FF 84 =
1) 2

&AL paper diskHS ol-&sted FAHSAY. +F AF L #FEE AT WA E A
et petri-disholl BF3le] 23 08 2 58 FF5FF 1019 552 343 5, &
AE 2 FFE TR £9S 100 LA wjA fo =Sttty #E = vjA sl E
¥ paper disk (A& 8 mm, Advantec, Japan)E & T3 FAHI ARE 40 LA HZH3Y
o 7 dHEE A HF 2ZolA oF 24A3F BF miYeidth AEY FHEAHdE FFo A

AbEEOIX 759 F/H+ Table

& A3 & A7 vadond st B A
1-1-2¢} 2t}



Table 1-1-2. Microorganisms for antimicrobial activity and their growth condition.

Bacteria Strain number Temp. Media
Escherichia coli KCCM 11234 37C TSAY
Staphylococcus aureus KCCM 11335 37C TSAY
Staphylococcus epidermidis KACC 13234 37C TSAY
Streptococcus mutans KCTC 3065 37C BHIA?
Streptococcus pyogenes KACC 11858 37C BHIA?
Candiga albicans KACC 30004 28T YMA?
Bacillus cereus KACC 10097 28 NAY

UTSA : Tryptic Soy Agar (Difco. co., USA),

YBHIA : Brain Heart Infusion Agar (Difco. co., USA)
YYMA : Yeast Malt extract Agar (Difco. co., USA)
“NA : Nutrient Aagar (Difco. co., USA)

@ 33 & £33 Az Fo B4

b 43 A5 I ZA

TR Az A AHEEHE AR Adet A 3 24E T THAY FFE o] &3
S5t At A= S pygenes, C. albicans, B cereuse] 54 500 2 1,000 mg/mL &%=l
AAst= a37F AR o E coli, S aureus, S. epidermidis, S. mutansd-oll A= A=
7+ &37} A K Table 1-1-3, Figure 1-1-1).

£

> o

ot

W

Table 1-1-3. Anti-microbial activity of cinnamon and ginger.

(Diameter of clear zone, mm)

Cinnamon Ginger

1,000 500 250 100 1,000 500 250 100

mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL
E. coli - - - - - - - -
S. aureus - - - - - - - -
S. epidermidis - - - - - - - -
S. mutans - - - - - - - -
S. pyogenes 16 14 11 - 14 - - -
C. albicans 14 13 - - - - - -
B. cereus 18 17 12 - 12 11 - -
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Cinnamon

S. pyogenes

C. albicans

B cereus

Figurel-1-1. Anti-microbial activity of cinnamon and ginger.
A: 1,000 mg/mL, B: 500 mg/mL, C: 250 mg/mL, D: 100 mg/mL

b FAe) GF B
+47e 54 4242 ¥ @

o] FEA galh olE 5

E80] +Y7e] FFBHL

FJU

g4& glstd ot 1,000 mg/mLe] =& FZoAE &+
G Az A AET Aol FEE AR wof T Aol
#e1517]7] of el itk

0 o

o 237 249 ol EA IR HFEA
D) A3 249 sho| BN YA

A 7rel 6-gingerol®} A3 ¢ cinnamic acid, cinnamaldehyde A&-& 7—}7—}94 xFEH S 7E
°g HPLC #4zde &3t & FAsAo. &47171= HPLC-UV H=71(Model 1430,
Hitachi, Tokyo, Japan)¢} 5 um Waters Symmetry C18 HPLC column (150 x 3.9 mm)& A&3}
Fom, 7 xFEZL methanolol] o & &3 & 045 um syringe filteroll A 12k o 73k
3 vialetell FY3Hth olZHe® ALmlE ammonium acetate (3xF Z=F o] 0.98 g9
ammonium acetate® =< % acetic acidE AFg3ste] pH 502 Z43), BEuwl= 100%
acetonitrile S AF&3IATH Agml= 0-18 52 80%, 1-88 &9+ 40%=2 THAAZ % 8-14% &
oF F-A|5laL 14-208 B9t 80%=E FV7FAFTE HIIE BEul= 0-18 &2 20%, 1-8& &<t
60%= S7HAIZ]l 3 8-14% B FASIL 14-208 & 20%=2 ZFAAZT BEr= 0-5% &
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oF 15%, 5-20% &< 20%= F7MAFH I A= 0-58 &9F 85%, 5-208 B¢F 80%=E FAA
At AE I3AHEA= 220-400 nmolRa, HA AE AL 250 nmeloer, FF2 0.35
mL/min, E£4AI7FL 20&0|Uh A5 FHolEAN D FF 2+ TFEH ] equivalent (mM)

2 Yehigith

@ A3 L FAHIG A5 go|EANZ FF 4

TAIe Fo3 HolEANZEA FAARY Fo AR A¥EHEH FHEH= cinnamic
acide} cinnamaldehydeS X A3 om, Ao 2RE F == 6-gingerolS AAsle] o] = A
& 2439t} Cinnamic acid, cinnamaldehyde<} 6-gingerole] HEAIZFe 247 38, 108, 11
O & UERT

S-PHe HPLC Z=EvtEIHS] A¥s o33 ZoKFigure 1-1-2). EE A A EA
cinnamaldehydeQ] o] 7t A ZFHYUT. A E FdAE Sorganicol A 4.54 mME 7}

=9k, S-hanellA 0.72 mM=Z 7H vkt S-scFOS, S-sarang, S-masil, S-organicol A=

cinnamic acid®.t} 6-gingerol®] o] T Fof o AMERT ARG FgFo] s & F A
o} 9o 47HA] AE T Smasil® 6-gingerol T =7} 0.314 mMZ 7} Bo] sHREo ARL
o, Sslow AZE 0.07 mMZ 7H4 AA 53k Atk Positive controlQ! Hlg: 20 =7 3}
A= 6-gingerole] HAEF A %yt UM A A3 A B+ 6-gingerol Rt} cinnamic acide] 3
Fol © =shEdl SPHAlA 0529 mME 718 ©o] =] Ao, Ssarangoll A 0.062
mMZ 7} AA =] At Positive control?l Hlgk 0 A 3ol A9, cinnamic acid
0.083 mM3} cinnamaldehyde 0.860 mMo] g% o A%l 0w 6-gingerol& AEH A %t

&— cinnamaldehvde

(AU)

cinnamic acid

Absorbance

G-gingerol

0 2 4 6 8 10 12 14 16 18 20

Retention Time (min)

Figure 1-1-2. HPLC chromatogram of S-PH
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6.0
cinnamic acid @ cinnamaldehyde ® 6-gingerol

a

Concentration of each compound (mM)

S-PH S-sugar S-scFOS  S-stevia  S-cbn Positive  S-slow  S-sarang  S-masil S-cheong S-han  S-organic
control

Figure 1-1-3. Profiles of selected major non-volatiles in Sujeonggwa

* Different letters are significantly different at 0.05 among the same volatile.

* Different letters are significantly different at 0.05 among the same volatile.

g AEe AT S5 AF ES Y% 23 AFo A I AE FU)

O A8
Aol Ut EAL [ee l:—(2010) o] =AE o] &3l SPME (Solid Phase Micro Extraction)
Mog F=314ch UEH A8 WS Autosampler (MPS-2, GERSTEL GmbH & Co.KG)E o] &

3ta] 30C oA 0541 B9k WA /\]?4 headspacel] 34 =29 HFES F=¢ 3, 50/30 um
DVB/CarboxenTM/PDMS Stable FlexTM SPME fiberE 208 ¢t ==AA A RS Y
=2

50/30 um DVB/CarboxenTM /PDMS Stable FlexTMel] &=d" 34 E2& GC (Agilent 6890,
Agilent Technology, Palo alto, CA, USA)-MS (Agilent 5973, Agilent technology)oll <& &2 %
FAHUY. 2G40 ZE= DB-5 ms (30 m X 0.25 mm ID, 0.25 xm film) Z2HE, o544 &
FE AHESE o, #42 0.6 mL/EoIATh GC LEL2 094 05874 40C=E FAAZ &
6C/E2 52 150C7HA] F7HA 712l 150C ol 4] 250C 74A] 8C /&S] =2 F7HAFHT MS
BA 27428 70 eVel 150C quadrupole, 230°C ion source &=Z AR89, 3 T-(injector)
25+ 250C 1t} SPME fibere FYUTANA 28T =E3A AT 472 3T B4 T
cinnamaldehyde, cinnamene, cinnamic alcohol, benzenaldehyde, cinnamic acidE NIST Mass
spectra library& Bl ste] 54 stA .

32
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@ A7 8 £437 Aze] HBIE B}

¥ ZiFigure 1-1-4). F+2 3444 &S cinnamaldehyde,

o
=]

S-PHe] GC-MS AEvrtEIH S T

cinnamene, cinnamic alcohol, benzenaldehyde, cinnamic acid s °]3.2.™

7F 74 w@ol AEH A

3] cinnamaldehyde

E
=

= 5-scFOS =

S-stevia

>

Positive control

>

&

D

S-PH
gy

IBAAE +A4 A3, S-organic

S-sarang = S-han = S-sugar =o.2 E}

>

= S-cheong = S5-cbn

Smasil = S-slow

<— cinnamaldehyde

coumarin
cinnamic acid

|

g S-han  S-organic

S-sarang S-masil S-cheon

(

Figure 1-1-4. GC-MS chromatogram of S-PH

benzaldehyde

i }MM

u

cifmamet

S-cbn  Positive

S-PH S-sugar S-scFOS  S-stevia

10

(vd 01 ¥ [) eae yead sjnejoa [2)0],

slow

S-

trol

* Different letters are significantly different at 0.05 among the same volatile.

Figure 1-1-5. Total volatiles in Sujeonggwa

T HAZ gel A=9

t}. S-cbn, Positive control, S-slow, S-sarang, S-cheong & 57FA A ZoA

cinnamaldehyde 2 U}E}%E O 1™,

benzenaldehyde

L
)

coumarine] ¥ WHAZ o] HAZHS]

A=

3
AN E

cinnameneo], 1}w X

Fol M

7} S-sugar Al
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S-han S-organic

I3 S-scFOS S-stevia S-cbn Positive S-slow S-sarang S-masil S-cheong

S-sugar

$-PH

control

Figure 1-1-6. Selected major volatiles in Sujeounggwa

1) Units of cinnamaldehyde was 1x 107 oA

2) Benzaldehyde was 5% 10° oA those of other volatiles were 1 x 10° pA.

* Different letters are significantly different at 0.05 among the same volatile.

1 Units of cinnamaldehyde was 1x 107 oA

2) Benzaldehyde was 5x 106 oA those of other volatiles were 1 X 106 pA.

* Different letters are significantly different at 0.05 among the same volatile.
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1-2 (AFAT 2) 2T E< o8& +8HAe & 45 JAE 58 & =3

71548 AF

TEAE WY
7 AE o] Az
e 2lo]= R chow diet (20185 Teklad global 18% protein rodent diet USA)9

cholesterol 1.25%, cholic acid 0.5% Z1#]al coconut oil 10%S FHHIZ H7}3 3 pelleto 2
A Z35F 5 o
Y. 3EAS
1Y 2HEES A 2 AS2EY 2 F7HE #18 apolipoprotein E knockout (Apo E KO)
Ap-g-2~
]

£ AHEsEA T Apo E KO vh-¢-2(Male) 46vt2]E 794 3t(SLC Inc., Hamamatsu, Japan)
AN F 1 npd R Aol Ao Fo] AMSSIAT AASAY 25+ 22£1C, F
T+ 55+5%% AR, 2B 1242 Fr1= 2-sdn. A Vsde &dstr] A

o RFU2EHNEYFS FUE F FARE PROR FoldQnh 430 nFA2UE Yol F
Fog & g Aq¥S T3 Y FHUzHE F=7F 1,000 mg/dL o] o2 FUtE 1F
sHEYZ0 HFUIASS AT 24 T FU2HE FEF FAHES Bojske] 6

) ]
T AYPToRE b}—tr T Y 2HE Aolot FA8AE ATE FASHEA 673 43S
P2 10FAth A3l AHEH F=T2 67(=N2E AYNzT = A

#++(normal group, NOR group), A&zl @‘%}% d # w(sucrose solution fed group, Exp.
control group), A& H7} A S5 (Sujeongewa drinks with sugar, S-sugar group), stevia
A7V 71eAd FA8F S5 (Sujeonggwa drinks with stevia, S-stevia group), short-chain
fructooligosaccharide 7} 7164 FAHIA S5 (Sueonggwa drinks with scSFO, S-scSFO
group), 183 IFAUERTOZ A HIFEHRE HAHAZ F(Vilac Sujeonggwa drinks,
Positive controDe]®HTable 1-2-1). s AN ZT o= ARG HIg A= FA A =k A4t
g AFoz Ay, AF =L % FEFE 025%5 1PROE FfHsta wAHd"gy SHES
10.92g/100 mL 7}t AFoz2 &S 44.1 Kcal/l00 mL2 A" ALEF 9 dFe B A9
A e A H7F AR} ettt B Aol LS A AT 2z
°] 0.19% FfFEol do TAHNETY 0.25% B}t thi @Eket ols Z3 FE=& AHESt
A 7] wiEolth. B A Avet A &2 0.11% 2 0.26%°] At

Nees ZUE AHEste] Md &L Azt B+ T3t nkg2o Fosts #8349 &
< A 1Y 7138 25 AAFHESAA, 2012 7IEoE 4= w22 BAA S 10)
AS 1 kg T 22 mLollar o5 B APl AHEF rk¢29 Fit AT 25 go = AMede
o 3t AHZFLS oF 500 pLelAT. vl A ﬁ?i 04?'5* T A= lﬂ Hf %"*Ol 100

]

=43t (F =4, AR 200, Relchert Inc. 3362 Walden Ave Depew,
NY14043, USA) Age] 5u7t FEHEHJEA g & -20Co| BAstHA FEA AT FoA3)
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Atk B FE4Ade A AAL Fdgun FE4AP-&9d3](Pusan  National
University-Institutional Animal Care and Use Committee, PNU-IACUC, Approval Number
PNU-2014-0502)¢] <<%l & 3P = Ao

Table 1-2-1. Experimental groups

Group" . L
Diet Oral administration
(n=7/group)
NOR Water
Exp. control Sugar (Sucrose) solution
S-sugar High Sujeonggwa drinks prepared with sugar only
S-stevia cholesterol diet Sujeonggwa drinks prepared with sugar and stevia
S-scFOS? Sujeonggwa drinks prepared with sugar, stevia, and scFOS

Positive control® Vilac Sujeonggwa drinks

YOral administration of 100 «L of water, sugar solution or Sueonggwa drinks were carried out daily to

hypercholesterolemia induced apo E KO mice for 6 weeks. NOR group fed water as a vehicle and control group
fed sugar solution that is the same amount of sugar used to prepare Sujeonggwa.

J5cFOS: short-chain fructooligosaccharide

¥Can Sujeonggwa (Vilac Sujeonggwa, Vilac, Korea) was used as the positive control for the study.

Table 1-2-2. Recipe for the various Sujeonggwa drinks

Sujeonggwa containing

ngredient sugar sugar+stevia sugar+stevia+scFOS
Cinnamon extracts” (mL) 500 500 500
Ginger extracts? (mL) 500 500 500
Sugar® (g) 110 35 89
ScFOS (g) - - 10
Stevia® (g) - 3 0.75
kcal/100 mL 44.4 15.5 37.8

DCinnamon sticks and water (1:17, w/v) were boiled for 10 min at 2,000 (equivalent to 550°C) of electric range
(Swiss Military Electric Range, Gyeonggi, Korea) followed by boiling for 50 min at 1,400 (equivalent to 400°C).
ISliced ginger and water (1:10, w/v) were boiled for 10 min at 2,000 (equivalent to 550C) of electric range (Swiss
Military Electric Range, Gyeonggi, Korea) followed by boiling for 50 min at 1,400 (equivalent to 400C).

9Black, brown, and white sugar (1:2:2/w:w:w) were mixed.

“Stevia product used in this study is composed of 25% stevia and 75% glucose which is commercially available on
the market.
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o A 2 ANEFF

107 A %, P25 1242 A4 AI7]a0 zoletil (30 mg/kg BW, Virbac Laboratories,
Carros, France)®} xylazine (10 mg/kg BW, Bayer Korea, Seoul, Korea) & H& 27 FA}sho
AR & BRE AUNste] st 5l A AelA A dsiitt. @42 heparin tubeol] A
skl 3,000 rpm, 4CIAM 2023 4 ZEen, dojd dAe 80T HAsiit. Ad
< PBSE #Rst Z7] W dhs AASAL b, AA, B, 1% HE HEste] AA(AR

SRS AAR F FAS ZHSRAG F7E -80C BasEA APo) Agssic

2. AEYH
D EF 2 2 HY AdFs=: &

& U F 9 2HEAM202-K), T4 AP (AM157S-K), 18]22 HDL-C (AM203-K) 3%+ &
WS o] 83 AR kit (Asan pharm., Korea)S A-g3te] A3} a1, LDL-CE Friedwald®
(1972 &3] AT HH He| AFAFEE FASH] A8l 27 #AAES AxsAo o
Aol 7+ 2 ¥ x2& FHI F PBSE 73]l homogenizer (Polytron, PT-MR 3100,
Switzedland)2 & 3}stFth. =2 @ 15812 FZ-&vj(chloroform : methanol, 2:1, v/v)
£ F7bete] wiuj £ vortex® AESHA EFSHHA Aol 241 FSF AWE FE2I FH o
Fate] A FEAES AU dAFY AW FEHS Hal &uiE AN F T Zd 2H
E(AM202-K) 2 FAAHH(AMI57S-K) =4 & kitE o] &3l =H33 o).

