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SUMMARY

1. Understanding Consumer Preferences for Korean Traditional Rice Wines, Yakju Using

Sensory, Demographic, and Behavioral Data

There have been great efforts to understand the driving force of consumer preferences
in food industry and related academia. While consumers are clear about which products
they like, consumers are not always able to describe or identify why they like or dislike
a product. To determine which sensory attributes drive a consumer's liking for products,
Preference Mapping techniques are used to investigate the relationship between objectively
measured product attributes and that consumer's acceptance scoring for the products. These
techniques have had extensive practical applications in accessing drivers of consumer
preference for products such as, apple, snack foods, sausages, cheese, beer, coffee, and
wines among others. However, the sensory characteristics of Korean traditional rice wines,
Yakju have not been objectively measured, nor the relationship between consumer
acceptance and sensory attributes. Therefore in this study, sensory characteristics of ten
Korean traditional rice wines, Yakju were quantitatively measured and compared. For the
same rice wines, overall acceptabilities and purchase intents were rated by 104 consumers.
Then, the sensory characteristics of the rice wines were related to understand consumer

preferences of Korean traditional rice wines using extended internal preference mapping.

From the principal component analysis of the descriptive data, rice wines are
primarily separated along the first PC (explained 61% of the total variance) between the
rice wines with high intensities of "ripe-fruit" "sweet-aroma", and "fruit-taste" and the rice
wines with high in "yeasty", "biter", and "astringent". Based on consumer blind liking
(BL) ratings, three BL segments were idsentified by cluster analysis. The BL12 segment
was composed of 43 consumers showing preference for the products with less intense
astringent and bitter taste, but higher sweetness, medicinal herb and fruit related attributes.
Second segment (BL3) was composed of 28 consumers with high preference for the

intense fruity rice wine such as "cheongook". The last segment was BL4 with 29



consumers showing high preference for the products with intense medicinal herb aroma
and taste such as "christhantum". Brand and price information about rice wine samples
showed a significant impact on the measurement of preference especially for the most

familiar rice wines to the consumers. Not surprisingly, flavor and taste of the rice wines

n n

seemed to be the most important factors. The sensory attributes related to "yeasty", "sour",
"astringent", and "bitter" were considered as de-activators for the preferences of these rice

wines.

2. Antioxidant activities of volatile and non-volatile fractions from Korean traditional rice

wines, yakju.

Volatile extracts from three Korean traditional liquors (Jinmae, Sukuk, Kukija) were
extracted with dichloromethane using a SAFE(Solvent Assisted Flavour Evaporation)
apparatus and divided volatile extracts into seven fractions. The volatile fractions
obtained from fractionation were identified and quantified wusing a Gas
chromatography-mass spectrometry and Gas chromatography-flame ionization detector.
The major volatile compounds at each fraction of Jinmae were 3-methyl butanol (34.30
ug/me), benzeneethanol (7.3218/m8), hexadecanoic acid (47.2248/mE),
1,2-benzenedicarboxylic acid (20.2648/M) and 2-pentanone (127.1548/M). The fractions
of Sukuk presented iso amy alcohol (32.7448/M¢), methinol (22.0348/M¢), ethyl
4-hydroxybutanoate (18.3548/M) and 3-pyrrolidinol (10.3148/M¢). And the fractions of
Kukija presented 1-pentanol (17.3748/M¢), 2,5-xylenol (12.7048/M¢), 2(3H)-furanone (4.96
u#g/me), benzeneethanol (30.9548/M) and a-glutaric acid (4.4948/me).

3. Product development

For the development of new rice wines, the medicinal herbs and plant were searched
through Korean traditional medicine library and initially 27 medicinal plants were selected
for the antioxidant activity test using DPPH radical scavenging activity. From the

antioxidant activity tests, sansuyu and hwanggeum were selected as a major medicinal

_10_



plants, respectively for the new products. For the rose wine type "SANSUYUJU"
development, sansuyu was used with jacho as medicinal plants. This product targeted to
the wine market and tried to make different style of rice wine to appeal to young
generation and women. Other product was made with hwanggeum which showed the
strongest antioxidant activity among other selected medicinal plants by DPPH radical
scavenging activity. The concept of "HWANGGEUMJU" was a high functional
(antioxidant activity) rice wines with emphasis on the medicinal plants related sensory
aspects. From the preference tests for the two developed products, overall acceptabilities of
"SANSUYUJU" and "HWANGGEUMIJU" were "5.5" and "4.8" points by 9-point hedonic
scale. "SANSUYUJU" was considered as proper levels in sweetness, sourness and color by
9-point just-about-right scale. A fruitness level was also considered in optimum range but
need a little bit addition to make a emphasis on the fruitness. "HWANGGEUMJU"
showed lower levels in sweet, sour, and medicinal plants taste. Especially, for the
prominence medicinal plants related sensory aspects with accordance with a concept as
high functional rice wine, the intensity of medicinal plants related sensory aspects should
be increased. The final formulation will be corrected to reflect consumer preference test

results.