(2 & F F4H35(TRAP) £4

% I1ksbsS Rice-Evanset Miller5(1994)2] WS st At 24 A5+ ABTS
[2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonate), 150 uMI]2} metmyo-globin (2.5 uM)& H,O;
(75 M=z Z43AA FAdHE ferryl myoglobin 2tHZdFe] FEzgo o AAE ABTS
radical cation®] FFEE =AH}E Ao R FFEo A AxE= AR F(0.84% plasma)o] =
o]l antioxidant capacityoll vl#E3tA Bt} fFElAl @& PBS buffer, ABTS, metmyoglobin<
Y 33 F plasmaE ¥ HOE  8EAIA 734 nme  FAFZo|A UV/VIS
spectrophotometer (Shimadzu UV-1601, Japan)E& ©| &3t &FF=E 43ttt 4ol TRAP
S5+ trolox®] calibration curveE o] &35t A4bst om  TEAC (Trolox equivalent
antioxidant capacity, mM)Z e} T},

3 ¥F, 7 2 ¥ ROS &5 &

& reactive oxygen species (ROS)S w%+ Al 5(199De WHo = AT 96-well
plated] &4 10 xLe} 50 mM phosphate buffer (pH 7.4) 190 xLE #H7}gk 3 125 mM<]
DCFH-DAE 50 u«L #F7}she] excitation 485 nm/emission 530 nmol Al wjfde] FFJHPEE 5
B 1407 3087 Z2AsH T @5 ROS B %+ fluorscence per min® & A4etdeh 1+ 2
3ol ROS v% =&AL s <A 3+ =%Z o PBSE FH7}sle] homogenizer (Polytron,
PT-MR 3100, Switzedland)® &3}ttt 22 #dHE 3,000 rpm, 4CA 1583 AAE



28 4392 T 12,000 rpm ATONA 1583 A4Eelsie] A4EL ROS £A4e] AL-g3hs
o 3 @ o] ROS FEE @ ROS 55 24M7 U Pow A

@ €%, 1 € H9o AEAANEE FH
g 7 2 Ho %A #}23E HEE thiobarbituric acid related substances (TBARS)9] 3¢
Fow ZAstHOhkawa H et al. 1979). 84 | AAH4stES SAsH7] A8 4 50 ul
o] 0.06N HCI 500 plL, 0.67% TBAE<§ 167 uLE Y3 95C ¢] water bathel 4 30&7F WAl
T AdSEoA WAAAHY. 7)o 15% methanole] /% n-butanol 0.7 mLE H7lsk &
2,500 rpmell A 103 AAEE AA AL F5HY FFEE 540 nmol A ZSH3HA !
Ho] AAAEES SAHS] 8 dAFe] 22 S AT F PBSE Yo #d3 g
ol Oﬂ 0.67% TBA, 0.1% phosphoric acidE #7}3F t}& 95T ol A 4587+ w3 A AT
SolA WzZtA 7l th2 n-butanol2 F7}ske] 3,000 rpmoll A 10837F LA RT3 A
%EE 540 nmoll A ZA3IF . & 2] TBARS F %+ malonaldehyde (MDA) ®+=

st e

.7

QLY

Y

—.~
Py

l

et
rx o (N

tlo 12 oo X
o

G) AAoA #-d g el (SREBP-1, SREBP-2, FAS, HMGCR) 23 A= 39l

vk FA &4 (Fatty acid  synthase, FAS) 2 Zgz"HE I Eax
(3-hydroxy-3-methylglutaryl CoA reductase, HMGCR)2] & o M EZ Ao EA3ATh. 3+ =
2]l protease inhibitor cocktail (10 xL/mL protease inhibitor cocktail, Sigma-Aldrich, Saint
Quentin Fallavier, France)3} cytosol extraction buffer (10 mM HEPES (pH 7.8), 10 mM KCl, 2
mM MgCl,, 1 mM dithiothreitol (DTT), 0.1 mM ethylenediaminetetraacetic acid (EDTA), 0.1 mM
phenylmethylsulfonyl flouride (PMSF)-= 1:1000.2 &3k %—014& r =29 3wt HEE
A7tsle] # 23 EAY. 2 YE 2083 doo A3 & 10% NP-402 A 7}si vortex® 4
3] Aol F 12,000 rpm, 4C oA 5&3 G‘Jv‘i— st A2 ASd do] Mxd FEAo=
ALESEAY. A9 5SS H8 99 d w25 =743 $(Bio-Rad, Hercules, CA, USA) ¥ A &2
gl do] gfE MEZH FEE9| Laemmli sample buffer (Bio-Rad, Hercules, CA, USA)e} g
-mercaptomethanol& % 7}ste] &3t o] & 8% sodium dodecyl sulphate-polyacrylamide gel
(SDS-PAGE) A 719 % SFATHI0 V, 243D, Eeld @9 A& nitrocellulose membrane (0.45
um pore size, Whatman, Dassel, Germany)o.2 ©o]&AlZl & 5% skim milkel 4 1A1ZF &<
blocking 3Rt 1z &A1 Anti-Fatty Acid Synthase (ab22759, Abcam Inc., Cambridge, UK)
+ 1:1,000 ¥]&=, HMGCR (sc-33827, Santa Cruz Biotechnology, Santa Cruz, CA, USA)<
1:500 ®]-&=, Anti-alpha Tubulin (ab52866, Abcam Inc., Cambridge, UK) 1:50,000 H]-&=Z 3]
A5t membraneo] 3] F7|A T AEjlA 4T AA HAY BES AFT o] AlFHslS 1
28 FAE AAsEa, 2z AL AolA IAZE F<F RESAIFHT 22 A= Donkey
polyclonal secondary antibody to rabbit IgG (ab6802, Santa Cruz Biotechnology, Santa Cruz,
CA, USA)®} Goat polyclonal secondary antibody to mouse IgG (ab6789, Santa Cruz
Biotechnology, Santa Cruz, CA, USA)E A}&3stth Rabbit IgG&= 1:3000°.2 mouse IgG+
1:50000. % A sl AMEStAth ¥H-E & membranes Al A sl REREZA] &S FAE AA
3k, enhanced chemiluminescence (ECL) -8<#(HyGLO, Denbille Scientific, Metuchen, NJ, USA)
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o7 WA AlA CAS-400SM (Davinch-K, Seoul, Korea)= Z g3ttt whald o] 23S image J
software (http://rsbweb.nih.gov/ijNE At&3std SASta, TH A=+ o -tubulinddl g Bl &=
FABFA T

A A3 T4 T #FAst= ZARIAR] sterol regulatory element binding protein-1, 2
(SREBP-1, 2)o] &2 oA ZAH3HT MEHD dild &5 & Aoz pelletel] cytosol
extraction buffere} 10% NP-40 &3S F7}ste] vortexdt o2 12,000 rpm, 4C oA 30x3F
AR FSAE AASATE o] AAS 23] wHE At pellets A 7]
high salt nuclear extraction buffer (50 mM HEPES (pH 7.8), 50 mM KCI, 300 mM MgCl,, 1
mM DTT, 0.1 mM EDTA, 0.1 mM PMSF, 10% glycero)<} protease inhibitor& 1:1002 &3%3}d
100 uL H7bste] dgollA 3023E WA etHA mwrkstth o]& 12,000 rpm, 4C oA 10&3t
AELYS & ASHE dof vz =252 AMSSIYT. o HF HU| 9 9 @
S Az FEEE o83 AP FLsHA Aok 12+ A= SREBP-1 (sc-8984, Santa
Cruz Biotechnology, Santa Cruz, CA, USA)3} SREBP-2 (sc-5603, Santa Cruz Biotechnology,
Santa Cruz, CA, USA), Lamin Bl (sc-56145, Santa Cruz Biotechnology, Santa Cruz, CA, USA)<S
2 RE FAS 150002 Z+7t 3Aste] AFgstt) 22 A2 rabbitd} moused] IgGE AF
71 A3 ¥y FdeA 13,000 2 1:500002 FAste] ALgstHTh Ao A3
antibody®] %+ Table 1-2-33 Zt}

Table 1-2-3. Antibodies used in western blot analysis

Primary antibody Secondary antibody
FAS Anti-Fatty Acid Synthase antibody (ab22750)
HMGCR HMGCR (H-300): sc-33827 Donkey polyclonal secondary
SREBP-1 SREBP-1 (H-160): sc-8984 antibody to rabbit IgG (ab6802)
SREBP-2 SREBP-2 (H-164): sc-5603
a -tubulin Anti-alpha Tubulin (ab52866)

Goat polyclonal secondary
Lamin Bl Lamin Bl (ZL-5): sc-56145 antibody to mouse IgG (ab6789)

(6) &% pro-inflammatory cytokine &%

&% interleukine (IL)-6 (431304)¢} tumor necrosis factor (TNF)-e¢ (4309048 %= &4
A=A WMS o] &3} kit (enzyme-linked immunosorbent assay, Mouse ELISA MAX Deluxe Sets,
Biolegend, CA, USA)Z =A3tAth. 96-well plateo] IL-62F TNF-« 2] capture antibody<S
coating buffer2 3|43+ & 100 uL® H7lste] 4CTolA 17A1ZF B9 #A51HT o] wash
buffer (PBS, 0.05% tween 20, pH 7.4)& 43] A& & 200 uLe| assay diluent® 1A]7F FoF
blockingalith. Blockinge] £y plateE wash buffer® 43] A& % 314 = sampleg 100 pL
A wellol]l BEF3a Ao 247 FoF WA st Wash buffer2 43] A& 3 detection
antibodyE 100 uL H7Fst] 1AIZF §<F oA HHEAZAT §Ego] 23 & AdHA &2
antibodyE wash buffer2 43 AM|#3F F avidin-horseradish peroxidaseE 100 ul 3 7}ste] 30
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B Zot wrx]slar, wash buffer2 5% A A3t th o] 7)o TMB substrate 894 100 ul H7}
&ta] oFA o)A IL-6% 208, TNF-o = 155 W3 & 2 N H,SO,2 100 uL & H7bste] vh-e
S HAAANZAY. TF == 450 nmol A A8 H Tk

S
% 842 COX-2, INOS ¥ d5Hs< =4d3t= A

A W (immunohistochemistry, [HO) 2.2 135} ™, color agent

i% diaminobenzidine hydrochlorlde (DAB)-& A}-&31% 3 hematoxylin©.

A k28 FJAT & WS AFH 3 4% paraformaldehydedl] 7 =2

S5 AFstAth olE 4 yme FAE A3 $ Agyog IHE % ojEo H23

PBSE o] &3t AlFstath 1a A& 3021 9heA2l & A HA &2 A= AR

£

1o
f
"
_‘
" do
i
e
18
PN
_1>i
i&*
J%

HHU

t}. of7lo] 2z &A(biotinylated secondary antibody)E ®Hg-AlZl & avidin biotin complex
(DAKO co, Carpinteria, CA)oll WX AT HE-§-o] dojd &<
ol o]E A YHAn A (Eclipse 80i, Nicon, Japan) .2 #H3Hch Ao 2 Ay WAL
image J software (http://rsbweb.nih.gov/ij)& ©]&3l] pixcel THZ AR o™, Exp.
controli- ol A FA =R A S 10002 3t T2 AdTy 43 WS vty

12} &A1 COX-2 (sc-1747, Santa Cruz Biotechnology, Santa Cruz, CA, USA)= 1:100°0.%
31435 0.1, INOS (sc-7271, Santa Cruz Biotechnology, Santa Cruz, CA, USA)+= 1:50, NF- « B
(#6956, Cell Signaling Technology, Beverly, MA, USA)= 1:2000.2 3|X3sla] ALg3IH T 23k
antibody2+= COX-29] 7% Real Envision (K5007, DAKO, Glostrup, Danmark), iNOS, NF- x B
+ M.O.M. Immunodetection kit(PK-2200, Vector Laboratories, CA, USA)S A}-&3}3ith.

2] -3} ]] E.s]—;q]‘— 71-/\ﬂ0i O:l/\ﬂ

® 935 U9 A4 IR A= A

sz XA JAAEE FAst7] 8l slF A FHWFTS 233t 4% paraformaldehyde
of A3 & Z2-& 30% sucrose & F7} F FoF kAHF Al & PBS (10 mM, pH 7.2)
Z 33 AAHd & FZAE EZujA(Tissue-Tek OCT compound; Miles Inc., Elkhard, IN, USA)E
ALg38e] FZAAZI & cryostatell 4] 6 xm FAE cutting o}%{l’/} Cutting® A ¥H-2 slide glass
o & ARAAA &4 slide TEE AR 52 slide £E-E 100% propylene glycerol
of @7} A3 @A g Lol oil red O &0 10837 M3 F 60% iso-propanol
o= %‘*—‘I‘OPME}. npAet o g2 FRTE 33 AHsta &4 SUAE BYsttt ol red O
Aoz FA M9 AF 2 B+ Fst AvA(Olympus CH30, Olympus, Tokyo, Japan)
o] Bate g etol Al BFEl 1L, DMC advance image softwareS Ap&-3to] =43¢t}

() FoF 54 Y7t

DNA €248 =437 93l Singh 5(1988)2] WS WHE3}e] comet assays A3t Th.
b W&E 2] DNA <=7 : 1% normal melting agarose gel (NMA)7} precoating® slide $1Z

%l
& 20 pLeF 150 pLe] 0.7% low melting agarose gel (LMA)S 4& JdAEHYS =24 EF3 &
cover glass® Yol 4C YA 1o BB
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() z+e] DNA <=7 7F 1 g8 ZE3le] HBSS bufferol &2 7+ =2 o] 240 unit collagenase
E AE3 o3 31C A 3023 AEstATE I T 40xgol A 57 AAEY st 1F 23
< Jtehekel & FEHS EEste] 700 gollA 1083 Al YAEE st MEZQI FSAL
3t Cell pellete]l 300 pLel 1% low melting agarose gel (LMA)S =315 4o 11 F
150 uLE #H3F 1% normal melting agarose gel (NMA)Z precoating® slide $lo] &F3+ &
cover glass® Go] 4C Ao R#AsI T

(th HZZAIZe] DNA &4 @ HlAS A& 5 RPMI 1640 wjFoio= e & Hit %a]lg_g
2 st AxE FElAd 3, Al 84S 100 uM nylon cell strainerel] & 9
doz 29 AFHsta 3000 rpmellA 103 AAEE st HEFE AASH] 918 RBC
lysis buffer 10 mL& 217, 5837F A&x 3 200xgolA 10837 94827 3t dt= cell
of PBS 10 mL¥ 41 2x106 cell/mLe] HE=E ZA3S thg, 150 uLe 0.7% low melting
agarose gel (LMA)3} 4& % 1% NMAE precoating® slideol] @etdo] FuF EAEA 3
% cover glassZ Ho] 4C WA e R#As

(2h 4kstd ~Ef 2o A - 2 AAE G T NY slideg At $ 719 slides control§
oz Ag3st, 2 3 A9 slidex= DNAY 4Hstd »EHAE 71817 Y8l 113 v A=
200 uM, W ol = 400 uM HoO, 8o slides 7} 5837t Al 5 PBSE Al &35 h

(rh) A719s 2 olv A Fz: 4T PAIro|A gelo] 22 ™ cover glassE H7]a I $lo o
Al 0.7% LMA €< 100 pL2 3 3 o @At Cell lysisE &l vlg] &vl3] & 27k alkali
lysis bugger (2.5 M NaCl, 100 mM EDTA, 10 mM tris)oll A& 1% Triton X-100& 4& 3
slideE g7} 4C, &4 oA 1A% 52 HAAAH DNA double strandE ZEoJFAT}.
Lysis7} €% slideE A7|9% =0 wl<g3slal 4C 27Fs electrophoresis bufferE 1 20&
ZF unwinding A1zl & 25 V/300£3 mA<e] Hte Ao 2083 A TS HASIH 7Y
Fo] By 0.4 M Tris ¢4F8APH 7502 FE3S AHs 20 ul/mL H%2] ethidium
bromideZ S FAste] FF HAuvjHFdoz F@A3te] CCD camerad T3l Zhzhe] AL image
+ comet image analyzing systemeo] AXH HFEHZE E43IHTH

(10) FAA =

RE YA

M

= HH+EFHAZE YERY QAL one-way analysis of variance (ANOVA)Z
7 S A=3FaL(SPSS version 21, SPSS Inc., Chicago, IL, USA) Duncan’s multiple range
test® AFS AFst o 5 0.05914 FolAde ASstAth 2 Ad e a3 Hlus
student’ s t-test= 7 53T
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2. £RF &8 AHFd 02 AA%xE A D oxidative stress 7| &7}

FAY 28 AFHd B2 AE 5 Ast 2L oxidative stress MA BHE AR $5H]
np$-2o E9 AFH3I AANETZNOR group)d AEET AFH3 A x=(Exp. control
gAF o] 93 AA%E 9 oxidative stress =71 A EE Aty H 9t

3 HlwstAdoh £ S50 FHE AHEY] 95t ANz LI g Aol £33
Hol duk A3 27 FH(Ssugar group), steviazlh H7HH F=AHFAE A4 FH3 stevia

TATY S5 F(Sstevia group), scFOS7F #H71E FAHAE HFH3I scFOS A3 2857

(5-scFOS group)o.& ¥ 67 Hlwste A S5 AFdd BE &35 4Rt

7} AlFHst

Ay 10779 AFTHeFS A"E AdFS Exp. controld, HIZEFAAE HFHI positive
controli, Z18]a YWFEATRE HFH3 Ssugardol A ohAd oy A AT 71 {9 R
zkol & A tHTable 1-2-4).

Table 1-2-4. Effects of functional Sujeonggwa drinks on the body weight and body weight
gains of hypercholesterolemia induced apo E KO mice®

(@

Group? Initial Final Body weight gain
NOR 20.96+1.30™ 28.8441.88" 7.89+1.02™
Exp. control 21.43%1.65 30.30£1.20 8.87x1.15
S-sugar 21.27+1.08 29.83+1.64 8.56+1.02
S-stevia 21.33£1.64 29.46£2.71 8.14+£1.90
5-scFOS 20.49+0.84 28.68+2.27 8.19+2.50
Positive control 2131141 30.15+3.64 8.84£2.87

Data are mean+SD (n=7 each group).

YPlasma cholesterol concentration of apo E KO mice reached over 1,000 mg/dL after 4 weeks of 1.25% cholesterol
diet consumption with mean value of 1077.284+164.00 mg/dL (n=42). Mean value of plasma triglyceride
concentration of apo E KO mice (n=42) at 4th weeks was 162.98+39.87 mg/dL in the range of 154.42 to 167.12
mg/dL.

YSee the legend of Table 1-2-1

NSData in the column are not significantly different.
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xad A3 Fo d'o] 238 F4% 285 Yl SsugardolA= dF TR,

FTZU2EE, LDLEA2HE 57 el vs) dastidoy folAd Aol Holxl &

k. 2ol mlE steviart HrE FAT =R AFALAAME FSU2HE, LDLEH ZHE 9

F57F ool vls) 22k 20.8%, 22.6% ‘Pr-/];—(—,.g.i 7rAaskgl o™ (Table 1-2-5, p<0.05), HDL

U ZEEY T5= 76.9% oA or FestAdth(p<0.05). SCFOS7E e 4% &5 A3
H|

—sﬂ A" =27} 223% SoHow 7ha
s zEHEdS S MAdsts ‘PJr b =ske

ste w37} Qe Ao FAFYD

T2 A3 FAHHE AFHT positive controlt ol
3FATHP<0.05). wetA] steviazb 718 A= 1

), scFOS7F A7Hd A4 3+= €5 A" v=5 7 H

Table 1-2-5. Plasma lipid concentrations of hypercholesterolemia induced apo E KO mice?
with oral administration of Sujonggwa drinks for 6 weeks

(mg/dL)
Group? Triglyceride Total cholesterol LDL cholesterol HDL cholesterol
NOR 190.58 +39.56" 1286.30+234.23° 1235.82+227.84° 4.23+1.84%
Exp. control 241.88+20.65% 1668.49+168.47° 1618.44+160.73° 3.64+2.40
S-sugar 231.24+59.92% 1412.79+241.98"  1351.90+183.75% 4.91+1.99®
S-stevia 229.18+21.54% 1321.69+174.06° 1252.434180.22° 6.44+1.89°
S-scFOS 213.81+48.61° 1355.94+243.38°  1312.79+241.77% 5.30+1.26%
Positive control 275.13+8.32° 1533.42+165.88°  1481.92+193.66% 3.94+1.69%

Data are mean=+SD (n=7 each group).

“bData with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple range

test at p<0.05

D 2See the legend of Table 1-2-1
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Table 1-2-6. Effects of functional Sujeonggwa drinks on the plasma total radical trapping
antioxidant potential (TRAP) in hypercholesterolemia induced apo E KO mice®

Group? TRAP (mM)
Exp. control 0.78+0.08N°
S-sugar 0.72+0.07
S-stevia 0.66+0.11
S-scFOS 0.68+0.20
Positive control 0.72£0.04

Data are mean+SD (n=7)
D 2See the legend of Table 1-2-1
NData in the column are not significantly different.

= APT F ROSY w5 o<l AolE Holx] ZYtHTable 1-2-7). Tz &
% TBARS v+ A®ES AFAT dxTolA 7H =kom Zddxadd vl&l 38.7% 2
Ao g 7489 tHTable 1-2-7, p<0.05). A} 37 Ssugara’, Ssteviaw:, 18]l
S-scFOSwe] TBARS #%+ Exp. controlteol ®l&| 2z 27%, 35.7%((p<0.05), 18]al
34.1%(p<0.05) Zra3tgon, 7154 +A7e] TBARS HE= A4tz fASHAT

Table 1-2-7. Inhibitory effects of functional Sujeonggwa drinks on plasma lipid peroxidation in
hypercholesterolemia induced apo E KO mice?

Group? ROS (Flu/min/mL) TBARS (nmol MDA/mL)
NOR 422.00+109.47 21.30+5.95"
Exp. control 563.67+£123.42 34.73+3.00°
S-sugar 441.00+189.57 25.36+7.05%
S-Stevia 424.50+60.10 22.35+8.10°
S-scFOS 428.20+128.28 22.88+8.56"
Positive control 543.25+299.21 32.55+11.18%

Data are mean=+SD (n=7 each group).

“PData with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple range
test at p<0.05

D 2See the legend of Table 1-2-1

MData in the column are not significantly different.
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ot 23 U Ad 5=

ARES Z7E AATT A8 tix7Y 11 TG w5 AAtET Hl&) 31.4% freldo=
<7Fsto{(Table 1-2-8, p<0.05) o A& HHA= Y TAHAAY s=5 =Ave= 71E9 o
TAHRL XA TtHSouza GA et al. 2008). o]#g 2t TG =2 @& 4% HFH 93l
AstE e S HE AT HATE 7o R diFg LS B ATolA AT A
d FEEET MU FAHAS SsugarT Y TG TE5EE Y TE9 AY=S *é]ﬁ/\l?‘ EXxp.
control#oll Ml 17.9% FolstAl ZAasE oW (p=0.044) 33 st AlFFH A= V FF
HF=E HHAANZ FANETY TG =+ controld #2221 zol7t gt 7% *&‘ T892
S-stevia®} S-scFOSw¢] 3+ TG &%+ Exp. controlel] 48] 19.7% (p=0.005)<} 21.7%
(p=0.035) A3t o Ssugarzol HIEIAE 2.2%9 4.6% A= vualA Z2s%Th 7+ TC
T5 Y9A] Exp. controliel] WIS S-sugar, S-stevia, S-scFOSwollA  Z+2F 12.6%(p=0.027),
20.6%(p=0.000), 12131 19.8%(p=0.010) FjH o= TAstAY thA Fo H7te mE FHIAT
ko] zol= Fo R o)A okt Ssteviaw I S-scFOSTe] 7+ TC &+ Ssugartoll H] 3
9.2% R 8.3% 27 ZFAste] HAETE HUlste Axd FAHAAEG A AR EE HUlsiA S
uf kol AA 2 AA| At Aedte Aor #AFEEHIAH

¥ TG &% Ssteviad 3 SscFOSwoll 4] Exp. controlwoll B3l 18.4%, 30.3% 2l3kA 7+
2:3}(Table 1-2-8, p<0.05) &% 2 ko) TG F=9 §AF AFE Bt ¥ TC F=& F
A= HF3I Ssugar, Sstevia, S-scFOSolA Exp. controlol| Bl&) Z+zb 3.1%, 6.7%, 4.2%
ZHastR o Fol Al Ao+ Ut

- oL

_46_



Table 1-2-8. Hepatic, cerebral lipid concentrations of hypercholesterolemia induced apo E KO
mice® with oral administration of sujonggwa drinks for 6 weeks

(mg/g tissue)

Group? Triglyceride Total cholesterol

Liver
NOR 36.54+9.53° 7.9740.80°
Exp. control 53.28 £7.47%® 10.1141.20°
S-sugar 43.74+ 1398 8.84+1.49°"
S-stevia 42.79+6.232F 8.02+1.14"%%
§-scFOS 41.74+15.89%* 8.11+2.16>**
Positive control 54.38+13.96° 9.55+1.96%

Brain
NOR 1.53+0.25" 15.15+1.17°
Exp. control 1.92+0.41° 17.20+0.97*
S-sugar 1.76+0.26% 16.6640.92%°
S-stevia 1.57+0.26™ 16.48 +1.24%°
5-scFOS 1.34+0.08° 16.04+1.72%
Positive control 1.97+0.12° 16.74+1.39%

Data are mean+SD (n=7 each group).

“Data with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple
range test at p<0.05

D 2See the legend of Table 1-2-1

“Significantly different from the control group (p=0.044)

*Significantly different from the control group (p=0.005)

*Significantly different from the control group (p=0.035)

“Significantly different from the control group (p=0.027)

#4Significantly different from the control group (p=0.000)

* *Significantly different from the control group (p=0.010)

Bl 23 Y ROS¢t TBARS =

7t ROS F=+ Exp. controliro] & AddT FolA 7P =8k NORTol vlsl 40.4% =
YTHTable 1-2-9, p<0.05). A I S5+ S-sugar, S-stevia 1831 SscFOS+#2] ROS H&+
Exp. controlsoll HI&| 17.9%, 33.8%, 18]al 24.9% ol& o2 74351 (p<0.05) A3l #8
7] 2ARRE FAstATE 71sd T8 FE7] &AFTES Ssteviaw ol Ssugara Bt
19.4% A o8 7FA3od(p<0.05) AEo] ROS A #AV des Aox #FHL o]d
13 positive control#¢l Al# A 372l ROS &%+ Exp. control3 fARStY 1 &35 4
HE 4 31k 7+ TBARSY ¥ =+ Exp. controli#o] NORTol Hl&l 37.9% oz ow A
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51(p<0.05) ROSe} FASH S B tHTable 1-2-9). &4 AE HHAIZ ¢ TBARS &%

Exp. controli-oll Hla} Ao 2 7FAased(p<0.05) Ao A A3 A axns el

Ao} 7154 $A7e TBARS 5t dutsAe) GRSt oA o] se] AR <

YAl 43kth o] e Ao ofsti ko] ROS ¥ TBARS =+ Ao

B sles dased. $UT 95l 49 dATAS ER4 A5
[e]

(e}

met K

3

s

i

g0

of o
ot
m{o rlr

oﬁ JN

23
st A 3= AAH AT FE7] &7 &3 9 F4EE aeA 791
AZtEth A9 F2E 044 mge BHT 100 ppm Eth @A &7 =9ho
(El—Baroty GS et al. 2010) AT AHHF AHEL «-tocopheroldt FA13 217 £2A5S BEA
tHMancini-Filho J et al. 1998). A4FE&8 9A FEl7] 24 &3 9L d4tgso] A (Ahmed
RS et al. 2008) o]= A7Fe] f&A < [6]-shogaol, [10]-gingerol, [8]-gingerol 52| &4+3} &
FH(Dugasani S et al. 2010094 71A% Ao =2 LA Ao

= ROS % TBARS %+ Exp. controlsoll A 7} wkom =43 HAFH o o3 Fast=

AEFe B0 ZF o ke FYAQl Aole v AR Hol A} HFH7E Holl A=
FFE 2t A= Gl vl mmd Ao g2 glE ¢ eTable 1-2-9).

o
]z

o L > ox 40l
& oo of
@

&_E>\‘_L

Table 1-2-9. Inhibitory effects of functional Sujeonggwa drinks on hepatic and cerebral
reactive oxygen species (ROS) and thiobarbituric acid reactive substances (TBARS)
concentrations in hypercholesterolemia induced apo E KO mice®

Group®” ROS TDARS -
(Flu/min/mg tissue) (nmol MDA/mg tissue)
Liver
NOR 2172.88+£147.71° 19.26+1.71°
Exp. control 3644.08 £ 246.15° 31.0245.74°
S-sugar 2993.47+529.81" 22.2245.70
S-stevia 2412.32+357.73% 20.50+4.85"
5-scFOS 2737.93+354.99% 21.19+7.87°

Positive control

3330.39+323.57%

25.11+6.77%

Brain
NOR 15751.67 +2972.54™ 26.44+3.35"
Exp. control 19507.88 £ 3540.60 29.45+5.46
S-sugar 16248.21+2405.73 26.73+4.63
S-stevia 16099.62+4379.01 27.98+0.51
S5-scFOS 15914.02+3482.53 25.78+1.44
Positive control 17307.39+£2337.39 28.89+3.52

Data are mean+SD (n=7 each group).
*Data with different letters are significantly different with one-way ANOVA followed by Duncan’ s
multiple range test at p<0.05
2See the legend of Table 1-2-1
MData in the column are not significantly different.
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Al ZHY] A E A Y 54 9 AALAY 3 A=
D AL FAE AARIA 2 549 4 = SH

A AF S @491 FASO iz wbg S Exp. controls 3 positive controldoll A 7+ &=t
3 FAIG HFH o o8 ol thFigure 1-2-1). S-sugar, S-stevia, 123l S-scFOSs*oll 4] FAS
@l wd e 77 16.8%, 28.4%(p<0.05), 18]al 30.5%(p<0.05) stobxth. FASe] HARQIAFRQI
SREBP-1¢] ©id e A FAS iy 5Y3 AFS HHFOM Ssugar, S-stevia, 123l
S-scFOS ol A 13.6%, 31.1%(p<0.05), 18]31 31.1%(p<0.05) ZA&3stth webd 343 HAHAZ
A ZHo Ao A4k A A e A8 AHATY B FAHAAY A G239 3 THA
HAUESoE Y78t Ay F g HHAZ ¥S FE3 FHolA SREBP-19] mRNA
S AgAlste] FASS| Td & 2Z4(Qin B et al. 2010) FAF2, ZAAL, F =Y

=5
@$Eo
2HZE, LDL-Z¢2HE 55 3 (Kannappan S et al. 2006), A AhAF #&E 21xQl
PPARe ¥ PPARy o BAE AAToEZHN Ql&Ed A7 dd AAAL o4

37 Jdotar R FEAHSheng X et al. 2008). AAF=E GA] X4k A4 a4 2 o]e
AR WS AT dEA J=dl(Nammi S et al. 2009), A7delA FE¢ ¥
E<Ql gingerol& A4 o]E HFH 3 wl$-29] ZhellA FAS, ACCE ¥©d S oAt
AHOkamoto M et al. 2011). A &2 o]E A F3 FE scFOSE HZF AT 4+
FASS] &Alo] §93&tA #4adtta RusE 9hAgheli N et al. 1998).
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Figure 1-2-1. Effects of functional Sujeonggwa drinks on fatty acid synthase (FAS) and sterol

regulatory element binding protein (SREBP)-1 expressions in the liver of hypercholesterolemia

induced apo E KO mice®

USee the legend of Table 1-2-1 for the experimental group.
aData with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple

range test at p<0.05
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o]&= HMGCRY] #d& FXsthe 7|E9 AdT74A7e}t YA8tAHCherng S et al. 2008). <]
3l HMGCRe] ©d a2 positive controloll &= #ZE ] ¢kgkoy) B A go] 7)jukst
FAAE A4FHS Ssugar, S-stevia, SscFOSTolAM = FojF oz 7HAs thHFigure 1-2-2. all
p<0.05). HMGCR #dS =43t= ZHAFIAIQ] SRBEBP-22] ¥Hd oA HU3 Aoz 43
AFTANA FoFog ol okFigure 1-2-2. all p<0.05). E3] 7154 FA3 HAHTY
HMGCR® SREBP-2¢] &S Exp. controli#ol ®Bla] SsteviarollAl  26.3%(p=0.036) 2=
30.5%(p=0.009) “Eo}lH a1, SscFOSwoll A= 24.5%(p=0.019) 2 24.3%(p=0.005) “rolx A o
Abge ojg ZY2HE F4 B4 W AA AR Hdo] Yol S AT A FEE
< FdzHE FAHES L AARIAY BES dAGTr RusEa o (Sheng X et al
2008, Nammi S et al. 2009) A= 5 ZP2HE AH3taFo| T AFHIE Jou
(Subash Babu P et al. 2007) A3 ¢ HMGCR % ZAFQIAQ]I SREPB-2 & o] &3 A= oF3
7HA] A=Al QA 4t

webd Rbe] AAAE AR Aneh 4o AA Ask Ay 7Ass Ao 4w
. ge) vErl 5U ABSAT gATS 4RE 4ARH 449 Ad $EE g,
ot AYF AR AFAA Yol A VAT £ YA, ABRFAHe] LI A

g o}
A7 w57 B dAF"AA ALg A Zfolvt V] WEerE A" 3% T
YEE 75 I steviaZ OiAF FAHHJE HFHAAZ Ssteviar o] ZHAHE FHELS}
9] AARQIALe] ¥ & Exp. controlioll WIS ZAstth Stevia U E715 A4 FE5HH
Holl AHAHE W 12l AHF4F p-oxidationo]l & acyl-CoA oxidase, acyl-CoA synthetase,
carnitine palmitoyltransferase- 1 &) @THL JF7MAHAT= Hies QoK (Park JE et al. 2009)
AAE A 2 HE AARRIA] i AFEIE oA 7MA EEE Aol gtk Byl ofyz)
scFOSet 22 754 39 AHEE AE thatel] 83 IFS v A= B AFoA &
AHJe. B dFoA 7sd 8 Az A AR B st HAE AR RS dFT
steviat} scFOSZ tAl|slA e, £3] scFOSS #H7bsle] A %3 Ao Mgt e stevias
AHESE Aol Bla oF 25W) E(SolE Bt A ERA 4 P oo HARIAe
AAE 53 AE =7 A 7= steviaol FAFSFATE o] scFOSe] &3+ prebiotics9]
a3 wjFo® AR scFOS AF el oal ZujelA AAH @24+ < propionatee] 9
3l @32 propioantex= HMG-CoA synthase®} HMG-CoA reductase®] &g JA 3t &
] JtHBush RS et al. 1971, Rodwell VW et al. 1976).
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Figure 1-2-2. Effects of functional Sujeonggwa drinks on 3-hydroxy-3-methylglutaryl CoA
reductase (HMGCR) and sterol regulatory element binding protein (SREBP)-2 expression in the
liver of hypercholesterolemia induced apo E KO mice?

USee the legend of Table 1-2-1 for the experimental group.

Data with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple
range test at p<0.05

“Significantly different from the Exp. control group (p=0.036)

*Significantly different from the Exp. control group (p=0.019)

“Significantly different from the Exp. control group (p=0.009)

#4Significantly different from the Exp. control group (p=0.005)

4. A% 285 AF BE 945 94 a3 2 & A3 29

7}. 8% pro-inflammatory cytokine &%

[L-6 2 TNF-eo 9 H%+ Exp. controli#oll Al 71 &kow A3 585 HFH Al F4s=
7Aee H A tHFigure 1-2-3). S-sugar, S-stevia, S-scFOS+9] IL-6 &%+ Exp. controlwol H]
3 272 16%, 34.1%(p<0.05), 21.2%(p<0.05) Faste] A} HHo wE dF A &35 &
AT F AR AR TR/ F FE 2Esto L VsA8 FAAY 59A a3 = g
Uyk=dl, Ssteviamoll A S-sugarwtoll B8 21.6%(p=0.043) 7+43te] stevia H7F AT AFH
Al IL-69] FE7F E& AAT AddETH v FEOE GAaAEES 91T F Atk
TNF-a A= FAFSE AES RY+=d, Ssugar, S-stevia, S-scFOSoll A Exp. controlsol H]
3 TNF-o %7} 27 13.9%, 31.3%(p<0.05), 30.3%(p<0.05) #ZFAstH oW, Aujgg HAErks
H7bsted A xg S-sugarvoll Ml 75 AWIEE HUste] AxF Sstevia, S-scFOSToll A
20%(p=0.026), 19%(p=0.038) FelH o2 THA3HT.
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Figure 1-2-3. Inhibitory effects of functional Sujeonggwa drinks on plasma pro-inflammatory

cytokines in hypercholesterolemia induced apo E KO mice®

1DSee the legend of Table 1-2-1 for the experimental group.

a-cData with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple
range test at p<0.05

*Significantly different from the S-sugar group (p=0.043)

#Significantly different from the S-sugar group (p=0.026)

##Significantly different from the S-sugar group (p=0.038)

4. 59 g 9% 39 52 2 dAARY B

(1) Cyclooxygenase-2 (COX-2)2] &&

COX-2& E5Wrgo #Ast= B4AEN BAAQ sHd s o] HA ¢, THA3}
Hio|Auk HHHATY. Apo E KO mice®] &9-& immunohistochemistry= 4t & A3y E
controli ol A COX-2¢] ¥do] 71 &= tq(plgure 1-2-4), B3 =50 M-S 53
AAE HHAANZ SsugarTdol A 19.7%(p<0.05) FrolF oz Zrastgedl, ole Ax B
FgAa=agy wiEQ Aoz AMAHAY. 75 ZAuaE Arlste] g A=
S-steiva, S-scFOSol A+ Exp. controlel B3 31.8%(p<0.05), 27%(p<0.05) 7+43}
Ao 2 AFNHS VA B2HE AT S AT

w~ e oy
5 o

2
y
fu
k)
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Figure 1-2-4. Immuno-histochemical analysis of COX-2 expression in the aorta of
hypercholesterolemia induced apo E KO mice with oral administration of functional

sujeonggwa drinks for 6 weeks

A: Apo E KO mice fed distilled water (NOR group), B: Apo E KO mice fed sugar solution (Exp. control
group), C: Apo E KO mice fed Sujeonggwa drinks with sugar (S-sugar group), D: Apo E KO mice fed
Sujeongewa drinks with stevia (S-stevia group), E: Apo E KO mice fed Sujeonggwa drinks with scFOS
(5-scFOS group), F: Apo E KO mice fed Vilac sujeonggwa drinks (Positive control group)

Bar length is 200 xm (X400).

Data are mean+SD (n=7 each group).

abData with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple
range test at p<0.05

(2) Inducible nitric oxide synthase GNOS) =&
Figure 1-2-5v= wl$2¢ &9 ) iNOSE ¥&-E& immunohistochemistry= 4w E ZHAo&
Z¥ 2

=
=

Exp. controlol Hls] EE oAl INOSe] do] ZHaghs AT 4+ AUtk A|F %
1% ¢+ positive controli+2] iNOS ¥& - Exp. controlioll Hlal 15.3%(p<0.05) F2jH o2 7;5\_
stom, B AF"HdA AEs FAHAE AHAAR Ssugar, Sstevia, S-SCFOSwollA S A
INOSe] w&lo] z+z}t 18.3%, 24.1%, 20.3%(all groups, p<0.05) <2 o 2 74313t

J
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Figure 1-2-5. Immuno-histochemical analysis of INOS expression in the aorta of
hypercholesterolemia induced apo E KO mice with oral administration of functional
sujeonggwa drinks for 6 weeks

A: Apo E KO mice fed distilled water (NOR group), B: Apo E KO mice fed sugar solution (Exp. control
group), C: Apo E KO mice fed Sujeonggwa drinks with sugar (S5-sugar group), D: Apo E KO mice fed
Sujeonggwa drinks with stevia (S-stevia group), E: Apo E KO mice fed Sujeonggwa drinks with scFOS
(5-scFOS group), F: Apo E KO mice fed Vilac Sujeonggwa drinks (Positive control group)

Bar length is 200 xm (X400).