_11_
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(aromaswt) sweet attributes. At the origin intensity = 0; at the perimeter intensity =

10. LSD (5%) for each attribute is given. 53

Figure 3. Mean intensity ratings of yakju samples in medium intensities of all sensory

attributes. At the origin intensity = 0; at the perimeter intensity = 10. LSD (5%) for

each attribute is given. 54
Figure 4. Mean intensity ratings of yakju samples intense in bitter, yeast, astringency,
yeast taste attributes. At the origin intensity = 0; at the perimeter intensity = 10.
LSD (5%) for each attribute is given. 55

Figure 5. Mean intensity ratings of yakju samples showing differenct sensory

characteristics. At the origin intensity = 0; at the perimeter intensity = 10. LSD (5%)

for each attribute is given. 56

Figure 6. Principal component analysis of descriptive data for ten yakju samples. Wine

and attribute codes are defined in Table 5 and 6 (pg. 29,31) 60

Figure 7. a. Internal preference mapping for 10 yakju samples (see table 5, 6 for sample and

attribute codes). 81

Figure 8. a. Internal preference mapping for 10 yakju samples (see table 5, 6 for sample and

attribute codes)-. 82

Figure 9. Extended internal preference mapping on 3 BL clusters for 10 yakju samples.
vectors are 3 clusters, squares are samples and diamonds are sensory attributes (See
Table 5, 6 for sample and attribute codes) 87

Figure 10. Extended internal preference mapping on 4 IP clusters for 10 yakju samples.
vectors are 4 clusters, squares are samples and diamonds are sensory attributes (See

Table 5,6 for sample and attribute codes) 90

Figure 11. PLS regression analysis relating intensities of sensory attributes (n=11,
BLUE, X) to overall blind liking of rice wines (n=1, RED, Y); a) correlation loading
plot, b) sample scores plot. (see Table 5, 6 for the sensory attributes and yakju
codes). 93
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Figure 12. Predictive performance of the model in figure 11. Prediction of Y (Blind
liking of BL12 cluster) from X (11 sensory attributes) via the 2-PC model from figure
11. (a) Standardized regression coefficient vector b, showing the contribution of each

X-sensory attribute to the prediction of Y-variable overall liking. (b) Predicted vs.

recorded mean overall liking (Y) for the ten yakju samples. 94
Figure 13. Predictive performance of the model in figure 11. Prediction of Y (Blind
liking of BL3 cluster) from X (11 sensory attributes) via the 2-PC model from figure
11. (a) Standardized regression coefficient vector b, showing the contribution of each
X-sensory attribute to the prediction of Y-variable overall liking. (b) Predicted vs.

recorded mean overall liking (Y) for the ten yakju samples 95

Figure 14. Predictive performance of the model in Figure 11. Prediction of Y (Blind
liking of BL4 cluster) from X (11 sensory attributes) via the 2-PC model from Figure
11. (a) Standardized regression coefficient vector b, showing the contribution of each
X-sensory attribute to the prediction of Y-variable overall liking. (b) Predicted vs.

recorded mean overall liking (Y) for the ten yakju samples. 96

Figure 15. Antioxidant activity of fractions of volatile extracts 98

Figure 16. Antioxidant activity of non-volatile fractions isolated from Korean

traditional liquors 105
Figure 17. Typical HPLC chromatograms of Korean liquors 108
Figure 18. Antioxidant activity of 45% Ethanol extracts of Korean medicinal plants
measured by DPPH radical scavenging assay 114
Figure 19. Antioxidant activity of 15% Ethanol extracts of Korean medicinal plants
measured by DPPH radical scavenging assay 115
Figure 20. Antioxidant activity of 15% Ethanol extracts of Korean medicinal plants
measured by DPPH radical scavenging assay 116
Figure 21. 7]& <5 Al x=F4 123
Figure 22. /A" AZ2F A1) 126
Figure 23. /A" Ax=¥4 (F55) 129
Figure 24. A% A4 WEH X~ 131

Figure 25. Antioxidant activity (%) of developed yakju samples (sansuyaju and

hwangeumju) with other commercial yakju samples measured by DPPH radical
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scavenging assay 132

Figure 26. Response frequencies for the just-about-right(JAR) questions for two

developed yakju samples 144
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(Alfonso et al, 1998, Fisher et al, 1999, Heyman and Noble, 1987, Schmidt and
Noble, 1983). HZell&= AlFe #TEAAES Anzte] 7|ax 9 FujoAbel AAA]
7] "Preference mapping” 7ol =4 Ho] AH|xe] 7]Zd FEgFS F= AE9
FAEAS Fost= AT sttt (McEwan, 1998, Popper et al, 1997). 44|
ARZAL okl A= ekl o] de Sl Tl FFS F= T %%—ﬂ“&
2 4, 27, AAET, BAE, Fa oln A gl #I A Tb o] FolAaL
(Brochet and Morrot, 1999, Folwell and Moberg, 1993, Gil and Sanchez, 1997,
Gluckman, 1990). 9]¢} & ¢p1e] Fufol] s F& vhdgh acld #g AT
53 olwe Aol o &u|AEAA TS HelEdAH 5 ava Hud

oW e W5l AFL ArsteAd U@ do Y= AT FnF & A
255 Aol AdHe FRAGAA odd ATANE dgom AFd oD
Qe ojalsl 2uAEe] 2T wolaopd AFe] AAo] FrEet Ard
.

3l HEFY Ao AR HEF #d AT
e

Ao #d A2 deFY Addd #d A= 3 5(1996a,b)e 5F ¢
e Axgys Adsta 1 BaSA R olgted AEs WYt
e AEy A9 ArEs avdee] 9 2 4G T, 1999), v
e Apolel] wE BaSA H FHERFMCIMA S, 195 AAE S, 1999), 4F
AL HAAstet A Al #E ﬂ?(%‘a s, 1998 Amld 5, 1998;
HAD 5, 1998) 2 AE T 4F ol Aol B3 dAvE FEA
th(Qlal g &, 1995; ol€¥lg &, 1998). =3 54 dEFel #3 AT EE IA=IF
S} o] FAMAS AT A7 AT 5, 2000). Ve #d A=
T FEAES o] &F WEF Ay VeA SAHA B3 AU AL 48 1Y
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Table 1. 79 /¥ =7 4 A el ke, Wt €
1990 1995 2000 2003
S
su" Al Fag Ad Fug AY Fug AY
g F 562011 12800 246,093 6,114 158080 6,088 138,162 5380
o F 4078 5435 3195 1,253 22927 22187 51,046 52205
1,307,672 655,192 1,850,334 1,283,729 1,730,790 1267,568 1,896,302 1,334,370
I 34859 36,185 43302 45272 28477 48918 23650 21,809
BN 8943 4654 7930 3941 6622 5652 16052 17584
THRART 26 51 816 2,041 502 2,669 391 1,874
A4 5 701,566 123746 762,839 623573 866,967 520913 928492 706,144
+ A 203818 7,196 221293 7,364 218665 2494 - 2463
9] 27 8559 67978 164838 102,663 12572 188124 12,110 183572
BT 168 877 154 90 66 158 546 394
AWZEHFF 4108 5269 2979 6844 4341 3701 7480 5246
2 7 37,408 28360 8520 20562 14,755 49,692 42,088 30,233
71 ERE 3 3 633 168 877 441 6,279 925
g A 2,873,219 1,021,684 3,163,576 1,840,362 3,065,641 2,254,181 3303593 2,611,530
FogACE FAE 2 SR 3
g FAA, FASAAR, 7 A%

=

T FuaAdHE AyEd 2003dl = 2,903,623k = 20001 9] 2,797,582
keell ®al 106,041kt Eolutth 1919 A&v[ & 77kl A 76kt 2 Zw FFAstS

=d ole WFEe AF edane FUlelx B4t g9k oFF Y27, #FF
2 59 A&v A wES Ao olsfE}. (Table 2)
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Table 2. =79 FT/FE 32 H, 2003 o9l ki, %
= 2k ol gk L2k = 2k —/]:H] %t
= 2~ 2 S 2~ = g
:’L -Hﬁ: =il T H o o H © T= 36 Zﬂiﬂ 1?—]%?
(A) (B) (C)=A+B (D)
(E)=C-D (2)
g F 138,162 - 138,162 1,676 98,324 2.6
o F 51,046 - 51,046 1,092 17,343 0.5
L 1,896,302 17,561 1,913,863 44,748 1,858,915 48.7
o 16,052 31,630 47,682 3,497 39,883 1.0
A F 928,492 18 928,510 84,656 845,516 22.1
A 27 12,110 26,715 38,825 14,082 24,240 0.6
Bt 41 2,836 2,877 20 2,856 0.1
AR HF 5,188 4,497 9,685 1,014 7,589 0.2
gF= 4621 4,042 8,663 139 8,957 0.2
3 A 3,052,014 43,746 3,095,760 150,924 2,903,623 76.0
F 01909 2vEe 154 o)A Qe 1909 AH
2z FAH, FASAAR, BAH, FISAAR, 2004
Table 3. =72 T/F¥ F=2H, 2000 49 ke, %
= I~ ol O~ = ﬁ\—ﬂl EO]:
el TAF THE FEE FE]
= . 11%()
(A) (B) (C)=A+B (D) ()=C-D 3
g F 158,080 - 158,080 882 157,198(5.6) 4.3
oF F 51,444 60 51,384 1,622 49,762(1.8) 14
W 1,730,790 8,477 1,739,267 26,392  171,2875(61.2) 471
IR 6,622 7,839 14,461 283 141,78(0.5) 0.4
& F 867,469 38 867,507 60,612 806,895(28.8)  22.2
2 27 12,572 21,385 33,957 2,139 31,818(1.1) 0.9
2dy 66 2,019 2,085 11 2,074(0.7) 0.1
UNSF5 4,241 2,272 6,513 63 6,430(0.2) 0.2
=R =1 14,755 1,656 16,411 179 16,232(0.6) 0.5
3 A 2,846,039 43,746 2,889,785 92,203 279,7582(100.0)  77.0
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Table 4. TA| 7} 937 FHAY) &S5 ¥} IR

- A 7H LEAT
1990 1995 2000 2002 2003 | 1990 1995 2000 2002 2003

FHAA 31 50 55 62 66 | 30 50 54 60 6.7
% % 03 03 03 03 02 03 03 02
g F 03 02 04 03 02 02 03 03
A F 07 10 16 16 07 10 15 15
wWooE 15 29 24 28 . 15 29 24 29 .
99271 02 05 05 07 02 04 04 06
ZleEH 02 02 04 05 02 02 04 05

12003 E e

PN
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DA
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(%)
13
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1

other ingredients
(medicinal herbs, etc)