Data are mean=SD (n=7 each group).

abData with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple
range test at p<0.05

(3) Nuclear factor kappa-light-chain-enhancer of activated B cells NF- xB) &&

NF-xBe AW Atst2Ed 2 ofsf tiaAZ, FEIAE, WA ZollA AFHkgol #dost=
cytokines, d@us] H2<0zl, COX-2 % iINOS9| HAbel| #Hst= &) ) HAARJIAZ A Exp.
controli ol A &% U NF-xB2] &do] 7} =959 ™, positive controli*3} S-sugaroll A=
Y2y 7.4%, 9.2% ZastR oy 8l Zole §ldthFigure 1-2-6). S-stevia, S-scFOS+oll 4]
Exp. controlioll Hl8] 14%, 10.7% 92 o2 7F43o(p<0.05) LA A =7t NORTH FrAL

FEOo 7 a3

T [N
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Figure 1-2-6. Immuno-histochemical analysis of NF-xB expression in the aorta of
hypercholesterolemia induced apo E KO mice with oral administration of functional
sujeonggwa drinks for 6 weeks

A: Apo E KO mice fed distilled water (NOR group), B: Apo E KO mice fed sugar solution (Exp. control
group), C: Apo E KO mice fed Sujeonggwa drinks with sugar (S5-sugar group), D: Apo E KO mice fed
Sujeonggwa drinks with stevia (S-stevia group), E: Apo E KO mice fed Sujeonggwa drinks with scFOS
(5-scFOS group), F: Apo E KO mice fed Vilac Sujeonggwa drinks (Positive control group)

Bar length is 200 xm (X400).

Data are mean=SD (n=7 each group).

abData with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple
range test at p<0.05

o T893 AEIF A=

Figure 1-2-7 apo E KO mice?] 35S HY3 AXoE A Uz, B A=z
AYS 3 dut A3, D stevia éﬂr:\f, E scFOS A=+, F 3t Z7o|t.
Fol =" A" AALS Exp. controlito] 470422.17 ym’Z 7b4 =4t Ssugarie] S
o] Ay A WAL 317023.14 um’E Exp. controlioll Bl&l 32.6% oA og 7hAa
(p<0.05) A A} A EFAE FAT F AAS 71FAH FAAJ Ssteviagt
SsCFOST <Al 39% % 37.5% Exp. controltoll Hl&] Aoz 7431 (p<0.05) 4 7<)
7158 E AT  AdJoy, Ssugarmoll Bl Fo] Al ztol& fluT. 18y ZEE
o] ¥ 7T FARE AUIHCE AFH & o ¥t FBAE AdFAse A Bok sHASE
AFEA7F U =& A= A7

M

SﬂJﬂom
_8;0'1.1_1:1(3
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Figure 1-2-7. Retardation on the formation of fatty streak in the aortic sinus of
hypercholesterolemia induced apo E KO mice with oral administration of sujeonggwa drinks

for 6 weeks

A: Apo E KO mice fed distilled water (NOR group), B: Apo E KO mice fed sugar solution (Exp. control group),
C: Apo E KO mice fed Sujeonggwa drinks with sugar (S-sugar group), D: Apo E KO mice fed Sujeonggwa
drinks with stevia (S-stevia group), E: Apo E KO mice fed Sujeonggwa drinks with scFOS (S-scFOS group), F:
Apo E KO mice fed Vilac Sujeonggwa drinks (Positive control group)

Bar length is 200 xm (X40).

Data are mean+SD (n=7 each group).

abData with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple
range test at p<0.05
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5. #4% ¢= 4Ad Be ¥ $4 =4 &g

O

T Fd aHRE sty st WIS, IF, HIAS o] 83ke] comet assayE AA
sted DNA 4 54& W = A s A A8 A7 HO.2
e DNA &4 23S a3 mx= &S F3 drld oA 3 A3+= Fig 1-2-8,
1-2-99} ZAth YA = Astd 2EH 25 A ¥ AR} At A BEF IF ol
oAl AolE UEtl A Ftth =29 A9, H:0.F A stA] & Az A1) DNA &
Ao AgES Hol x| HlE Ssteviaw 3 positive controlitoll A #2202 7HASHA AL
(p<0.05), 43t ~E#H2E A2t 7§% steviawr ol M RE FAIZ 0= FoHQl ZolE AT
T AAJTHPK0.05). BHS FFatE B AN ZA Y tail DNA 3 A 43138 2Ed 2o =
=52 &2 AMEe) = z E—‘?—oﬂ/\i =T H T steviad ol Al 533 DNA HS &
Ao 7 Ho} Aglx xE# 2o {Fo BA Qo] steviaE 7S FAIAE 3H v EZ
A=A 7H Hold A3E HQl Zo=E ARHTH

HJ

o ey
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Figure. 1-2-8. Antigenotoxic effect of functional Sujeonggwa drinks on H,O, treated DNA
damage in leukocyte (A,B), hepatocyte (C,D), and splenocyte (E,F) in hypercholesterolemia

induced apo E KO mice with oral administration of sujonggwa drinks for 6 weeks.

Leukocyte, H,O, untreated (A) or treated; hepatocyte, H,O, untreated (C) or treated (D); splenocyte H,O, untreated
(E) or treated (F). Data with different letters are significantly different with one-way ANOVA followed by
Duncan’ s multiple range test at p<0.05. ™Data are not significantly different.
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Figure. 1-2-9. Comet image of leukocyte (1), hepatocyte (II), and splenocyte (II) in
hypercholesterolemia induced apo E KO mice with oral administration of sujeonggwa drinks
for 6 weeks.

A: Exp. control group, B: S-sugar group, C: S-stevia group, D: S-scFOS group, E: Positive control group.

Data are mean=SD.

Data with different letters are significantly different with one-way ANOVA followed by Duncan’ s multiple range
test at p<0.05.

MData are not significantly different.
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A 248 Cross-culture A¥|& ZAE 53 473 £33 S5 #HAY
M (A 2 AFA)

b BR2A ATE B3 £ AFHY 2y 24}

T [F29A107653 = 413)] o As 715 HJv FAFAN A9 A2 =24
22HA938 )] FH AREHAIL, ojHe] FAM dule e AZREs ES AHESISA
r=dedma93sd)] F8 dgs A&7 Al&std. T2d73404 8
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of =73 AME Yo A¥ Bio] ¢y =3l Ad=S F5 o= Bt
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" olebi 7125 o] Yk,

A oAM=

g 2AEA 78 5o A% UAA dEE 24

(1) Stevia

2HUIGS Ao R 2R CAISE AU $Y AL LI, Uof A5 233

ojoj A 120TC ol A 1AIRE 74 3+ Fol&= pHOl W37t gle B ofye} duls dtiE A3t

I Q. 2EH| Aol EE 24 HIZIA R thekstA 2AY F 9, FHE|elo] EoldE AdL

Aol Y& wfoll = wl-¢ kA olth. xE|H| eAtolE AAA = Awe] of 3008 B=o ot
7 o k|

A
o] glom, ZHH|o} o] HEEFL-L °F 30-40u) Hx= duto] rt.

z

(2) short chain fructo-oligosaccharide (scFOS)

ZHELSYUTS AT A 7l 1-3749] o] AFH FFRY EFEolth THEST
A ARemRH AAE AEeEA 1 FxE HAYgd fAst 5 249 &7 39H
sS40l fFARIARE TS A3 gy dastgolung AR 5S4 Wy v=
th. 53] Prebiotics=A AW Fdoll o3 thAE v 1% 7Isde UEdd. IeE
ZHELY TS AR HST ol ARk = Heo] ¢f 30%4 =olth
o AFAHA =T AP 2 71 £33 A A

20 RS A s B AT AASIE gt 1Ed 2 xR A, 7]E d=
ATE e dE FAS Axye Adstal, o8 AR e E dijle] VEd Bt d'e
ARERE dRE A GAITE JNTET @A ABEL s V1S FAS AFS A5 A
o] A B 23 FEAES AVERE AT A, dure AN AFS SE"S T



e 2 ARESta o], ZEYE FFAY A4 7Isdel e £AE ol&sta it T

Aol =& W3] fdsted A" tAAZ AES & A= A EQ] stevia®t short chain

fructo-oligosaccharide (sCFOS)E Ar&3std =479 @ulo] ItiE FAH= dAIHE /NEst

ATk I8a, AAAFTE Adete BAbE HURE FAAE AxsATh B ATFA g

TR AFTA J%(SU]eonggwa with persimmon and honey, S$PH), ¥4Wr=A 3 (Sujeonggwa

with sugar, S-sugar), g2+ H(carbonated S-sugar, S-cbn), stevia®} scFOSE 73+ 7]%5A
A4 3 (S-stevia, S-scFOS)o]th. A xH & o3 2t}

D AF FHHSPH A=Y
AT FARE A AZS A4S, Wu W19
7

o AEH 2P ABSAT B 200 g& AXEA Aol 1% 3mm FAZ
<= A" 20013718 AA 71& 55

A 5 A 4 Lol ¥ A7|EJA(EA =", T)
0C)ollA 1083 2 H, =A% 1601 71 1A 40 ;
300 g& ¥ oA7ol 7Tl A A 120 g= ¥ 25 AE 160 011/‘1 60 Al
AEe Ax A 2 £ F v SvlE € =4S 90 =32 HA S AE AR
1 om® A=e 2712 Zeh FAT 27 427 g(F107] &3 =
< AAHAH

o
N
>
r_\lrl d
o2l
k
o
AC)
K
r+
40
o

(2) YutA 3N S-sugar) A ZH
[olethe =52 300((APSF=HFTSA AT Faste FAHHRE A =3A 71738}
A Aol AAE 87 200 g0 AAES 3 mm FAZR dAHSA A H AF 2 Lol ¥ A

T~

AFRE 7N EAA, 292" HeE, ) 2% 200:71811A 7]1% 550CT)el A 10&3F 2 F,
B7] At 2=A" 160718 1A 71E 400C)ol Al 50 BT 7RZEsA A Al

120 g& A5 2Loll Wil &% 2000 1083}
2 AZE 1600 mLe} ﬁMg 1600 mL<
158.4 g, WAE 1584 9 YW A3 =

() &4t A F(S-cbn) A=

A, 3%, Ags AL 9t A7 S84 AH)E AxT
M2 d, @EYezgol, L2Egohd A3 of 700 mL& ¥-&
AN~mZ 8 &abzk2 ISI Gnbh, @ ~Egoh) 8 g& FU3ATh

[> I
[m |t

(4) scFOS 74 #H(5-scFOS) A=

AZET ADES 7)o A9 BF@QAA Aoz FHlste, £ A= 1600 mL<}
A3 E 1600 mLol| Stevia 2.7 g9} sc-FOS 45.7 g, HEHZ e 64.1 g, B45 1286 g, WA
1286 @<= Y3 o & w7tA Ao FHh

(5) stevia 4 IHS-stevia) A=
AGET ADES 7 A FH@QAA Ai)oz Fhlste], £ A7E 1600 mLe}
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A= 1600 mLol Stevia 10.8 go} MeHZAe 252 g FAe 504 g, WAL 504 9L ¥
=9 WA AolFA

®) & 2] 488 547 HAH

D) AE FA7 GA

1. 7 Zo] Ao AAL AAZ A7 200 g& 0.3 mm FARZ oA 7ste] & 4 Lo ¥
A718AA &5 A" 200(A 7@ A A 712 550C)o 103 £ H, £7] A2k 160
(A71#8A A 713 400C)o A 508 Z<ITh,

2. IAZE Bt 2 AAE & 300 g& Eeth dAx AT 120 g& HojA ¥ 1AZHES
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b L 543 @A

FA Aok A7 200 g& = 2 L

3|

AZ IdA

71 A= 2004712 1A 71 550C) ° 10&3t &< A,

160(A 71 & 1] 71 400C)oll Al 502 FE<lTh.

#H, 3 mm F

7

RECE

e
=9

X

k!

e

Fe 16014 5023t

J]

AR

#7]

il

1600 mL

ek

1600 mLe} A

158.4 g, WAE 1584 g)

h=i
=

el
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hH A9 AAE AHE3 7158 T4 A=
® sc-FOS A3 AT

=
of Y1 AZ|HAA = A" 200071 AA 71F 550CT)el A 103t
Zst 25 A" 160 71211A] 71 400T)elA 50 &t

1. A73E 7ol Aol AALS W7 H, 3 mm FAZ dASHA Aok A% 200 g&

2. A9 120 g= = 2 Lol 21 2000 10&xr &< H, #7] AIZStHE 1609014 50&3F

=
3. 23 g3, A2E 1600 mLet Al¥E 1600 mLE 43l stevia 2.7 g3 sc-FOS 45.7 g, A2
NS AE 64.1 g FAE 1282 g MAE 1286 908 Wi UF H& ujzlx] AHojEr)

® Stevia A g AT

Y AZERJIAZE 200 (H71E<1A 71 550T)o A 10=3E
H 160037138 <AA 71 400C)oll A 504 #UT

B
3. 4% o, ¥7E 1600 mLs} A= E 1600 mLE 43 stevia 10.8 gt 4
g ¥4Y 504 g MAER 504 @& Ha o5& WA AHojEth

1. 7S 7Ze] Mo AFS ¥ FH, 3 mm FAZ dASA Ao A7F 200 g
ol 7

2. A9 120 g= = 2 Lol ¥ 2000 10&xr &< H, 7] A&k 1609014 5023F

-l (_:CL_I‘./K—I
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(1) =33 Az AHE 49 A= 717
B2 Ayo] AgE FAR HAZE Table 2-139 2tk

Table 2-1. The information of all ingredients used in this study

A = BAE 3 T9A
Abr) 2=
ps G | olUhE QIEY £
AFEH A =7 3F A, Jeju-do, Korea)
A olule e A7} (Korea) oJulE ClEY 4£FYE
Al 7 olutE <& An (Vietnam) olulE QUEYl &Y=
2 EA ofFkAloF HE &2 JHY
(542}, Chungcheongbuk-do, Korea) 4£YE
=7+ A5 27+ (339, Gyeongsangbuk-do, Korea) o sy A Z3
} &2 JHY
Rk T AMAER (BaFdAR Ulsan, Korea) .
aTe =
] _ =92 JdHU
SAE FY S48 (BAAE Ulsan, Korea) aE
_ FE59 2 JEHY
g FL ZAEY (@4SAL Ulsan, Korea)
&=
. = . EZH 2 AU
Stevia JHH o~ E (A Y4 E, Gyeonggi-do, Korea) ~
Ent R
short-chain
frutooligosac  #71920 (Allergy Research Group, Alameda, USA) Amazon QUEY £33 =
charide
ZA71991#  DO-3015 (292" € g, China) Ao W34
. AE 3= QAEY
kA 27 ESAERANFH (BEYZ Ao}, Austria) P
AL =
7t ESA~ENAuEFE] ELALZEA i Bt QlEl
Nen EQrERATEFTH w47k (SI Gnbh, Austria) P
AR 200
A (Reichert Ophthalmic Instruments, Reichert, Inc. Reichert, Inc.

Depew, NY, USA)
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® =43 A= 47t 2= A

B AT A ARG FHe] ke oklel Esh Brk ohd AL WA BHL Ye
gate] Bl hAL 1L B4 AT 5L FEol A, tate] A9 AN, 4%, B4,
2, HEY 59 A8F BU AYF HHo2 TG & o] Aol Ug Ao Azdn

(3%2-2).

Table 2—2. Price to produce Suwjeonggwa samples in this study

NS S-PH S-sugar S-cbn S5-scFOS S-stevia
A ) 972¢ 972 9729 972 972¢
A7) 500 500 500 500 5009
= 870 870 870 870 870¢
=7 2,204
= 1,635¢
SA" 44.79 44.79 34.9¢ 14.2¢
gAg 86.2¢ 86.2¢ 69.8% 27.49
H A e 66.4 66.49 53.8¢ 21.1¢
stevia 26.9¢ 107.4¥
sc-FOS 162.7¥
A< 570¢
Pet® 714
350 3509 350 350 3509
aL &)
Z AJALL
° flf)ﬂﬂ 6,531 2,889 3,459 3,040 2,862

D &5 AAA AT

Fgshel BHA Aol hF FRE AT Askel £ARE DEHOE ebd F 9
L 54S BARY JNE B3 Yohis] fiste] BHAAYL BASGT Favsta F
JAE B FAE BRI FRF AY F APl ATT AP 09 Bl quizAs A
AstETh Bt goke] = SRAA Aol WAL F HALA Y A4 AAE FE
£ £A% FANE UL AESRE AT A4 9D BEAse] Bad B s
2339 A F 43 AN FF 5 AHE FI o 3% S 99S B
Ao AT

OB 7% B 78 8 HEAS EW
AU B5AA e AT 28], Y o 2004 64U F 4089 AL vyt
13 olgm ol e BBt Fde] BAS Faye H9stn #saAtel 4o, Ug 2



[¢] = = .
WA= 7] ukel ek, J&uk, Algl, 25k TElal gt s RFA RS ARSSH
Mg He ote] A& A¥ste £d& A8 3 Adxo) tid Fd2 158 H=Ro=
AA AT
b A3 Fn 5480 7N
gl Bt ARE FEY 7 e VIR FEE v & 2 A AESHA ¥ge v
A =4

Q‘L
Ay dm xR ok

1(Seo and others 2002, Drake and Civille, 2002) #5AAILE0] % ZF9|3}
dgoje} Ao E st BFEHS A3 thBett-Garber and Lea 2

Aol AFAHA EAL ofY AT, AT Ao o] FrHA EAo] yeba, tiF&(ujube
Aromatics), 2£7+(Dried Persimmon Aromatics)®= 22 o|f2 it /MEd FnEA B

AEAols E 2-30) Uehyic

—
(@]
N
AN
2 o
Lo

Table 2-3. Definitions and references of attributes for Sujeonggwa

Attributes Definitions Reference with intensity
6% sucrose solution = 6 (flavor)
8% sucrose solution = 8 (flavor)

The fundamental taste of which

Sweet - ! )
e sucrose in water is typical. 10% sucrose solution =10 (flavor)
12% sucrose solution =12 (flavor)
Sour The fundamental taste of which 0.15% citric acid solution = 1.5 (flavor)
citric acid in water is  typical. 0.2% citric acid solution = 2.5 (flavor)
Bitter The fundamental taste of which 0.01% caffeine solution = 2.0 (flavor)
caffeine in water is typical. 0.02% caffeine solution = 3.5 (flavor)
- The fundamental taste of which 0.15% sodium solution = 1.5 (flavor)
sodium in water is typical. 0.2% sodium solution = 2.5 (flavor)
Astringency The fundamental taste of which 0.03% alum solution = 1.5 (flavor)
alum in water is typical. 0.05% alum solution = 2.5 (flavor)
2% stevia solution = 2 (flavor)
Artificial The fundamental taste of which o . S
Sweetener stevia in water is typical. 4% stevia solution = 4 (flavor)
6% stevia solution = 6 (flavor)
Ginger Cooked flavor of ginger ,bitter, Ginger aroma = 7.5 (flavor)
aromatics er)llgya;:grrr?glex harmonious flavor Boiled 200g ginger slices in 2000 mL water
for 1 hours on medium heat
Cinnamon Balanced and complex flavor Cinnamon = 7.5 (flavor)
aromatics associated with boiled cinnamon, Boiled 120g cinnamon stick in 2000 mL

bitterness, and spiciness water for 1 hours on medium heat
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Spicy flavor comes from ginger and Ginger = 7.5 (flavor)

Spicy :
cinnamon Cinnamon = 5.0 (flavor)

Dried_Persimmo When keep dried pesimmon steeped Dried-Persimmon = 5.0 (flavor)