714
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T B gt AEe &, gkel #d A

2] (descriptive analysis)< A A3}t

1) AAFL (judge)
HAFL S 3
A=z G 64, 944 732
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Hde F 630 Ax T A M= HAL dig kg o
dAdFo] i ojojal Zhap ARl 5% AlRE AlSdtal HAMEOE =
o7} o] FojHtt. FHA MM = Hol =Ed F SAC A
golet Haste] A5t HAFS T AEA Al
Aol e gt S disl 2dtt=s AAsta AAE &olok vlustglon, vH
A A AR BAMSAY 2dvsd gk HES dd ko] Eolw o] F
o] Ha 5¥HA A AE matching testE Ea HE2o9Y BAIEA ol Ax=
gofsta HEFHORE AR ARG E dd 3 FoE FI AAs AT mpA
T AddAME 2 APS A8 AEe} H=ol ofal] vl AR ARgel o=
2} As Sl 571 AlRE BHrrskdn 2F & Al of
28 HAY FAAAE T3 HAAE 67] ofEvidy FHoEE= A
F3e(pungent), <3 &% (alcohol), FLF(fruit), TI(aromasw), IHFAT
(hanyak), 7% &(yeast), 7719 9 &dHo=Z= Tok(sweet), A8 (sour), T}k
(frufla), ®-2"t(astrin), &9k (bitter), $HoFA]g9k(hanyakt), 75 9t(yeastt) 22 1 A
olo} AbgH ~®it= Table 63 U}

3) 489
¥ oAgelAE AR Al Y BEER Zessel FYd Fehay g

Ae(18-21 C)e 2 AANEHUAL. AAE AZE Williams' latin square Hol 93

jasid

2

I
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AR EAdel eakE Azsatge 4 ARANAE e ddsa As
AR AAE Y, 107 A5l 38 W AP 9la) F 638 B Aol ol
FolAth AANA AME hrolm 94 HEQ : BEs] Ok, 5 WE, 9
S wE el el 4 54 3B FuE FHAES gk 49 2429

Wb BEE PN ol old HAke PHAE Hawow Hyn

4) BAEA

B AR /Ll
AH B

(Analysis of variance), #3734 (correlation coefficient) ¥} 5=

(Principal Component Analysis)< SAS (Statistical Analysis Systems)

for Windows 7.2& o]Fo] it}

Table 6. Sensory attributes, definitions and physical standards

Attributes Code Written definition Physical standards
pungent pungent nosefeel of pungentness 2mL vineger and 100mL DW
alcohol alcohol alcohol 25% (W/V) Ethanol
fruit aroma fruit ripe fruit aroma like pear grinding pears 15g in 100mL DW
sweet aroma aromasw caramel, sweet grain syrup 25g in 150mL DW
medicinal herb

hanyak medicinal herb aroma Ssanghwa-tang 100mL + 100mL DW
aroma
yeasty yeast yeasty, moldy Makkoli 60mL in 100mL DW
sweet sweet sweet sucrose 6% (W/V)
sour sour sour tataric acid 0.25% (W/V)
fruit flavor by . L. Lo .
mouth frufla fruit taste similar to pears grinding pears 15g in 100mL DW
astringent astrin astrin aluminium sulfate 0.1% (W/V)
bitter bitter bitter Aluminium sulfate 0.1% (W/V)
medicinal herb hanyakt mdicinal herb taste Ssanghwa-tang 100mL + 100mL DW
yeast taste yeastt yeast taste Makkoli 60mL and100mL DW
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D o A4

. Brixx= ATAGO HAND
OACHWH(13)ell <J3l 33]
NhE SAs Y. e 01%6}01 Mg AAANZ E=FE 01 N NaOH= 4
Asle] pH 827kA ZHA S tartaric acid (g/L)E YEFAAT s A2 A
hand refractometer(Model N-1E, ATAGO, Japan)S o] &3t =A3l¢c}. ofv =
AHE= Formor AW (A% 7lsdT4 & - oFF A FE)S o]&3 10ml=
# 3] phenolphthalein A|A|¢F 2~3 W& 7lsle] F3ksk & FA formalin &<
Smls 7Fete] el ofviedts % FEAFLZFoR FA4Y 01N NaOH &

m

doz FFAe Y wd 449

o]
T
@)
=]
o
=]
=
)
A,
@,
ey!
>
e}
=
)

[o

>~

el

o

2

A\

ol

o

>

l—

2) A A
ZA % (coloring degree)= AlEE 430nmeollA FHE=E SAHTIY, T3/

T

o] FA(mm)x100] 93] AF&EstAth xR E4(ultraviolet absorption)E A 52
SHT= 258 3Aste] 280nmelAd FHEE SAHs, FE=/49
(mm)x10x 3] A uj<po] o3 AbEstAth. A== A XA (HunterLab  ColorQUEST
IHZE o] &3 3HA =43 Hunter scaledl 93] L(H%®), a(BM%), b(FAx)gk
o= e ATH

o sk DNSHel gt #3998 DNS(35-dinitrosalicylic  acid,
Sigma Co., MO. USA)®} Rochelle salt(Wako, Japan)® 2Asle] UV/VIS
spectrophotometer (JASCO V-500, Japan)E ©]-&3}o] 550nmolA =33t A
ZFo FFF D-(+)-glucose(Sigma Co., USA)E o] &3le] eJi-FF=Hoz A}
A Th.

(=)
Ho
~N
2
Mo
1
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F712H& A2 E Bio-Rex 5 anion exchange resing ©]-&3dto] &S A A3
H, 20% sulfuric acid 2ml<  ZFs] X 3$Ete] A2 ¥ 045um  syringe
filter(XPERTEK) 2 ¢ 3}3}o] HPLC(Jasco, Japan)® ¥4]3l4t}h 48 columne
Bio-Rad Aminex HPX-87H(300mmx7.8mm)E “&2tsto] AL&stdom o5/
0.0IN sulfuric acid& AF&3t9t olsde &&5E5%+ 0.6mL/min, column oven

2 %= 35T, injection volume 20pLe]w UV 210nmol| Al 2] 8} 31t

8 Fe AEE 045mm syringe filter® o33 % HPLC(Jasco, Japan)Z
o] &3t BEAslgtt EAE columne Bio-Rad YMC-pack polyamine II(250 x
46mm 1. D)E skl A&kl o] Acetonitrile : Deionized water (75
D252 AMEEY T ol BALY] &84 %E ImL/min, column oven &%+ 30 T,
injection volume 10uLo]™ RI(Refractive Index) detectorE o] &3}o] B3¢

o,

AR ) EE 2AG ARE BARAL o58a SYEA AEE $

=
g 1050 dEdFE ddez A AR AlxA 2 AH= Table 5 <

AW FF v AE B AlF] oie vz 7lEE 2ARE AWk AR
ZALE AAEIAT ARAE A EATL e dFdS gidew g o
He 1Hste FAFEYS ol&sd AFol U EEE 97 VEE AE
9% =2 Fh 53 FAE A% Fo), 14 S22 Arhel o8 FrtEAn
AFe] BA=rp &EA A & blind 203 AFL BA= AFRIA 5o =27
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o] AA ¥ informed ZZ1atell Al Zbzke] AFe] 7S s AT ©olE F3l
AFe] BA=rt 7|5k vAE @3S ottt 71Sx9 gEol AFe T
mjej At ARSI T 2 AW A7E & Hel oA C R o] 3 WA AMAdd =
blind ele] AFo] 715=ek FufolrtE F HA A4 A= informed 7l Al
wol 7awet FujeatE Hrbstlv Alge A2olA dEER 27 ek

g Ao AAEAL HAAILE William's latin square® ol o& AGEA AAJE A
o digl ABrietAdrt sk Lvjate] gis] FR4A0 2 S8y He] ik ez

ARl AlEol W FAIE AAEATE SAS (Statistical Analysis Systems) for
Windows 7.29} Unscrambler 9.1(Camo, Norway)< ©|&3to] FAHEA (Analysis
of Variance), 7}olA#7AA, PLS regression analysis® A&tk +HEAL

Ward linkage®} Euclidean distance®] WIS Fo] SASE o]&35}o] o]Fo Mt}

ox, mb
o
ox
o
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jubad
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st FEH 2 9t stoll =l # % SAFE (Solvent
assisted flavor evaporation)®¥® & AF&331th. SAFER A (Fig Dol #¢s 7hsha
HAEFF A E 100mlS distillation flaskel]l ¥ i water bathell A 40745C =2 714



ol bl oal AR distillate flaskoll Al AA A 2o o) EFHH
v 32 distillation flaskel ##gk & ez @A ®oh distillate flaskol
Wz 23" AR FEES 204 FIo]a flaskel 50mle] dichloromethane
S Yol FWARS dichloromethaneZ 0 2 &7| shaking? A< 1A7F &3t}
4 Zd7]5 o] 83}9 dichloromethane 2 & Z(non-volatile)¥} #2311 &

r
L

=& distillation flask(W] 3¢ F)el  7Fste] 10T w¥7dare] H#sh
Dichloromethane3-¢ll Sodium sulfate® 7}stal 12A13b&<F 5Co WAgare|A B
oy, =8-S A A vigurus columne A&7} @7 flaskol]l A3t 50C= 7}
d3le] Iml 502 FFS drh v YA RS rotary evaporators AF-g31e]

sz
o,

it
i

)

NCE 7tE3sle] ImlsEEo® 5=

Fig 1. SAFE instruments outline

SAFE-Apparatus used for the
isolation of aroma compounds
by high vacuum distillation
{Solvent Assisted Flavor
Ewvaporation, Engel et al.,
Eur. Food Res. Technol.,
1999, 209: 237-241)

A dropping funnel
E  heatable SAFE-apparatus
C  distillation vessel

D water bath (40 C)

E magnctic stirrer
F
G
H
i

to high vacuum pumg
safety cooling trap
with liquid nitrogen
vessel for distillate
cooling trap with
liquid nitrogen

J. K laboratory lifting
platform

) &) 9 v 3 Ji el £8 (Fractionation)

=

Glass column(15cmx1cm)el silica gel(70-230 mesh)& =3

of

S
£l

[u—
=
1o,
off

=29 8U)|FEES loadingdt}. pentane¥ ethyl acetate? HE&S mld =
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100/0(Fraction 1), 95/5(Fraction ii), 80/20(Fraction iii), 50/50(Fraction iv),
20/80(Fraction v ), 0/100(Fraction vi) ¥ 1 vFA " 200mle] acetone(Fraction
VviDE & 79449 B E FAH XY Fractiong 9Etvh 7719 fractionsg rotary
evaporator® ImlzZ H=FA17]12 GC/MSE AAEAS GC 6390052 A A3

| "t} SAFE(Solvent assisted flavour extraction)® el s &2ld nH]3¢
MBS rotary evaporator® ImlZ FEA71th o]E XA-2 resin® 2 E73F glass
column(40cm=3cm)ell  7Fgtth, 1000mle]  Fraction & vl H] & (water/methanol)<
100/0(Fraction 1), 95/5(Fraction ii), 80/20(Fraction iii), 50/50(Fraction iv),
20/80(Fraction  v), 0/100(Fraction vi) ©& 3tz wx]49  1000mle
acetone(Fraction vi)< glass columnol] &4 o2 715te] FE2ES A=t} 7749
Fractions< rotary evaporatorg ©]-&3to] FHujs & AAS FE7HA] FFA]