- in water, persimmon aroma . . .
n aromatics ’ : ’ Soak 200g Dried-Persimmon in 70°C 500mL
sweet and astringency water for 2 hours

Dried-jujube aroma = 5.0 (flavor)
Dried-jujube The aroma associated with dried
aromatics jujube (Korean date) Boiled 100g Dried-jujube in 1000mL water
for 1 hours on medium heat

Trigeminal feeling caused by

Carbonation carbonation similar to carbonated Tropicana sparkling = 5.0 (flavor)
beverage
Concentration The difference caused by the

amount of water

5% Black sugar solution = 3.5

Degree of brown color observed. 10% Black sugar solution = 7.5
Color g\kflgugt?gnevaluated before oral 16% Black sugar solution = 10
About 30mL of samples were provided in
Plastic cups (45x45x50 mm)
keep dried persimmon steeped in water =
Degree of cloudiness because of 5.0 (flavor)
Turbidity small particles from adding Korean
date or dried persimmon Soak 200 g Dried-Persimmon in 70C 500

mL water for 2 hours

Q) FAHY BA &4
b Alm FH 9 AA

B A= F 67HA FAHAFAE A5E2 AFESIA Y. SPH, S-sugar, S-scFOS, stevia<}
S-stevia, S-cbn, 18] Al Q= AT Y BSEEHZE, Chungcheongbuk-do, Korea)
£ Positive control2 AF8-3}$137, Positive controlg& A 93t BE F=AHI+= H7EH 48417 oY)
of Azste] HIIAZFA WARAATC) st or, A7 2AZE A WA A Aol A2 B
#AH . HrAdl= sk WIRE F0]71(2.3x2.3x17.2 inches)ol] ¥ #(20.0 mL)E Hof A
Astdth Als BH7HA s A= F JEF A 500 mL AT FEE AR 2SS A

Jeju-do, Korea)e} =2 #1(Crich, Nuova Industria Biscottispa, Italy)E &7 A A3t}

_69_



Sample picture

Sujeonggwa S5-scFOS

Sample picture

Sujeonggwa S-stevia S5-Cbn Positive control

Figure 2-1. Sujeonggwa samples used for the descriptive sensory evaluation

~ 154 = strong)% A}%'E?M T8 EAEE BE AR s F=E 3
A5 ol dFFollA FE3 Al A £AE F7] 319, 2" 2o tAtl(aeger SR &
1998, Drake MA 5 2009 W& AR AAStA AE AA ol 2/FE
o #5HA a9 E°ﬂ7ﬂ ME O ARE ¢ ¥ A AFsAr gAY & AFst
o 3 AEFG B Ee AR S A FEF St oo we on Hrid
NBE oA Bty A4S 4 & ¢ A stk ol7 e M3 A A AdE
R o AAE zho] 2R e o 1041 AlAS AT ke 338 HEESte] 9
sttt

@) A &4
EA RS SAS® Software 9.3 (SAS Institute Inc., Cary, NC, USA)S Ab&3tar, EAHEA
(analysis of variance, ANOVA) A xS AF&3F% T}

(B) BAMHEA A3

NI BARRAEO1E o] &3t 671 A3 A8 FrEALS HIHe A= Figure 2-2
o} Table 2-4o YeERATH EAHENE 3 Ay, i Fr|EAo] A8
ol fFeoldol U, Fuksalty), A 7v]=(Artificial Sweetener), ©3(Dried Jujube
Aromatics)&= A& Hell freAdo] gl

k& S-sugar, S-PH, $-scFOS A& Zroll 9 A <1 ztol7} AT S-stevia®t S-cbne @5t
o] frejdo® A HIIEHAE, SsteviadlAe AARvEE 23 2ER|ofo] 25to]



s @yte] odAEE Ao A

o]
o

il o
oy 12
e 2
v oL
o

17l WjEo 2 AZE, SchnollAs ko

. AS, AEE ks P AR, Ssteviarb 74 =9kl Positive controlo] 7H Wk

. 18y Ssteviao] 2ube GscFOS, S-sugare] 22mtyt f-o1F <l ztol= QAT Hoente

-, Positive control> ©-& Al&¢} Hluste FojAo g vty 4lute] A9, Alm 1 9
[e]

2l

B o osE

A& 7 2 AsA frdd wie 8t Positive control# S-cbne]l Uw A A& 4F
Foll vla frojd oz wokth 23eFe SPHAAW TAHJT AT A Z AolE H
A =dl, Positive controle] Ajo] 713 A, zo] xjo

S-chnol A gk ofgt = AAHAT. sE= TE7F M w3, 237
oA 714 =kal, Positive control®} S-cbno] 7} Wtk Bk A
Um 2 Az Alololl A e ZEe] AFo]7b fIsdTh

Sweet
i 00—\
Turbidity __— ———__ Sour
:.' _.E.D-"'-._._. .:.
Color . ., Bitter
Concentration (L . . - Salty — CHN
|I | .I T Y o= T T I
| | | - | | | 'I |
.I | [ O A A (| . SCFOS
| | 11\ II |
| | | " — — I. |
Carbonate T | | /77 Astringency s PH
m—, SLEET
Driedjujube " artificialsweetener 3 _Stevia
. —' ) : s Positive Contral
Driedpersimmon . | L ~ GingerAroma
Spic',; CinnamonAroma

Figure 2-2. Descriptive evaluation of six Sujeonggwa samples
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Table 2-4. Mean intensity of six Sujeornggwa samples.

8.5 bc 8.8 ab 9.3 a 7.2d 7.
0.6 ¢ 0.7 ¢ 0.8 bc 12 a 0.
0.7 c 1.8 ab 1.7 ab 1.3 b 2
0.6 0.7 0.6 0.7 (
04D 1.0 a 1.1 a 1.1 a 1
2.8 2.0 2.0 2.0
11c 39 a 35 a 24 b 3
3.0d 5.2 ab 4.9 ab 39c 5.
1.4 d 4.4 ab 4.0 b 30 c 4.
04D 0.5 b 05D 04 Db 0.
0.5 0.4 0.7 0.4 (
0.3b 0.2 b 0.1b 38 a 0.
30D 43 a 3.9 ab 31D 3.
81a 4.4 Db 4.3 bc 37¢c 2
14 ¢ 2.0 bc 1.9 bc 25 Db 1.1
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3. ZU - 9 FA L Ao 2 A7 cross-culture &BIRF ZA}

b 2HlA F|EE 24}

(D £&812 Fr7id =23

ol Al AAIRE 735 ZAb FAE MR RAME . EH oA E FE =<l 1007
ag3 22 §3MA) 51We AT w2 A é_l/\]f‘;} 7135 ZA FAE AH A=
Philadelphiarl ol AF3l+= AR 939 S 2Rt £ &AWA 7|35 2AY A AA L& 74
distw A8l Ys](Pusan  National Umver31ty—1nst1tut1onal Review Board, PNU-IRB,
Approval Number PNU IRB/2014_06_HR)2] Al¢] %<l & 3= 3}

}01‘ b

(2 N8 4 2 AA
de gl de A A (F, Stevia, scFOS)E A= ??_ A% 5 SFRG AR 1 F, T 6 F

Fo NRE AGst] 2l 2A4E ANSRAL. FTAT FUAL PHOE F 2l 24
L @A HASYE, vFAL PO I Nﬂlx} b v aa}%qo} ‘eﬂ_ Ao A A
st D @A ANG £HA4 =4S A8 FETE AZG F PFRBUC) FAT

H7t g 2A12 Aol WA A Aol Ao B T AH|A A XH%%P%&E}. Az
AT NEE= 48/\17&% G71A ktth 2) vl AA ALY AH|A ZAE il oA FA
A5 AZT & A D244 Wt WsA7a, olE vxoE Ys wEstdnh &
H 2L Z2AF Aol WA exolA dEste] WA HAUC)SAT. s F WA BFAAIZEo] 484
He AHetA EEF st g AHAE UASE AT AT AR FYS 7o) FH

£5 felsHT. AMA 24 Y AR ABE Ao 207 AwE Aeel wasc
TR ANEs SR WIFY Fo](2.3x2.3x17.2 inches)ol] IAH(20.0 mL)e] FAAE &

Ut AR MEE G F23 A A £AE AR AL, 2R 2 o] HAQlJaeger
SR & 1998, Drake MA & 2005 AM&3std A8 A A5 Bttt =i A
2HA ZANA = A9 500 mLOATE A F5 8 AR =) ¢FAF,  Jeju-do, Korea)$t =27
(Crich, Nuova Industria Biscottispa, Italy)E& #|&3td ZF Als H7} Alold 4L 43 F 7
E AA ol Az o b gl &S AASAT. ml=olA AR &WA 2AA &3
APAE FEF AFsF oy dAANA FUE 4 A= AS5(Purelife, Nestle, North America
INC, Stamford, USA)®} =A(Premium Rounds Unsalted Tops Saltine Crackers, Nabisco
division, Kraft foods, USA)S A}-8-3+53th.

3 712x HIl gE&E

AA 712 %=(Overall liking), ¢J# 7] & =(Appearance liking), v 7] & =(Flavor liking), T4t
715 %(Sweet liking), 4]%& &5 7]E%=(Dessert liking)= 93 HZ=WH(A=433] &ojstt}, 5==o}
SHAE #ostAE e, 9= 43 Folddths AMEStY Hristda, U, 20l & 2&
ok, AlEE Zwe] HAA Ao tidk BHrl= 5% Just-about-rightJAR) 2 =(174= ﬂ% ~3} ] %t}
3¥=2g3lt}, 53=115 ~3lthE (Yeh and others 1998) Al-&3le] 37} st
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S
of
hr)
fe
Y

EA B2 2 SAS® Software 9.3 (SAS Institute Inc., Cary, NC, USA)& At&3te] 7| &% 37}
52 F4HEA(analysis of variance, ANOVA)S st%al, =3 w]= AH]AF Ho]EE o] 83}
ARl ek wet £20F0FE Ur e A dolr A F3EH(cluster analysis)S A Ak
Attt XLSTAT (Addinsoft, New York, NY, USA)S o]&3&}od, ©uko] Just about right &9 &
2 wute] U&F etttk ¢, AHgsith ¢, wgte] YR vn ¢ A OFo 2 UFla 7 1
Foll &3t 2vA AWAR] 7|a 9] HHFS H|w sl Penalty analysisE A A s T

(G) 28R 7EE 2A A3}

b = 2Ny AR VB =

Figure 2-3@)& &= &vBIAF 1008 43 657l gk AnkdQl 7|&x Br7p Aot
71548 $ATRA  SscFOS9F Ssugar/t M E=o MIEE HYonw, A FATU
S-steviax Positive controlell ®la] fojdow & £ YelhAct. SPHS S cbnd
Positive controle} Z®FAQl 7|&% H7lo| F2]& <l xbol7F gl Figure 2-3(b)oll= +HE
A AdE UetdY. S ARAeE 24 4G 2 UrojH =, Cluster 19 &3l 4
ZF 242 ANt o2 FAHI|E FolstkA Fka, FHIA 7158 FHIH SscFOSel vt oF
Zolsle 7IEEE R Cluster 2 (n=12)¢] &B]A= SscFOS$} S-sugare= ofF Fo}s)
I, YA AlgE 97t Aotk Cluster 39 £3l= &HAE 37802 SscFOSe| 71&
7} Ags ZFolgttE sMA Egkth Cluster 4(n=24)= S-sugar®t S-PHE Zo}slyd 1,
S-scFOS, S-stevia, S-chnolle Zo}lslA| & alojslA % ety 293te oW, Positive control
< #oletth SscFOS&= Ssugarét o] F oA 7ax 73 ol ot 7leA +4 3%
ojHA 7ZAHE ZtE AS o F UTh
Table 2-5°= ARWHZQl 7|2 %, ool e 7|5 %, FFrlo] gk 7|&%x, ot of
T A3RE YeEhALL, Table 2-6+ 4B|x}e] QAAARNE A e|dt Adolth

Figure 2-40]+ Just About Right Scaleg AMESto] »74Tte] ©OF S/Jof thsto] AB|A7}
AlRtst= IS UERHAS. S-sugar Al&9] 742 AH|ARe] 60% Zhgo] ©Sto] Agsirtal
ot Oon, 33% s ©oro] YT Hstthal siloy 7|s e Az A2 HolQlth o
Sro] Y& oFstttal et Av|Ate] vl&2 e 2FdTt S-scFOS Alaw oF 50%2] AH|A7}
©oro] Agsittal stlon Aggsittal SEeh AR Y|a e FHdh vjwstls o HE Z
ol SER AR Ve ee ot 0.8%80] FAstRar oF 40%2] AB|APE YR ZHal g}
ATH. °F 10%2] Av|Ab= ©5ro] ofstthal tigstAA|eE 7| s e Agstetal st Ad
5 Be Sttt o] A8 AH[RIe] APt Aol FAARI
SHA] YAITE sc-FOSQ] A7P7t Au|Ate] ©oto] tigh 2ol g A
o] &2 F7I A7t Hast Fofo|t}. S-stevia Alm+ 47%2] AH|APZ} ©@SFo] Atdsiot
SFR oL 35%= ©Oro] Wiy shly Z]2wrt 0.8 ettt

i oxe A

rot

7%

¥ 2y

O

ol
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R N W b OO N 0O O

tih

Positive S scFOS S Sugar S Cbn S _Stevia
Control

(a) Overall acceptability of Sujeonggwa samples and its significant differences by Korean
consumers

M Korean consumers
MW Cluster 1 (n=24)
 Cluster 2 (n=12)
M Cluster 3 (n=37)
m Cluster 4 (n=24)

Positivecontrol ~ S-scFOS S-sugar S-cbn S-stevia S-PH

(b) Overall acceptability of Sujeonggwa samples by Korean consumers (n=100) and its four
clusters

Figure 2-3. Acceptability of Sujeonggwa samples by Korean consumers (n=100)
“Data with different letters are significantly different at p<0.05
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Table 2-5. Korean consumers’ ratings on overall acceptability, appearance, flavor, sweetness,
and the beverage as a dessert.

Korean Overall Appearance Flavor Sweetness Dessert

Consumer Liking Liking Liking Liking Liking
Positive control 44 c 57Db 44 ¢ 51 c 4.3 ¢
S5-scFOS 6.4 a 6.2 a 6.4 a 6.4 a 6.5 a
S-sugar 6.4 a 6.2 a 6.4 a 6.4 a 6.5 a
S-cbn 4.7 ¢ 4.7 ¢ 49 ¢ 5.2 bc 4.7 ¢
S-stevia 53D 56 b 56 b 56 b 53D
S-PH 4.4 ¢ 52 d 4.4 c 50 ¢ 4.2 C
LSD 0.52 0.42 0.52 0.49 0.55

() @2l znlzpe] Aukalg
Table 2-60l4 R @<l Aulzte] A9 AHe WAl 303% A7) 666% = <4

ulgo] BTk FAd avlAel Al 184 o4 254 olslyl 4990 s Hgrew 20
B & B9 FelAst Byth £43 SRS 4H e @ "ol B AW Fu §
Ho Abgrel 319o® 7% 0 vehgton), Aol Feld anlxel 50%4Es} @ Dol @
W, EE 3ge] W £RARE 2UATIL @Sl £ HH WE B4 e A @
S ootk #43 R 4F Fee PN AATT G 39T APl BHHOE U
Btk @ LA WS FUR FEFE FUSASUAY S AR 4280 FH
How SHSHAT. Ee, ule 2RAY 2Rel7t we SAsel talAE ool &
7L g elgo] drta BHATh SEel avAs SRE AUT W ot HAS g

[
TaA = A2 YERT

Table 2-6. General characteristics of the Korean consumers

Korean
Items
(n=100)
Gender (Male/Female) 30/66
18-25 years old 49
26-35 years old 27
36-45 years old 6
Age (years)
46-55 years old 4
56-65 years old 7
Older than 66 years old 5
Once a day 2
2-3 times a week 6
Frequency of Sujeonggwa Once a week 22
beverage consumption Once a month 31
Once in 3 month 25
Once in 6 month 7
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Once a year 3
Never tried 0
non-response 4
Once a day 11
2-3 times a week 7
Once a week 14
Frequency of ginger beverage Once_ a month 25
i Once in 3 month 21
consumption Once in 6 month 10
Once a year 7
Never tried 0
non-response
Canned 19
Coffee shop or tea house 14
Food court 11
Type of Sujeonggwa consumed Bottled 6
Restaurant 83
Other
non-response
Large grocery store 18
Small grocery store
Convenience store
Vending machine
Location I make my own beverages 25
of Sujeonggwa purchased ,
[ order it at the coffee shop or tea house 19
[ order it from restaurant 65
I do not purchase beverages 21
non-response
Definitely would purchase
Probably would purchase 15
Purchase intent of carbonated Might purchase 22
Sujeonggwa Probably would not purchase 27
Definitely would not purchase 13
non-response
Definitely would purchase
Probably would purchase 35
Purchase intent Might purchase 39
of reduced calorie Sujeonggwa Probably would not purchase 14
Definitely would not purchase 2
non-response 3
Purchase intent Definitely would purchase 7
of reduced sweetness Probably would purchase 25
Sujeonggwa Might purchase 35
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Probably would not purchase 24

Definitely would not purchase 4

non-response 3

Price 62

Functionality (Good for health) 53

Weather 27

Taste 77

Time of the day 13

Food Additives 31

Consideration Calorie 33
of choosing beverage Nutritional Label 25
Shelf Life 36

Carbonation 25

Packaging 24

Other 9

non-response 3
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S-Sugar

Target average 6.21
Too high Population size % 33.33%
Population size 33
Target average 5.56
Sweetness Too low Population size % 9.09%
Population size 9
Target average 6.54
Just right Population size % 57.58%
Population size 57
S5-scFOS
Target average 5.88
Too high Population size % 41.41%
Population size 41
Target average 7.10
Sweetness Too low Population size % 10.10%
Population size 10
Target average 6.63
Just right Population size % 48.48%
Population size 48
S-stevia
Target average 5.39
Too high Population size % 18.37%
Population size 18
Target average 4.79
Sweetness Too low Population size % 34.69%
Population size 34
Target average 5.99
Just right Population size % 46.94%
Population size 46

Figure 2-4. Just-about-right evaluation of Korean consumers’ perceived intensity of sweetness

in Sujeonggwa

(Ch vl2 2vlze] $43 5%

Figure 2-5@e°l "= Z4H|A} 939 o] =83 65w/l ek ¥kl 7|3 BJr7r A34E
B Aok, Positive control, S-scFOS, S-sucrose®] 7|E %7} &9kal, Al A& ZHo] /21 &Qd
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Positive S-scFOS S-sugar
control

(a) Overall acceptability of Sujeonggwa samples and its significant differences

W US Consumers
M Cluster 1 (n=61)
1 Cluster 2 (n=27)

1 -
Positive control  S-scFOS S-sugar S-cbn S-stevia S-PH

(b) Overall acceptability of Sujeonggwa samples by US consumers (n=93) and its two clusters

Figure 2-5. Acceptability of Sujeonggwa samples by US consumers (n=93)
“Data with different letters are significantly different at p<0.05
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Table 2-7. US consumers’ ratings on overall acceptability, appearance, flavor, sweetness, and
the beverage as a dessert.