2,

3

ZHAste] Ao FEEo ks &4 S aldehyde/carboxylic  acid
assay s Alg3sle] =A3 vl Aldehyde/carboxylic acid assays  aldehyde7}
2bshel] 98l carboxylic acid=e] ¥ ste] A JFES o] &gt AF Wjo|rt. &

7] #%%& (Fractioni “vi)e} GC WHFXFEZ 24 undecane (0.2 mg/ml)7} &

-

3t=l hexanal (3 mg/mL)S 2ml volumetric flaske]l ¥ 3 dichloromethane& A
43t mess—up¥tth Sample 8 ml ¥& vialol Ho} 60C=Z 107 & 2A
g3 5 3093 AW2=15T)= Ager. ZF W% viale A 10¢3E
AF2A(15 mL/s, 2 s)& purging?dth. Hexanal® ZA#E 10Y 7HtZ oz &
I hexanal®] A% E4L& flame ionization detector (FID)7} H2#¥H ga
chromatograph (model 5890, Hewlett-Packard, USA)<S A}-&3%t}. Hexanal &
ZS 93 GCY ¥4dzHdoez AHWE HP-1 capillary column (0.32 mm LD. x
30 m length, 0.25 pm film thickness, Hewlett-Packard, USA)S A}&3l3aL
injector =%9} detector=%% Z}zZ} 300C, 230Col At Oven 2%+ 40Tl A
8 A BE 29 5T= 180T7HA &1 F 180ColA 1083 frAlstes

stttk $H7]AE heliumS AFEE, F%5S 15 mL/minZ 143k on

=

2~
T

s
e
_O|L

142]
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split ratio® 20:1=2 1uL FY st}

7t =23 H] 39 FractionsS methanolo] o] sample® W=t} T-tube

o tris—buffer(0.5M) 500ul, KCI(IM) 750ul, SDS(10g/1) Iml& A= Y&t 2

% samples 300ug/mle] F=& @F7] 3 7+ Fraction®] uld ¥+ FeCl
(0.0IM) 100ul, H20:(0.3%) 23ulE %olFth AbstAlZ A4kl cod liver oils
0ul ¥ol&E & =HFZ 7tk 37CAA 16717417 A% overnight A 7] 3L 9]
uf 3}&A Wkgo] doJupLE shaking AlAFTh N-methylhydrazine2 30ul 7}3k
& A1 7HE¢E shaking 3t} ojwe] &xE AL o2 & 160rpme £EE dH)
Z)upake]l Atst 2 AAlEl Malonaldehyde”} 1-Methyl pyrazole® ¥ $k¥it}h, SPES
ALg8] &S mlygF =, SPEE C18 7}E8 A& ethylacetate, methanol, water
A2 5ml¥ F W ¥WolX conditioning AlA Ut Fractione &3] 92 Fraction
samples t 2ol Tt} Waterg Smlde] = § ethyl acetateE 5ml¥ 21H o
st} o]u] ethyl acetate® Y2 ¥ WYL+ FE5US W1 Internal standard=
A7) 28l 2-methyl pyrazineS 20ul ¥ o]st}. ethyl acetate 10ml= mess up
3k GC6890(NPD, Split 20:1, oven temp 60C7180C)=E &AtslsS <l

o

[¢]

o

=

A=
44 L AR

3)

o
ol
M
_ll
1o,

SRR

flo

Fractionation ¥4ollA &gt g F7] e AHA
chromatograph (model 5890, Hewlett-Packard, USA)9lmass selective detector
(MSD, model 5972, Hewlett-Packard, USA)& 23 GC-MSD system< A3}
Aok F7l AR AT A"Fe AT GCo BAxder #HE2 DB-WAX

gas

O

bonded-phase fused-silica capillary column (0.32 mm ILD. x 30 m length, 0.25 u
m film thickness, ] & W Scientific, Folsom. CA)& A}F&3}9 1L, injector &%+
250C, Oven &%= 50TCA 2&3F FA3 t& #% 3CE 200C7HA 2%
250°Cell Al 1023F FA 8 eS sFvh 87] A= helium$s AHE-aFlaL, 3
& 44 ecm/sE AR splitless modeZ 1pl. FY8tF . 2813 &)

AL 93t MSe EA zpHo® MS ionization voltage:= 70 eV, source

I

F:U

[e]
T

oX,
o2

=]
RN

temperature= 200, interface temperature= 2807T, mass spectrum scan range+
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50 ~550 m/z = STk g7 A E2 Kovats gas chromatographic retention
index I ¢ AA g3 wuwg F ZF A9 Mass Spectrometry (MS)
frgmentation, Willy 6th edition MS spectra library ¢} A A &3 Hluste] A
4 EA

Fractionation I}AoA] &gk w3t AHE] F2Ao| High Performance

M600 controller, Waters™ 486 Tunable

Liquid Chromatography; Waters "

Absorbance Detector, Waters™

717 plus Autosampler, Column temperature
controller& ©]-&3} %

HPLC column < waters xetrra Cl8 columnes AF&3t31 2™, Column
temperature= 40CE FX8F9 1L, o4 22 0710+ ; AB = 40:60, 10725% ;
A:B =50: 50 25730+ ; 0:100 91 Gradient elution condition 714 flow rate <=
1.0ml/mine. 2 &85} ( o] % AFA: water / acetic acid (98:2), B: water / acetic
acid / methanol (34 :1:65) ) Al AL 20ul® FYUA L, FHEE 280nmeolA =7

sttt

ME stetgo] Fitsts EAS 74 BYoAe 4 AdE HA 7HE

%S5 Sigma-Aldrich
Sl £ESE AFH  F]dste] Aol AEstd. 8% 3-furaldehyde,
benzeneethanol, ethyl benzene, 3-pyrrolidinol, 2—-furancarboxaldehyde,
2(3H)-furanone, 2-furanmethanol, 4-ethyl-2-methoxy-phenol ©]$ith. z+ 3}3sh= <]