Overall Appearance Flavor Sweetness Dessert

Liking Liking Liking Liking Liking
LOSIVE 63 a 69 a 6.4 a 6.2 a 5.7 a
S5-scFOS 6.1 a 6.5 b 6.2 a 5.9 ab 5.4 ab
S-sugar 6.0 a 6.3 b 5.9 ab 5.9 ab 51D
S-cbn 5.3 Db 6.1 b 5.4 bc 5.6 bc 43 ¢
S-stevia 5.2 b 6.2 b 5.1 cd 5.3 cd 42 ¢
S-PH 4.6 C 51 ¢ 4.6 d 5.0 d 4.0 ¢
LSD 0.54 0.38 0.53 0.53 0.54

(8h) m|=¢l Au|xe] UHkALEH

alEQl Autel A AEe dEATF 41.9% AATF 56.9%F Ao wlgo] o =gtk
(Table 2-8). Had3t au|zte] Aed= 184 o4 254 o8t} 63W o8 74 =gton 3=t
o WA R 200 & 2uke] AuH|AU) Wo] FSATh AT mo A Sz A3 nee
ZAL B e wW A 2 95 Abgto] Zbzb 1993 23W o= 71

2
r
P
X
A
o
o
A
K
olo

=7 yehren Ave AR 550 A g B S22 AIATH & ST A
89 o2 YERATE fh=r AHIARe A= ohEA Twibe AT sAAE TAsls
74 e Aol 28Wo] FAE Zolgta wekdlal, HEel ofA™ FPT Aol 2ta
SESAT. v=Ql &nAe g ae] Fujoldge] e AR dEigth vw &2nAE
g kel o] cdntd dFge E9 FAAE TASUNY & AR SHHLE
THE AbEEo] HutFoldo® Yeyth gl AR|Ae} Zo] m=el AHAE SFE5E A
B ) giat 7S TP Fashe 2o ® ekt
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Table 2-8. General characteristics of the US consumers.

US consumer

(n=93)
Gender (Male/Female) 39/53
18-25 years old 63
26-35 years old 15
- s e o :
56-65 years old 4
Older than 66 years old 0
Once a day 17
2-3 times a week 12
Once a week 9
) Once a month 17
Frequency of cinnamon beverage ,
X Once in 3 month 19
consumption Once in 6 month 14
Once a year 5
Never tried 0
non-response 1
Once a day 9
2-3 times a week 11
Once a week 5
. Once a month 22
Frequency of ginger ,
: Once in 3 month 23
beverage consumption Once in 6 month 1
Once a year 9
Never tried 0
non-response
Canned 62
Coffee shop or tea house 78
) Food court 60
Beverage forms consumed in last
Bottled 89
6 months
Restaurant 85
Other 6
non-response 1
Large grocery store 75
Small grocery store 41
Convenience store 52
Vending machine 22
Purchase of beverage I make my own beverages 40
[ order it at the coffee shop or tea house 54
[ order it from restaurant 55
I do not purchase beverages
non-response
Purchase intent of carbonated Definitely would purchase 8
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Probably would purchase 20
Might purchase 35
Sujeonggwa Probably would not purchase 20
Definitely would not purchase 9
non-response 1
Definitely would purchase 5
Probably would purchase 18
Purchase intent Might purchase 29
of reduced calorie Sujeongewa Probably would not purchase 25
Definitely would not purchase 15
non-response 1
Definitely would purchase 5
Purchase intent Probab.ly would purchase 25
Might purchase 28
of reduced sweetness
) Probably would not purchase 22
Sweonggwa Definitely would not purchase 12
non-response 1
Price 90
Functionality (Good for health) 66
Weather 45
Taste 93
Time of the day 39
. . Food Additives 36
Consideration .
. Calorie 40
for choosing beverage .
Nutritional Label 38
Shelf Life 15
Carbonation 45
Packaging 25
Other 11
non-response 1
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S-sugar

Target average 5.38
Too high Population size % 22.83%
Population size 21
Target average 4.81
Sweetness Too low Population size % 17.39%
Population size 16
Target average 6.62
Just right Population size % 59.78%
Population size 55
S5-scFOS
Target average 5.64
Too high Population size % 29.17%
Population size 28
Target average 5.16
Sweetness Too low Population size % 19.79%
Population size 19
Target average 6.71
Just right Population size % 51.04%
Population size 49
S-stevia
Target average 4.67
Too high Population size % 22.58%
Population size 21
Target average 5.00
Sweetness Too low Population size % 35.48%
Population size 33
Target average 5.69
Just right Population size % 41.94%
Population size 39

Figure 2-6. Just-about-right evaluation

Sujeonggwa

("h) SFA 2vAY FAHT VE=
Figure 2-7 ol S%A A¥|AF 519 9]
el ). Positive control® S-sugar<]

of US consumers’ perceived intensity of sweetness in
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Table 2-90l= el¥ol] g 718 %, &Frlo] g 7&%, d5to] d3 7|ax ZAFAE e
AL, Table 2-90ll= Z&H|AHe] QA AFS A2l sk3dth

Figure 2-8l+= Just About Right ScaleS A}-g3ste] g3} whub EAo disty A
H A7 A oketE AAAHEE YERAT. Ssugare] A9 AMIAY] 61% 7b ©ato]l AgEich
Fatdlon, 28% A& w@uto] YR Zalta sRoy 7|5 xo] AR AE Ho|Qlth
gro] Y& ofstthal gk AnjAke] HIEL 10% AEE Stk 5scFOS& oF 50%9] AWA7t
dolo] Aty st om AGSittal gk &HAke V|ax P vluste] UE 9ua §
HE v VlsEE Bt 095 0] AT oF 36%S 4RAE UE 2l 'ekith
ok
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K

2 PAE o)t Bahd wge] BhE anAFel JEEs} EA
A BEY F Yon o R G4 Frh 477 BaF Ropolth Sstevia ABE
46%2] &7k we] Gtk Bt ot 38%e] 2 Bkl Erhn HEkAL, /1%

TE= AZ stgrh 4uAe] 16%= wuto] Btly g 7] S5 Bule] Aoeltin o
g 2uzte] &=} umwate] 14 wyith
9
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7
6
5 -
4 -
3 -
2 -
1- T T 1
Positive  S-scFOS  S-Sugar S-Cbn S-Stevia S-PH
Control

Figure 2-7. Acceptability of Sujeonggwa samples by Asian consumers (n=51)
*dData with different letters are significantly different at p<0.05
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Table 2-9. Asian consumers’ ratings on overall acceptability, appearance,
and the beverage as a dessert.

flavor, sweetness,

Overall Appearance o Sweetness Dessert
o o Flavor Liking o o

Liking Liking Liking Liking
Positive

5.68 a 5.96 a 5.39 a 596 a 5.12 a
control
S5-scFOS 5.02 bc 543 Db 5.31 ab 5.20 bc 4.41 bc
S-sugar 5.53 ab 5.51 ab 5.47 a 5.49 ab 4.92 ab
S-cbn 4.84 ¢ 473 ¢ 478 b 5.22 bc 4.45 ab
S-stevia 4.68 cd 5.33 b 5.20 ab 5.06 bc 4.41 bc
S-PH 4.18 d 5.10 bc 4.88 ab 4.67 ¢ 3.75 ¢
LSD 0.65 0.51 0.59 0.66 0.68
(H}) YA PR AREALER)

FA Aauzre] AS B EAVE 29.4% AATE 70.6% = o449 vlEo] =ktHTable

2 10). ZroAgh Anake] ARE 184 ol 254 olshrt 2MoE b Est FAHY &
o 44 # ‘AE 43 A etk stx $we Aol 199 sb BA dehgkon
Ak Y7 79 Fele M HES ol gk T SR Abol 208 o|iTh T
ol Mo Ash gol gk U FARE TYHAGUAY B AR 3
A o2 SRl B 2uAE T mE 4P & 2 FHHE YA
U7k & ARl TAY Holth’ ehn $He AgEol 247t 419, 3902 et &
| vl S8 AU 0 754, B BAEE P FaAse AoR ek
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Table 2-10. General characteristics of the Asian consumers

Asian
Items
(n=51)
Gender (Male/Female) 15/36 (%)
18-25 years old 32
26-35 years old 14
s ears o e o ;
56-65 years old 0
Older than 66 years old 0
Once a day 19
2-3 times a week
Once a week
Frequency of Sujeonggwa Once. a month
) Once in 3 month 11
beverage consumption Once in 6 month 4
Once a year 2
Never tried 0
non-response 5
Once a day 21
2-3 times a week 2
Once a week 48
. Once a month 10
Frequency of ginger tea ,
i Once in 3 month 1
beverage consumption Once in 6 month 0
Once a year 0
Never tried 0
non-response 5
Canned 3
Coffee shop or tea house 5
Consumption Food court 16
) Bottled 11
of Sujeonggwa forms Restaurant 90
Other 8
non-response
Large grocery store 15
Small grocery store 2
Convenience store 20
Vending machine
’ I make my own beverages
Purchase of Sujeonggwa I order it at the coffee shop or tea house 6
[ order it from restaurant 11
I do not purchase beverages 10
non-response )
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Definitely would purchase

Probably would purchase 10

Purchase intent of carbonated Might purchase 19
sujeonggwa Probably would not purchase 9
Definitely would not purchase 4

non-response )

Definitely would purchase 6

Probably would purchase 20

Purchase intent Might purchase 15
of reduced calorie Sujeonggwa Probably would not purchase 5
Definitely would not purchase 0

non-response )

Definitely would purchase 4

Probably would purchase 18

Purchase intent Might purchase 17
of reduced sweetness Sujeonggwa Probably would not purchase 7
Definitely would not purchase 0

non-response )

Price 19

Functionality (Good for health) 28

Weather 10

Taste 42

Time of the day 2

Consideration Food Ad@itives 14
, Calorie 20

for choosing beverage Nutritional Label 27
Shelf Life 9

Carbonation 4

Packaging 12

Other 0

non-response o
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S5-Sugar

Target average 5.57
Too high Population size % 28.57%
Population size 14
Target average 4.20
Sweetness Too low Population size % 10.20%
Population size 5
Target average 5.73
Just right Population size % 61.22%
Population size 30
S5-scFOS
Target average 4.67
Too high Population size % 36.00%
Population size 18
Target average 4.00
Sweetness Too low Population size % 14.00%
Population size 7
Target average 0.56
Just right Population size % 50.00%
Population size 25
S-stevia
Target average 4.95
Too high Population size % 38.00%
Population size 19
Target average 3.75
Sweetness Too low Population size % 16.00%
Population size 8
Target average 4.78
Just right Population size % 46.00%
Population size 23

Figure 2-8. Just-about-right evaluation of Asian consumers’ perceived intensity of sweetness
in Sujeonggwa
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(3) A#EE= A 7F=2HGinger tea) 2 A3 x}HCinnamon tea)
Storol A FulEn e B2 AARH(SF) EH, Gyeonggi-do, Korea)e} wl=rol A Fujgl E
& A3 zH(Cinnamon Stick, R.C.BIGELOW, INC, FAIRFIELD, CT, USA)S thxT o2 A3}

4 &
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o g9y SRR} Az ALEH AR
B o) A8"H FAES B2 HARE Table 2-119 2t

Table 2-11. The information of all ingredients used in Sujeonggwa in a tea bag

A= JHE 9 TAYA
P2 ol e
s S olrtE QUEY £7E
(A FEE AR =7 &F A}, Jeju-do, Korea)
A=A7 AbE A2 AERE, B EE, Korea) &2 JHY &3 E
Al 8 74 AT #(E=E ¢, Gyeonggi-do, Korea) omtE JIEYl £B =
Rkt T AL REF S Ulsan, Korea) 28 UdEY £gE
S o9 SA-E}FAR Ulsan, Korea) &892 Y £¥E
Stevia JAv]ot 2~ E(H YA F, Gyeonggi-do, Korea) TEZ92 AU £ E
short-chain
frutooligosac #71920 (Allergy Research Group, Alameda, USA) Amazon QIEYl £ &
charide
B ChA I (E9E BA d F EZ=H 2, Gyeonggi-do, Korea) S JIHY 23 E
Zetg
. 70*30mm oH8%= HEAFEH, Gyeonggi-do, Korea)  AHE-9 QEUl &P E
A
*190%* ZolA
=07 120%120%255 340ml Fo]x 2o oEY 4R
(B3 2 ZHME2 2, Korea)
Planet + 100% Compostable PLA Laminated
Z o] Amazon IE|Yl &3 =
Hot Cup, 4-Ounce (Stalkmarket, USA)
Tea filter Finum 100 Tea Filters (Finum, USA) Amazon IEYl &£FE
A7IEE A7 B Z E(FFEA 2, China) FZg s QEY 4PE
718 AA] D0O-3015(2=¢] 22 gl ¥l €], China) S s
AR 200
FEA (Reichert Ophthalmic Instruments, Reichert, Inc. Reichert, Inc.

Depew, NY, USA)
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Table 2—12. Price to produce Sujeonggwa teabag samples in this study

A ST-sugar-L ST-sugar-H ST-stevia ST-scFOS
A 7HEF 189.6¢ 189.6¢ 189.6¢ 189.6¢
Az A7 1,034¢ 1,034¢ 1,034¢ 1,034¢
S 1324 19449 64.8¢ 98.4¢
LR, 1924 288¢ 9%6< 1444

stevia 136.8¢
sc-FOS 6,874
B9 1,056 1,056 1,056 1,056
= A 2,604 2,762 2,578¢ 9,396
(24€] 1 /17%21)

5. 193 4% #5H 5S4 EF S0 2 HE A

doEMY £ #H 54 EF §o 4 A= AR
L FHAY 27

Bud Syt od BARNE FA% RARMC] FoSd BAAY 598 s

o Jg st

oo s BAEA fo]E Hudle] N9 TtHSeo and others 2002). ©lA]dl
B AYoA 2F3E EUYPTAHAE AASte EHHEY A9 | ELE AYHATH
HS 53l /dtE HAMEA 8ol= Table 2-13¢] YeEF AT
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Table 2-13. Definitions and references of attributes for Sujeonggwa in a tea bag

Attributes Definitions Reference with intensity
1% sucrose solution = 1.0 (flavor)
Sueet The fundamental taste of which 2% sucrose solution = 2.0 (flavor)
sucrose in water is typical. 4% sucrose solution = 4.0 (flavor)
6% sucrose solution = 6.0 (flavor)
Sour The fundamental taste of which 0.15% citric acid solution= 1.5 (flavor)
citric acid in water is  typical. 0.2% citric acid solution = 2.5 (flavor)
Bitter The fundamental taste of which 0.01% caffeine solution = 2.0 (flavor)
caffeine in water is typical. 0.02% caffeine solution = 3.5 (flavor)
Saity The fundamental taste of which 0.15% sodium solution = 1.5 (flavor)
sodium in water Is typical. 0.2% sodium solution = 2.5 (flavor)
. The fundamental taste of which 0.03% alum solution = 1.5 (flavor)
Astringency alum in water is typical :
ypical 0.05% alum solution = 2.5 (flavor)
2% stevia solution = 2 (flavor)
Artificial The fundamental taste of which : S
Sweetener stevia in water is typical. 4% stevia solution = 4 (flavor)
6% stevia solution = 6 (flavor)
Ginger Cooked flavor of ginger ,bitter, Ginger aroma = 7.5 (flavor)
aromatics zpr)llgyalrcgrrrlnglex harmonious flavor Boiled 200g ginger slices in 2000 mL
water for 1 hours on medium heat
Cinnamon Balanced and complex flavor Cinnamon = 7.5 (flavor)
aromatics %iststoecrlr?égg \grlltg ;)?élierlcéscs1nnamon, Boiled 120g cinnamon stick in 2000 mL
’ P water for 1 hours on medium heat
Spicy Spicy flavor comes from ginger and Ginger = 7.5 (flavor)
cinnamon Cinnamon = 5.0 (flavor)
S Dried-jujube aroma = 5.0 (flavor)
Dried-jujube The aroma associated with dried
aromatics jujube (Korean date) Boiled 100g Dried-jujube in 1000mL water
for 1 hours on medium heat
5% Black sugar solution = 3.5
Degree of brown color observed. 10% Black sugar solution = 7.5
Color g\flléslugteilgnevaluated before oral 16% Black sugar solution = 10
About 30mL of samples were provided in
Plastic cups (45x45x50 mm)
b ¢ cloudi b " kee;z dried) persimmon steeped in water =
egree of cloudiness because 0 5.0 (flavor
Turbidity small particles from adding Korean

date or dried persimmon

Soak 200 g Dried-Persimmon in 70C 500
mL water for 2 hours
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Figure 2-9. Preparation of Sujeonggwa in a tea bag samples
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—CT Stevia
e 5T Sugar_H
m—ST_ Sugar_ L
Spicy ,: ; / / Astringency 5T 5CFOS
. f-

Cinnamon Aromatics T " Artificial sweetener

Ginger Aromatics

Figure 2-10. Descriptive evaluation of six Sujeonggwa in a tea bag samples
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Table 2-14. Mean table of descriptive evaluation of Sujeonggwa in a tea bag

0.3 ¢ 4.0 a 22D 39 a 24Db 2.5

0.5 0.5 0.2 0.2 0.2 0.
1.8 a 1.2 b 0.6 ¢ 0.5 ¢ 0.7 bc 0.6
1.5 a 13 a 0.7 b 0.8 b 0.8 b 0.8
0.0 b 25 a 1.8 a 22 a 14 a 1.7
0.0 c 70 a 16 Db 15D 21D 2.1
0.2c 0.2c 3.5 ab 3.7 ab 4.0 a 3.3
04 c 6.8 a 22D 24D 27D 2.3
3.3 bc 19d 30 c 45 a 36D 3.5
0.5 b 26 a 21a 23 a 23 a 2.3

- 100 -



6. 1y s3] T &HA JEE AL

4 B P D o R

NEE Ao 2l mye Ragstm FACAE B WA WAl dx, 4E
G277t Qi AgEE ARel ARgel gl Aol ATH ALY 6192 Aushel AP
Folst= = gt

U AlE 8 B AN

Ae 2 Me A A (stevia, SCFOE A %3 )My A7 4257, ADHE g9 Azt 1
ZF, 183 7HRE 9 AR 1T F 65 ARE AFESH =l ARA 2AMS DA
ot BAREA I mEA R A AFER RE B A= Al § P8t Ao B
watom, 4817 ool ARESEATE A EE BAREA A AMESH WH O R FH|SFATH 7
S gy $AHAE SR wFEY Fo)3(2.3 x 2.3 x 17.2 inches)oll YA #(50.0 mL)S
Fol AAER AL, G FEI Al A AE A, 2R _—1’4101 tz}Ql(Jaeger
SR 5 1998, Drake MA & 2005 Al&3te] Alge] =AE Ast AASAT. A8AF HAL
HIEdA 72+ AE B7E & duitt & dAF F UAES g 500 mLGETHE, AlFEEAA
SEFAE, Jeju-do, Korea)e} =2 #(Crich, Nuova Industria Biscottispa, Italy)E A& 33t

ST_Sugar_L ST_Sugar_H ST_scFOS

Sample picture

Sujeonggwa
in a Tea bag

Sample picture

Sujeonggwa

, ST_Stevia Ginger Tea Cinnamon Tea
in a Tea bag

Figure 2-11. Sujeonggwa in a tea bag samples used for the descriptive sensory evaluation and
consumer acceptability test.
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o. 7|13 Bt &5

AA 715 %=(Overall liking), ¢ 7] & =(Appearance liking), 3w 7]&%=(Flavor liking), &5t
71 Z=(Sweet liking), 2% S8 249 7]Z=(Dessert liking)= 94 A E=WH1=343] &3t}
S5=FoletA & HofstAE o), 9=4A3] Folgths AMEste] HIbstar, w@ul, &8t
z2e u, AV Fxo HHEA Ud Hrie 53 Just-about-rightJAR) 2 =(1H=4F ~3}A
&t} 3@=Agslt}, 58=4F ~3thE (Yeh and others 1998) A-&3to] H71stA o)

2t A &4

EARA S SAS® Software 9.3 (SAS Institute Inc., Cary, NC, USA)S Apg3le] HEAHREA
(analysis of variance, ANOVA)S 2l A 3}4t}.

o}, AH|R 7|3 XA Ay

Figure 2-12¢ 3= A¥|x 619 o] HHMY A A 657 g A3l 7= H7ME o
EF AT Aol 12 g Eoi3F ST Sugar H7} 713 A3 %7l Egkon, gy °
ST_Stevia®} ST scFOS T3 A|#%+= Ginger_Tea®} Cinnamon_TeaRtT} folH o2 &
S5 YeATH

Table 2-159+ €] g 2l
@otel] ek 71EEe) 24 AAES YR, Table 2-1600= Anlate] AX AR}
sttt Ao FAg &uAe] 50% A=V & 2 3 3
g tgste], AR HH WET A ¥ AL & F Ak 2RV e FAH A o

I3

g pulol gl Bkl de £RATE PUIE olge] glrkm thgshac
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b b b
5
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3

2

1 T T T T

CinnamonTea  Ginger Tea ST_Stevia ST_Sugar_H ST_Sugar_L ST_scFOS

Figure 2-12. Acceptability of Sujeonggwa in a tea bag samples by Korean consumers (n=61)
*dData with different letters are significantly different at p<0.05

Table 2-15. Korean consumers’ ratings on overall acceptability, appearance, flavor, sweetness,
and the beverage as a dessert.