Frrsts EHE FVIgRe] Fatste A AAEEHAY dus|=/rtEEdA =

==

ot
2
ot
olr
o,
Hi
le}
S,
o
it
2
ox
i
rlr
o
i
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BN
e
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r
ot
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of\
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A AF el AbgE 75 Ao S 9, BAREA, olgtsty 54
2 7la% Bl Agd AZFFE 1050 AFEE g4 EI Ex & skE
Aot B gk A F o kRt d A sl TAE A8 Ths A 5& ARk 1
Ao 2759 SHokA H k& A E diE] gAkss EAS AAISAT 1A A
W 7154 &A= Table 73 2ok 13 AdE 2A] stEwdd Raud 74
& AbeS Table 83 2t}

71%54 Ao daksls 224& 1 1-diphenyl-2-picrylhydrazyl (DPPH)S ©]

£33t BEAEn. Axd oFAlE mixer”7] (Philps, barblender plast.&chop)el A 5
BEAL Esle] o] BEHEZF 5g& distillation flaskol 2Z+z ¥ i1, water, 15%
1

ethanol, 45% ethanol 22t 100m¢% % o] hot-plateol| 4] 80T o]l 90& <t
magnetic barg ©| &3] wWHtslHA FE=3A Y. W4 & filteringS 3, A &EE
Zvzk 20, 100, 500, 1000 ppm(ug/ml) T9I=Z A ste] EA ] AL&3FS T
2,2-Diphenyl-1-picrylhydrazyl (DPPH, Sigma, Mo, USA)& ol&2(LC grade,
Sigma, Mo, USA)¥} £9] 50 : 50 &4 o= DPPHA°F(152 x 10 'M)S A &gt}
DPPHA ¢F 45ml¥} A& 05mlS vortexZ &§ate] oFAaolA 208 FeF wk&A 7

% 517nm 3¢ UV-vis spectrophotometerd] A &3S A5

o
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Table 7. Selected functional medicinal plants and herbs for antioxidant test.
No. General name Academic name No. General name Academic name
3 2 S
1 Scutellaria baicalensis 15 Fraxinus rhynchophylla
(Skullcap) (Fraxini cortex)
g Tl A
2 Angellica gigas Nakai 16 Salvia miltiorrhiza Bunge
(Korean Angelica) (Dan-Shen)
3 @ 9 A
3 Coptis chinensis 17 Ganoderma lucidum
(Jeffersonia Dubia) (Ganoderma)
4 2 v =} Schizandra chinensis 18 BT Tarxacum plafycarpum H.
(Korean Schisandra) Baill (Taraxaci Herba) Dabhlsfedf
5 & Epimedium koreanum 19 3 A Polygonatum odoratum
(Epimedii Herba) Nakai (Polygonati Rhizoma) var. pluriflorume
A el %
6 Cuscuta japonica chois 20 Hypericum ascyron
(dodder) (Ecliptac Herba)
=y = . .
T = Eucommia ulmoides A =
7 ) 21 ° Lonicera japonica Thunb
(Eucommia) Olive (Japanese Honeysuckle)
a3} Mentha arvensis Var. 2] A} A
8 . 22 Gardeniae Fructus
(peppermint) piperascens (Gardeniae Fructus)
2 g Teucrium veronicoides o] Al =
9 ooc ) 23 ° Houttuynia cordata
(Agastachis Herba) Maxim (Houttuyniae herba)
o F Cnidium officinale AR
10 /7‘ 24 Cornus officinalis Siebold
(Cnidii Rhizoma) Makino (Japaness Cornel)
w =
o=
! - & Achyranthes japonica
11 (Japanese Atractylodes ovata 25
p . . .
(Achyranthis Radix) Nakai
Atracty-lodes)
27} LR Liriope platyphylla
12 =0 Lllicium verum 26 e pe plabphy
(Stat-anise) (Broadleaf Liriope) F.T.Wang
s RS
13 (Japanese Atractylodes ovata 27 Tl Poria cocos
(Hoelen)
Atracty-lodes)
235
14 © Anethum graveolens
(Dill)
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Table 8. Estimated efficacy of selected functional medicinal plants and herbs for

antioxidant test. (source

: www:/labfrontier.com )

Sequence Name Efficacy

| 3 = o] ok &£ME Fo Fulg Uizl otk Euiel Ao i, el A s
(Skullcap) HG, ol AALolH B AGAR o] &t k& AER Aujgch

2 g o] o2 FHe7e Hem vt Z AU Al U= vhdzxelth FH, E9,
(Korean Angelica) =& Agsted 21 e w3l 7§55 AstA gt

3 g FTa Aol Aokgow EutetelA AujETt FLelA = HElE AHH 3
(Jeffersonia Dubia) 91774, &4, &3t 52 Tl o LstEw, 99, Fd, 555 ALt
0.1 7} Qu Atz Algbe]l ek Aow F& euitddie] wel] xRtk AE2AEE 9 AR o

4 - . Solgle] A AsA sta FekS e dEs gofFo] FAAR &
(Korean Schisandra) 71550 el s /18 255& Arshd mgol Hrh