=Data with different letters are significantly different at p<0.05
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Table 2-16. General characteristics of Korean consumer who evaluated Sujeonggwa in a tea bag

Korean
Items
(n=61)
Gender (Male/Female) 17/43
18-25 years old 34
26-35 years old 10
36-45 years old 3
Age (years)
46-55 years old 6
56-65 years old 6
Older than 66 years old 1
Once a day 0
2-3 times a week 2
Once a week 9
Frequency of Sujeonggwa Once' a month 13
) Once in 3 month 10
beverage consumption Once in 6 month 9
Once a year 8
Never tried 8
no response 1
Once a day 0
2-3 times a week 1
Once a week 9
Frequency of ginger beverage Oncg a month 8
; Once in 3 month 12
consumption Once in 6 month 11
Once a year 6
Never tried 12
no response 1
Canned 23
Coffee shop or tea house 17
) Food court 14
Type(s) of Sujeonggwa consumed
(Choose all that apply) Bottled ’
Restaurant 53
Other 8
no response
Large grocery store 13
Small grocery store 3
Convenience store
Location Vending machine
of Sujeonggwa purchased I make my own beverages 18
[ order it at the coffee shop or tea house 6
[ order it from restaurant 41
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I do not purchase beverages 12
no response

Definitely would purchase

Probably would purchase
Purchase intent of carbonated Might purchase 26
Sujeonggwa Probably would not purchase 17
Definitely would not purchase 8
no response 1
Definitely would purchase 3
Probably would purchase 22
Purchase intent Might purchase 26
of reduced calorie Sujeonggwa Probably would not purchase 5
Definitely would not purchase 4

no response

Definitely would purchase 2
Probably would purchase 13
Purchase intent Might purchase 19
of reduced calorie Sujeonggwa Probably would not purchase 19
Definitely would not purchase 7
no response 1
Price 45
Functionality (Good for health) 26
Weather 11
Taste 52
Time of the day 0
Consideration Food Additives 23
of choosing beverage Calorie 18
(Choose all that apply) Nutritional Label 12
Shelf Life 23
Carbonation 10
Packaging 12
Other 0
no response 1
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7. Be FUAY FAHFAY LHIR J)EE 2

Cross-culture AH|Z} 7135 ZAtol A B2k A 3to] 7| a2 57} o ARt Yol 1 o] 85 3
A7) #ste] F7F A S AAEAT. B A9 sl gibe FUs e 45 7IEET
NAEE AE Dotry] 95t AA3IA T

7t &HA Bt 23

= FYste FAHRY] GAFE N s
A A3, 7€ Ssugardl ©4FS FU%E S-cbn-sugar, Positive Controldl] g4HS 13
cbn-Positive control, S-sugargE S8 o 2wk A %3 SBsugare] B4HS 93 S-cbn-Bsugar
T 67HAE VA A AR E ARSI T
/\]E“ Ad AA7IA 4C Axo YHILIAEZE~ dutyday, ETES107TA-RKR, th$<¥
dEZY 2 Korea) B3R AL, B7F Al &Ato] 73] doldls F AESF g4k &nzr 7]
= 5’:/\} 2ol FAsk 2A3F o]l AEEHES AL FEIF FY ARE AAEIAT
80 mLY AIEE WEY  Folx  (37cm*30cm*37cm, T YAAZFo|H, FZuMA,
Chungcheongbuk-do, Korea)oll &} 3x8] A2 #7]3}e] A AlSFA T
a2t gidoe] S AF £ JAEF S 500 mL (Fohp, AFEEAANZANEFA, AFE
¢} = A(Crich, Nuova Industria Biscottispa, Italy)E &4l Al &3} Th.

|t
N BN
e
3

o 715 A 5

A 71 E=(Overall liking), ¢13 7] Z=(Appearance liking), v 7] Z=(Flavor liking), T3t
715 =(Sweet liking), 2% S5E2A19 7|S=Dessert liking= 93 HE=HA=343| o3t
=FoltAI = QoA = fd=n, 9=3A3 Foldthe AbEste] Hrbsiela, ©@ul, &u, =
2= v A9 Zwol A thd Hrl= 5% Just-about-rightJAR) H=(1H=F ~3}A
2t 3d="g3slt}, 58=4F ~3th=(Yeh and others 1998) Ab-&3le] H7} a9t 27FA Al
2o tig BrF B F, AR} @A A5 ds=d td 2ES st

Drl

2. T4 24
FAIe} B A vw SA RS SAS® Software 9.3 (SAS Institute Inc., Cary, NC,
USA)& AH&3t t-testE A ASHATH
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S-cbn-Bsugar S-Bsugar

S-cbn-sugar S-sugar

A

cbn-Positive Control Positive Control

Figure 2-13. Pictures of samples tested to compare Sujeonggwa and carbonated ones.
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o 2¥# 5% 24 A

= ZA A¥= Table 2-170] YeR A 44 3K S-sugar, S-Bsugar, Positive
Ao gbs Y A AE HustA s o, FAAE Hsste TS
A7}t
<=

ZH|7e] 7S
ControD¢} 2+ 4
HAou ttest 23 EE HE FFolA YA AT &HAEY oA &4
Ao AZFel vks AN 7= B oA Fua stdoy, A7 sA8H B4

A Fets o] Bt

o 4>

23 rf
2

Table 2-17. Consumers’ ratings on overall acceptability, appearance, flavor, sweetness, and
the beverage as a dessert of Sujeonggwa.

Overall Appearance Flavor Sweetness Dessert

Liking Liking Liking Liking Liking
S-sugar 6.3 6.2 5.7 6.3 6.3
S-cbn-sugar 4.6 4.0 4.8 5.1 4.7
S-Bsugar 5.3 5.6 5.9 6.4 5.6
S-cbn-Bsugar 5.1 5.3 5.6 5.6 54
Positive Control 5.8 6.2 5.8 5.6 2.9
cbn-Positive Control 5.4 5.0 5.8 5.3 2.6

8. FIAA B4
7V 339 | EA FAPYERD, F4ksEAd e AAAA

EA 42 SAS® Software 9.3 (SAS Institute Inc., Cary, NC, USA)S A}&3t3 3L, A AA &=
Al(correlation analysis) Ax}E A&t T

A8 =29 FEF o]&std HAHEZA I} GC-MS 717]
249 AadAE BT A B4 A8d d4d EZ2 cinnamene,
benzaldehyde, cinnamaldehyde, coumarin, cinnamic acid, 2,6-gingerol, 2-cinnamaldehyde<}
2-cinnamic acidl a2 A ¥+= Table 2-18¢] YEN A T)
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Table 2-18. Correlation between volatile compounds and flavor characteristics of Sujeonggwa.

Volatile Compounds Attribute (correlation coefficient, p-value)

Cinnamene sweet (0.70; 0.0113)

Benzaldehyde astringency (-0.59; 0.0436), artificial sweetener (0.62; 0.0323)
Cinnamaldehyde -

Coumarin -

Cinnamic acid sweet (-0.6216; 0.031)

2,6-gingerol -

2-cinnamaldehyde -

2-cinnamic acid dried persimmon (0.90; <0.0001), turbidity (0.69; 0.0133)

©@ FU1S97 a3t BY9) FBRIA

oA 5e) FrlSAAES} 1R Gabs BA o] ABBAS AT AR AT G
so} W7pe]) vjemt, £, 28 =7 DPPH g 275®HEA7 $o4 J= 2aw
AE BN, 4BASE Table 2-196) LFERAITH

Table 2-19. Correlation between antioxidant capacity measured using DPPH and flavor
characteristics of Sujeonggwa

Correlation coefficient (1) p-value
Ginger aromatics 0.74 0.0063
Cinnamon aromatics 0.66 0.0199
Spicy 0.76 0.0042
Dried persimmon 0.62 0.0318
Turbidity 0.75 0.0053

) ¢ =274 F43 49 A4uHA

FA o] 3 ”Z% ZFol|A E3] 2-cinnamaldehydee] H%+= ABTS &HZd 4&AF &4
(r=0.64, p=0.026)7} F == (=0.72, p=0.008)7 <2 /}}17 AFtt. Cinnamic acids= FRAP
Hol 23k g7 oo‘:«] ABAAA (r=059, p=0.045)S X H}T}.

U, BAIEA I ARz 7 EEe] ATHA

vizte] V| EEd YFE vAE v 54 dohur) fAste] VsEst Fu5
AlE External Preference MappingS o] &3ta] 3514 th &nv|Ate] 7ExE

Bagke A& o, F= &H|AS} vl AN A HAe RN A3dE S

ox
2ol

=9}
A

ox
for e P
o

> o fo

X
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f39th. A R4S XLSTAT (Addinsoft, New York, NY, USA)& o] &3le] BAREA AxE
FA] B-EA(principal component analysis) .2 %2]3}3F t}2 external preference mappingS At
g3ttt A= Figure 2-140] YJeERAT FAE 104 BAMEA HolE ol 505%S ™5
AL, FAE 2= HlolH 224%5 A3t F HolEY 72.9%F FHE 13 28 yEd
2131t} External preference mapel 1AHEHS 27¢ TR o7 AYES]
a1, S-PH7} o]fd §Ado] &ol 1AHER ] AT 2AHEH S IS 5ot Ao g HHES]
a1, Positive controle] & 7]el 9] x|3}F$t}. Positive control& Zo}gk US, US2, Asian AW A}+=
Positive control® 7}7b2 2AHE W3} 3AHEH ] AA HZo X3t 7|Z=E WYgstdt 3
AFR RO Scbnzb AL, 4AHEHO) Ssugar, SscFOS, S-stevia® vH o Mo}, US1 3 th &
9] Jl= MR = FE SAHEHEI 4AHEH O] Ssugar, S-scFOS, S-cbn, S-stevia H-toll 95}
o FAHIY AR Ut V|ZEE HYstA T

1.0
® Dried
0.8 persimmon
@ Sweet Salty
. i @ Turbidit
Artificial 06 .B.r:jebi *0 v
sweetener e S-PH
0.4 o
Concentration
Positive
Control 0.2
@ Sour
@ Color Y
% 8:0 S-sugar & KR4
g -1.00 -0.80 -0.60 -0.40 -0.20 0.00 ®,, 0.40 0.60 0.80 1.00
¢ € US2 Ginger
g S-cbn ® 5-scFOs Aroma
a ® 02 ) ?
m @ Asian @ Carbonated Cinnamon picy
E ®Us ¢ KR2 @ S-stevia Aroma ¢
P 0.4 Astringency
E @ Bitter
& usa ® KR
®06
R1
@ KR3
0.8
-1.0
Principal Component 1 (50.5%)

Figure 2-14. External preference mapping of 6 sujeonggwa samples evaluated by descriptive
sensory panel and consumers from three different countries of Korea?, China®, and the United
States®.

®Mean acceptability ratings of overall Korean consumers’ (KR) and 4 clusters (KR1 to KR4)were used for the
analysis

PMean acceptability ratings of overall Asian consumers’ (Asian) was used for the analysis.

‘Mean acceptability ratings of overall US consumers’ (US) and two clusters (US1 and US2) were used for the
analysis.
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34 ztolE BT AT AASE A dAY AdA i At

g avks dAZ R AR SAQ AN, 43, At Ao wient, @
o] A& FAAE Folstqir] Wi B AFolA ML HAHE AHESH F& Zlo=m
A z+A T,

= 2MAE dRe FARY Mo FFS ot Positive controle A& A5 AU
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Fo] A=A W& BtE @EFa FAAY @uks moEA AR g AES A
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28k =
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(]
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FHol2 Ik TAVE S &<
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J7 94 24 —
FAI FHEA F5F A 100
A3 e] cinnamic acid, cinnamaldehyde2}
A 7Fe] 6-gingerole] F8 Io|EAUZY 100
TAR B A HOEA o g w geny
vl AR
cinnamaldehyde 5 F2 3JIAES HA 100
2 g
steviag AH7}ste] L3 154 A
g% ZZd2HE, LDL-cholesterol 74| 100
.
Al LA 9 HDL-cholesterol 27} &3} 3¢l
in vitro @ in vivol A £33
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A B AT AR EA 71573 ‘—r7ziTJr«l A 2 g o AA 100
ol FE A5t a3 <l
7154 AT g, 31, Ho AAAL 100
3E 7 AA 5y gl
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H 5 AT HE 2P0l Tt siel ntst 7|g BHE

AT FE2ELS AT HAAZ HRE FET FHolA e AWt FHEA fatty acid
synthase (FAS)9} ©]9] I AFQIAIQI sterol regulatory element-binding protein (SREBP)-12]
mRNA 2dS JAFezN dF FHANL, SAAY, T Fd2HE, LDL-8=HE
F= a3%= JHQin B and others 2010, Kannappan S and others 2006).

T2 U
S —= =X

A= H9E FHell AojA AFhAF - AR peroxisome proliferato-activated receptor
(PRAR)Q! PPAR ¢ % PPAR y ol 2& S AT o= Iad WIAAI dd AAUAL o
< MAstE E371 thSheng X and others 2008).

Ade DFH=HEE S FHAdA AW st ss ST CEZRN AAQALE Ndehs &
#7} 9tHLee JS and others 2003).

A3 AZ71% A4S cinnamaldehydelt} cinnamic acide] &R wjEo® HuEy Yot
(Huang B and others 2011, Subash Babu P and others 2007).

RS FeWAs axrt g3 AoE dHA Aot AAFEES AW dHEL F
olo] HMAldAte] W& JA(Gao H and others 2012), Z&#~HE T4 AA(Nammi S and
others 2009), A &35 7§41 (Verma SK and others 2004, Thomson M and others 2002)
a893 587 &A &3, d4ksls A 59 &3 Z(El-Baroty GS and others 2010,
Ahmed RS and others 2000), & W & z& At sHAESLE st BH7}
A2o] HuEa AtHVerma SK and others 2004, Thomson M and others 2002).

A7) faAE< gingerol, zingerone 181l shogale &4tsl a3, &d9%F 2 I, FF
A=A RzEas 9 FE2HE AstEd so] Fol Eu¥i v (Fuhrman B et
al. 2000, Dugasani S et al. 2010, Choudhury D et al. 2010).

fr

Aer A A2 steviax ' 50-3008] ZAHE AU o
others 2010) A& 3taFo] EA|7F H= AFol AFEEL o

7] 918 AgHT

2l= gloj(Park JE and

Zs
TE S8 ZEHE HF

Steviax=  ZFollA A4l p-oxidationo] #dsE &40 acyl-CoA oxidase (ACO),
acyl-CoA synthetase (ACS), carnitine palmitoyltransferase (CPT)-1 9] ¥Wd-S ZF7IAZIth
(Park JE and others 2009).

Stevia®] f&&2<l 6-O-acetyl-austroinuline th&) M oA TNF-«, IL-6, IL-15¢] &5
HaAIE FES Eﬂr } JtH(Cho BO et al. 2013).

Neosugar2 &&= short chain fructooligossachride (scFOS)E= HIA3HA  E43E
fructose’} 370 A= AdE ST o g @ukd oFg oy prebiotics 750l A=
o2 Bus3 ¢JtkBornet FRJ and others 2002).

L
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Qo bifidobacteria®] %= oA
2007).
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EA oA scFOS& Zholl Al A4t &S AAIsA Y (Agheli N and others 1998), &
29 A wjAS =2 3lod(Tokunaga T and others 1986) % A AEEE Aslst= &
}7F HauEa o

scFOS+= prebioticsZ A1 2] 7] 3t=ul, prebioticse AU #83 Ald 2 3 &4
A4kl S EZZsEaL ol E0] FoE o A4kt &4(Agheli N and others 1998) %
ZH2HE T4 £49 HMG-CoA reductase (HMGCR)] &g A8k Bush RS and
others 1971 @& A& Asfist= 59 71xo] &e#jA lai(Baird GD and others 1984), 7
Y #Fo H3E oz ajds AT

d
>

A2 OYs 25 AFY I EZS AR5 f8 AFEEHT Jow, HT ATl
e BF48] F2(Bett-garber and Lea 2013), =2HLee and Chambers 2007), L@ X F=2
(Lotong et al. 2003), F-f(Chambers 2006)¢] A& NS s H&sta Aot

AHAZ|EE 2AMS] A9 AFMEGA AN ALESIEE AR 31, 53] Just about
right H=9] 5 AF Ao Wds AA = 5 0o B2 AFHAANM AF2 &4

TE =o|7] H8 Argsta dtk(Meilgaard, Civille, Carr 2007).

2RA 755 AR B2 mey diAdAke] 2A7F 5078 ol A 30008 o] 7kAl Wei7E Ao
(Hough and others, 2006). 2 Ab8-% = A v AvAEC] v AAHEH Aiol oA
53 71E sk Central Location Teste] 7-%- 509 o]/ 100 A=<, AFMLe] 2z A
Auitt 1008 o= ATt 4Lna AAre] 4 93 HAERS AMES o, 063 ol A
o7t ottt e AT A Ut HAE 40"l Hojof dohal Haskal Q)
tHGacula and Rutenbeck 2006).

- 120 -



Al 6% AREH

Benzie IFF, Strain JJ. 1996. The ferric reducing ability of plasma (FRAP) as a measure of
“Antioxidant Power” : The FRAP Assay. Anal. Biochem. 239: 70-76.

Hsiang-yu Yeh, Cheng-hung Chuang, Hsin-chun Chen, Chu-jen Wan, Tai-liang Chen,
Li-yun Lin. 2014. Bioactive components analysis of two various ginger (Zingiber officinale
Roscoe) and antioxidant effect of ginger extracts. LWT - Food Science and Technology 55:
329-334

Kim MJ, Park MH, Jeong MK, Yeo JD, Cho WI, Chang PS, Chung JH, Lee JH. 2010.
Radical scavenging activity and anti-obesity effects in 3T3-L1 preadipocyte differentiation
of Ssuk (Artemisia princeps Pamp.) extract. Food Sci. Biotechnol. 19: 535-540.

Mancini-Filho J, Van-Koiij A, Mancini DA, Cozzolino FF, Torres RP. 1998. Antioxidant
activity of cinnamon (Cinnamomum Zeylanicum, Breyne) extracts. Boll Chim Farm 137:
443-447.

Muchuweti M, Kativu E, Mupure CH, Chidewe C, Ndhlala AR, Benhura MAN. 2007.
Composition and Properties of Some Spices. American Journal of Food Technology 2:
414-420

Riedl KM, Lee JH, Renita M, St Martin SK, Schwartz SJ, Vodovotz Y. 2007. Isoflavone
profiles, phenol content, and antioxidant activity of soybean seeds as influenced by
cultivar and growing location in Ohio. J. Sci. Food Agr. 87: 1197-1206

Qin B, Polansky MM, Anderson RA. 2010. Cinnamon Extract Regulates Plasma Levels of
Adipose-derived Factors and Expression of Multiple Genes Related to Carbohydrate
Metabolism and Lipogenesis in Adipose Tissue of Fructose-fed Rats. Horm Metab Res 42:
187-193.

Kannappan S, Jayaraman T, Rajasekar P, Ravichandran M K, Anuradha C V. 2006.
Cinnamon bark extract improves glucose metabolism and lipid profile in the fructose-fed
rat. Singapore Med J 47: 858.

Sheng X, Zhang Y, Gong Z, Hunag C, Zang YQ. 2008. Improved insulin resistance and
lipid metabolism by cinnamon extract through activation of peroxisome proliferato-activated
receptors. PPAR Research 2008: 1-9.

Lee JS, Jeon SM, Park EM, Huh TL, Kwon OS, Lee MK, and others 2003. Cinnamate
supplementation enhances hepatic lipid metabolism and antioxidant defense systems in high
cholesterol-fed rats. J Med Food 6: 183-191.

- 121 -



Bo Huang, Hai Dan Yuan , Do Yeon Kim , Hai Yan Quan , and Sung Hyun Chung. 2011.
Cinnamaldehyde Prevents Adipocyte Differentiation and Adipogenesis via Regulation of
Peroxisome Proliferator-Activated Receptor- y (PPAR y) and AMP-Activated Protein Kinase
(AMPK) Pathways. J Agric Food Chem 59: 3666-3673.

Subash Babu P, Prabuseenivasan S, Ignacimuthu S. 2007. Cinnamaldehyde—a potential
antidiabetic agent. Phytomedicine 14: 15-22.

Gao H, Guan T, Li C, Zuo G, Yamahara J, Wang J, Li Y. 2012. Treatment with ginger
ameliorates fructose-induced fatty liver and hypertriglyceridemia in rats: modulating of the
hepatic ~ carbohydrate  response  element-binding  protein-mediated  pathway. J
Evidence-Based Complementary Altern Med 2012: 1-12.

Nammi S, Kim MS, Gavande NS, Li GQ, Roufogalis BD. 2009. Regulation of low-density
lipoprotein receptor and 3-hydroxy-3-methylglutaryl coenzyme A reductase expression by
Zingiber officinale in the liver of high-fat diet-fed rats. Basic Clin Pharmacol Toxicol 106:
389-395.

Verma SK, Jain MSP, Bordia A. 2004. Protective effect of ginger, Zingiber officinale rose
on experimental atherosclerosis in rabbits. Indian J Exp Biol 42: 736-738.

Thomson M, al-Qattan K, al-Sawan S, Alnageeb M, Khan I, Ali M. 2002. The use of ginger
(Zingiber officinale Rosc.) as a potential antiinflammatory and antithrombotic agent.
Prostaglandins, Leukotrienes Essent. Fatty Acids 67:475-478.

El-Baroty GS, El-Baky HA, Farag RS, Saleh MA. 2010. Characterization of antioxidant and
antimicrobial compounds of cinnamon and ginger essential oils. Afr J Biochem Res 4:
167-174.

Ahmed RS, Seth V, Banerjee BD. 2008. Influence of dietary ginger (Zingiber officinales
Rosc) on antioxidant defense system in rat: comparison with ascorbic acid. Indian J Exp
Biol 38: 604-606.

Jiang X, Blair EY, McLachlan AJ. 2006. Investigation of the effects of herbal medicines on
warfarin response in healthy subjects: a population pharmacokinetic-pharmacodynamic
modelling approach. J Clin Pharmacol 46:1370-1378.

Nicoll R, Henein MY. 2007, Ginger (Zingiber officinale roscoe): A hot remedy for
cardiovascular disease?. Int J Cardiol 131: 408-4009.

Fuhrman B, Rosenblat M, Hayek T, Coleman R, Aviram M. 2000. Ginger extract
consumption reduces plasma cholesterol, inhibits LDL oxidation and attenuates development
of atherosclerosis in atherosclerotic, apolipoprotein E-deficient mice. J Nutr 130: 1124-231.

- 122 -



Dugasani S, Pichika MR, Nadarajah VD, Balijepalli MK, Tandra S, Korlakunta JN. 2010.
Comparative antioxidant and anti-inflammatory effects of [6]-gingerol, [8]-gingerol,
[10]-gingerol and [6]-shogaol. J Ethnopharmacol 127: 515-520.

Choudhury D, Das A, Bhattacharya A, Chakrabarti G. 2010. Aqueous extract of ginger
shows antiproliferative activity through disruption of microtubule network of cancer cells.
Food Chem Toxicol 48: 2872-2880.

Park JE, Cha YS. 2009. Stevia rebaudiana Bertoni extract supplementation improves lipid
and carnitine profiles in C57BL/6]J mice fed a high-fat diet. J Sci Food Agric 2010:
1099-1105.

Geeraert B, Crombe F, Hulsmans M, Benhabiles N, Geuns JM, Holvoet P. 2010. Stevioside
inhibits atherosclerosis by improving insulin signaling and antioxidant defense in obese
insulin-resistant mice. Int J Obes 34: 569-577.

Cho BO, Ryu HW, So Y, Cho JK, Woo HS, Jin CH, Seo KI, Park JC, Jeong IY. 2013.
Anti-inflammatory effect of austroinulin and 6-O-acetyl-austroinulin from Stevia
rebaudiana in lipopolysaccharide-stimulated RAW?264.7 macrophages. Food Chem Toxicol 62:
638-644.

Bornet FRJ, Brouns F, Tashiro Y, Duvillier V. 2002. Nutritional aspects of short-chain
fructooligosaccharides: natural occurrence, chemistry, physiology and health implications.
Dig Liver Dis 34: 111-120.

Bouhnik Y, Achour L, Paineau D, Riottot M, Attar A, Bornet F. 2007. Four-week short
chain fructo-oligosaccharides ingestion leads to increasing fecal bifidobacteria and
cholesterol excretion in healthy elderly volunteers. Nutr J 6: doi:10.1186/475-2891-6-42.

Agheli N, Kabir M, Berni-Canani S, Petitjean E, Boussairi A, Luo J, Bornet F, Slama G,
Rizkalla SW, 1998. Plasma lipids and fatty acid synthase activity are regulated by
short-chain fructo-oligosaccharides in sucrose-fed insulin-resistant rats. J Nutr 128:
1283-1288.

Tokunaga T, Oku T, Hosoya N. 1986. Influence of chronic intake of new sweetener
fructooligosaccharide (Neosugar) on growth and gastrointestinal function of the rat. J Nutr
Sci Vitaminol 32: 111-121.

Bush RS. Milligan LP. 1971. Study of the mechanism of inhibition of keotgenesis by
propionate in bovine liver. Can J Anim Sci 51:121-127.

Baird GD, Lomax MA, Symonds HW, Shaw DR. 1984. Net hepatic and splanchnic
metabolism of lactate, pyruvate and propionate in dairy cow in vivo in relation to lactation
and nutrient supply. Biochem J 186: 47-57.

- 123 -



Seo JH, Sung TH, Kim MR. 2002. Quality characteristics of Sujongkwa. J East Asian Soc
Dietary Life 12: 370-378.

Kusunoki J, Hansoty DK, Aragane K, Fallon JT, Badimon JJ, Fisher FA. 2001. Acyl-CoA:
cholesterol acyltransferase inhibition reduces atherosclerosis in apolipoprotein E-deficient
mice. Circulation 103: 2604-2609.

Folch J, Lees M, Sloane Stanley GH. 1957. A simple method for the isolation and
purification of total lipids from animal tissues. J Biol Chem 226: 497-509.

Souza GA, Ebaid GX, Seiva FRF, Rocha KHR, Galhardi CM, Mani F, Novelli ELB. 2008.
N-Acetylcysteine an Allium plant compound improves high-sucrose diet-induced obesity and
related effects. J Evidence-Based Complementary Altern Med 2011: 30-36.

Sudhahar V, Kumar SA, Mythili Y, Varalakshmi P. 2007. Remedial effect of lupeol and its
ester derivative on hypercholesterolemia-induced oxidative and inflammatory stresses.
Nutrition research 27: 778-787.

Monetti M, Levin MC, Watt MJ, Sajan MP, Marmor S, Hubbard BK, Stevens RD, Bain JR,
Newgard CB, Farese RV, Hevener AL, Farese RV. 2007. Dissociation of Hepatic Steatosis
and Insulin Resistance in Mice Overexpressing DGAT in the Liver. Cell Metabolism 6:
69-78.

Shimano H, Horton JD, Hammer RE, Shimomura [, Brown MS, Goldstein JL. 1996.
Overproduction of cholesterol and fatty acids causes massive liver enlargement in
transgenic mice expressing truncated SREBP-1a. J Clin Invest 98: 1575-1584

Okamoto M, Irii H, Tahara Y, Ishii H, Hirao A, Udagawa H, Shimizu I. 2011. Synthesis of a
new [6]-gingerol analogue and its protective effect with respect to the development of
metabolic syndrome in mice fed a high-fat diet. ] Med Chem 54: 6295-6304.

Cherng S, Young J, Ma H. 2008. HMG-CoA reductase (3-hydroxy-3-methyl-glutaryl-CoA
reductase) (HMGR). Journal of American Science 4: 62-64.

Rodwell VW, Nordstrom JL, Mitschelen JJ. 1976. Regulation of HMGCoA reductase. Adv
Lipid Res : 1-74.

Bett-Garber KL, Lea JM. 2013. Development of flavor lexicon for freshly pressed and
processed blueberry juice. J Sens Stud 28: 161-170.

Chambers E IV, Lee J, Chun S, Miler AE. 2012. Development of a lexicon for
commercially available cabbage (Baechu) Kimchi. J Sens Stud 27: 511-518.

Chambers E IV, Jenkins A, McGuire BH. 2006. Flavor properties of plain soymilk. J Sens
Stud 21: 165-179.

- 124 -



Cherdchu P, Chambers E [V, Suwonsichon T. 2013. Sensory lexicon development using
trained panelists in Thailand and the U.S.A.: soy sauce. J Sens Stud 28: 248-255.

Choi NS, Chung SJ, Choi JY, Kim HW, Cho JJ. 2013. Physico-chemical and sensory
properties of commercial Korean traditional soy sauce of mass-produced vs. small scale
farm produced in the Gyeonggi area. Korean J Food Nutr 26: 553-564.

Hong JH, Park HS, Chung SJ, Chung L, Cha SM, Le S, Kim KO. 2014. Effect of familiarity
on a cross-cultural acceptance of a sweet ethnic food: a case study with Korean
traditional cookie (Yackwa). J Sens Stud 29: 110-125.

Yeh HY, Chuang CH, Chen HC, Wan CJ, Chen TI, Lin LY. 2010. Bioactive components
analysis of two various ginger (Zingiber officinale Roscoe) and antioxidant effect of ginger
extracts. LWT - Food Sci Technol 55: 329-334.

Keane P. 1992. Manual on descriptive analysis testing for sensory evaluation. ASTM:
Philadelphia, PA. Pp5-14.

Kim DH, Kim HS. 2007. Sensory profiles of cooked rice, including functional rice and
ready-to-eat rice by descriptive analysis. Korean ] Food Cookery Sci 23: 761-769.

Kim MJ, Park MH, Jeong MK, Yeo JD, Cho WI, Chang PS, Chung JH and Lee JH. 2010.
Radical scavenging activity and anti-obesity effects in 3T3-L1 preadipocyte differentiation
of Ssuk (Artemisia princeps Pamp.) extract. Food Sci Biotechnol 19: 535-540.

Korean Food Foundation. 2012. International Hansik menu guide. DongA E&D, Seoul,
Korea. Pp. 195.

Lee J, Chambers DH. 2007. A lexicon for flavor descriptive analysis of green tea. J Sens
Stud 22: 256-272.

Lee HJ, Sul MS, Park JN, Kim JH, Song BS, Lee JW, Byun MW. 2007. Evaluation of the
sensory quality characteristics during storage and mutagenicity of gamma-irradiated
Sujeongwa powder (Korean traditional cinnamon beverage). Korean J Food Preserv 14:
408-413.

Lee YJ, Byun GIL 2006. A study on the preference and intake frequency of Korean
traditional beverages. Korean J Food Culture 21: 8-16.

Lotong V, Chambers E IV, Chambers DH. 2003. Categorization of commercial orange juices
based on flavor characteristics. J Food Sci 68: 722-725.

Mancini-Filho J, Van-Koiij A, Mancini DA, Cozzolino FF, Torres RP. 1998. Antioxidant
activity of cinnamon (Cinnamomum Zeylanicum, Breyne) extracts. Boll Chim Farm 137:
443-447.

- 125 -



Meilgaard MC, Civille GV, Carr BT. 2006. Sensory evaluation techniques 4th eds. CRCPress,
New York, NY. Pp.448.

Muchuweti M, Kativu E, Mupure CH, Chidewe C, Ndhlala AR, Benhura MAN. 2007.
composition and properties of some spices. Am J Food Techno 12: 414-420.

Riedl KM, Lee JH, Renita M, St Martin SK, Schwartz SJ, Vodovotz Y. 2007. Isoflavone
profiles, phenol content, and antioxidant activity of soybean seeds as influenced by
cultivar and growing location in Ohio. J Sci Food Agr 87: 1197-1206.

Seo JH, Sung TH, Kim MR. 2002. Quality characteristics of Sujongkwa. J East Asian Soc
Dietary Life 12:370-378.

Gacula M, Jr., Rutenbeck S. 2006. Sample size in consumer test and descriptive analysis.
Journal of Sensory Studies 21: 129-145

Hough G, Wakeling I, Mucci A, Chambers E IV, Gallardo IM, Alves LR. 2006. Number of
consumers necessary for sensory acceptability tests. Food Quality and Preference 17:
522-526.

Meilgarrd MC, Civille GV, Carr BT. 2007. Sensory evaluation techniques 4th ed. CRC Press.

- 126 -



	수정과의 기능성 효과 규명 및 세계화방안 연구

	요약문

	목차

	제1장 연구 개발 과제의 개요

	제 1 절 연구 개발의 목적 및 필요성
	1. 연구의 필요성
	2. 연구 목적

	제 2 절 연구의 범위

	제2장 연구 개발 수행 내용 및 결과

	제1절 in vitro 및 in vivo에서 수정과 소재 및 수정과의 건강기능성 연구 (제1세부과제)

	1-1 (세부연구 1) 수정과 소재 및 수정과의 식품 기능성 연구
	수정과 시료 제조
	1. in vitro에서 수정과 및 소재의 항산화, 항균성 분석을 통한 건강기능성 평가
	가. 수정과의 항산화성 분석
	나. 수정과 재료의 항균 활성 측정
	다. 수정과 소재의 파이토케미칼의 정량분석
	라. 신개념의 수정과 음료 제품 개발을 위한 글로벌화 전략으로서 휘발성 성분 평가


	1-2 (세부연구 2) 실험동물을 이용한 수정과의 혈관 염증 억제를 통한 항 노화기능성 검증
	1. 동물실험 방법
	가. 실험식이 제조
	나. 동물사육
	다. 희생 및 시료수집
	라. 실험방법

	2. 수정과 음료 섭취에 따른 지질농도 저하 및 oxidative stress 개선 효과
	가. 체중변화
	나. 혈중 지질 농도
	다. 혈장 총 항산화능 측정
	라. 혈중 ROS와 TBARS 농도
	마. 조직 내 지질 농도
	바. 조직 내 ROS와 TBARS 농도
	사. 간의 지질 합성 관련 효소 및 전사인자의 발현 정도

	4. 수정과 음료 섭취에 따른 염증 억제 효과 및 항 동맥경화 효과
	가. 혈중 pro-inflammatory cytokine 농도
	나. 동맥 내 염증 관련 효소 및 전사인자의 발현
	다. 동맥궁 지질침착 정도

	5. 수정과 음료 섭취에 따른 항 유전 독성 효과


	제2절 Cross-culture 소비자 조사를 통한 신개념 수정과 음료 레시피 개발 (제2세부과제)

	1. 수정과의 전통적인 조리법 수집 분석 및 재현
	가. 문헌조사 연구를 통해 수정과 전통적인 조리법 조사
	나. 문헌조사 연구를 통해 설탕 대체재 감미료 조사
	다. 전통적인 조리법 재현 및 기능성 수정과 레시피 개발

	2. 수정과의 관능적 특성 표준 용어 및 척도 개발
	가. 수정과의 관능적 특성 표준 용어 및 척도 개발

	3. 국내·외국인을 대상으로 수정과의 cross-culture 소비자 조사
	가. 소비자 기호도 조사
	(1) 소비자 평가원 모집
	(2) 시료 준비 및 제시
	(3) 기호도 평가 항목
	(4) 통계 분석
	(5) 소비자 기호도 조사 결과


	4. 국내 소비자를 대상으로 한 티백형 수정과차의 관능묘사분석 및 소비자 조사
	가. 시장조사를 통한 신개념 티백형 수정과차 개발
	나. 티백형 수정과차 레시피 개발
	다. 티백형 수정과차 제조에 사용된 재료
	라. 티백형 수정과차 제조 원가 산출 (24 티백/1상자)

	5. 티백형 수정과의 관능적 특성 표준 용어 및 척도 개발
	가. 티백형 수정과의 관능적 특성 표준 용어 및 척도 개발

	6. 티백형 수정과의 한국인 소비자 기호도 조사
	가. 소비자 평가원 모집
	나. 시료 준비 및 제시
	다. 기호도 평가 항목
	라. 통계 분석
	마. 소비자 기호도 조사 결과

	7. 탄산을 주입한 수정과의 소비자 기호도 조사
	가. 소비자 평가원 모집
	나. 탄산을 주입한 수정과 시료 준비 및 제시
	다. 기호도 조사 항목
	라. 통계 분석
	마. 소비자 기호도 조사 결과

	8. 상관관계 분석
	가. 수정과의 향미특성과 휘발성물질, 항산화활성의 상관관계
	나. 묘사분석과 소비자 기호도의 상관관계

	9. 문화적 차이를 고려한 수정과 세계화를 위한 레시피 개선에 대한 제안


	제3장 목표 달성도 및 관련 분야에의 기여도

	제 1절 목표달성도
	제 2절 관련 분야 발전에의 기여도

	제4장 연구 개발 성과 및 성과 활용 계획

	제 1절 연구 개발 성과
	제 2절 연구 성과 활용 및 계획

	제5장 연구 개발 과정에서 수집한 해외 과학 기술 정보

	제6장 참고문헌