5 =% AV aselA Aete Aom AL TR ATEAR Uk UM =
(Epimedii Herba) ARk, AF, sl2HE ol A&t

6 EARA} W S Begy] £& WA AT Ve = A E B dFe
(dodder) ofAlolth, 3 Ty AmoE ZHIE
- = FTHEAA Foln] AT SolA] Atk @l A= YA S Beof, FFAR 2,

7 e gHE EESA S, sk FERe), $HFE BaUn. WAL AL 2ol
(Fucommia) AAE Al 23 ARE Bg @,

3 Eigs F7195= BollA At wek(ilE)E A4 Aol i IEAEE Asuh w3,
(peppermint) ARl E2Eg ) WEzhge] gt
- FAEE RxEHdE, Y7 E, gRden, St o= oM™ FF o] Stk

9 N A9l FEo, asfek, A, A4, AW, FE A4 Sl mol vk ¥R,
(Agastachis Herba) zopzmoto 2 gl 9

10 q = vjvelopate] vpdA xR ow FuFP o] olvk R, A, MPfow
(Cnidii Rhizoma) WNEFWEd45e, A Sd Asad7t ok
W =
B Ao EE obgd AR e 2a g olmzE dhH, T F, AFd, ¥-Fol

a Uapancse wdlol gtk WA B el
Atracty-lodes)

12 e Ea FTaEAGY FEFEe] e BEHEN s R ALEHT o9&
(Stat-anise) AAARNTETE, BUER, AF A5 0k, HEY FES 7MY
T = Arge] Fatate] olejsjdto]l EEM, Wl Au dwsiy EAHos F34 gl

13 (Japanese o] Z7|Welg FFolet gl WM E HEAR 2oli, FF, o=, 7T Fol
Atracty-lodes) 231tk

14 23] E7RAA N S5 Fo] vrR 5153 Abggh A= AT,
(Dill) HA A7 Holuar FHAAAS} FHP ST ool Frh
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(Fraxini cortex)
(Dan-Shen)
(Ganoderma)
(Taraxaci Herba)

Sequence
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16
17
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Table 8. Continued
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A Ee] g R
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Yt 23}
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2=
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2=

[ =
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wa,
q7k Fwel 7]

=5

ek

A=

Aof B
(Japanese Honeysuckle) o] it #}-8-0]

19

o,
A

ol

N

12
(Gardeniae Fructus)

1

(Polygonati Rhizoma)

(Ecliptac Herba)

[e)
A

bt
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al
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(Houttuyniae herba)
(Japaness Cornel)

(Achyranthis Radix)
(Broadleaf Liriope)

(Hoelen)
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= drds dWder A, d9s 2yste] SEFEHE olEsdth Al o

L3 7EEe o VEEE 94 VEE HE (9%

;
;

—_>i"4
a
ro
~
fol
=
1=
o
N
fol

o p=!
Aatr], #dF A=, dut A= Agt Ameh FdepAd F== just ablut right
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Table 9. Mean sensory attributes intensity ratings1 for ten yakju samples as determined

by descriptive analysis from a panel of 13 judges over 3 replications. Sample and

attribute codes are defined in Table 5 and 6 (pg. 29,31).
LSD
(5%) soogok jinmae googi baekse wang  baekil cheongo chrys sogok sasam
pungent  0.93  4.84™ 507"  3.92°° 464" 400 405"  4.02°° 353 456 3.76%
alcohol 0.81 482" 460"  3.69°  441° 353 479 335 423 594 402"
fruit 1.06  3.84°° 426  443° 425 548" 394 717 3.05° 3307 258
aromasw  0.89  4.12°  431°  512® 425 530" 471 6.51° 353 353 343
hanyak 098 3339  3.55° 325 387" 248 348 238 610" 3.92®° 482"
yeast 092 4170 413" 3.74% 4200 3.2 530° 220 530" 5.66"  6.20°
sweet 0.84  5.07° 639" 505 479" 435 317" 541" 561" 402 261
sour 090 533  531™ 620 453 474" 517" 461" 292° 458 343
frufla 0.99 443"  6.05 458" 389" 420"  2.69% 5.82° 3159 241 1.79°
astrin 0.78  3.46° 294 3357 3.66™  3.69°  4.48° 328 294 435" 4.94°
bitter 0.75 410" 410 420 556" 5.41° 3,02 3.66° 2530 615" 3.74%
hanyakt ~ 0.96  3.89°% 3.89°% 435 469" 417 2.9f 335 3207 487" 5.69°
yeastt 0.87  438% 438" 464"  551™  520™  297° 430 338° 584" 517"

1)Very much weak(1l) - very much strong(9)

?Means with the same letter in a row are not significantly different at p<0.05 level by Fisher's least

significant difference(LSD) test.
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Fig 2. Mean intensity ratings of yakju samples intense in fruit, sweet aroma (aromaswt)

sweet attributes. At the origin intensity = 0; at the perimeter intensity =

(5%) for each attribute is given. (n = 14 judges x 3 replications).
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Figure 3. Mean intensity ratings of yakju samples in medium intensities of all sensory

attributes.

each attribute is given.
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Figure 4. Mean intensity ratings of yakju samples intense in bitter, yeast, astringency,
yeast taste attributes. At the origin intensity = 0; at the perimeter intensity = 10.

LSD (5%) for each attribute is given. (n = 14 judges x 3 replications).
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Figure 5. Mean intensity ratings of yakju samples showing differenct sensory
characteristics. At the origin intensity = 0; at the perimeter intensity = 10. LSD (5%)

for each attribute is given. (n = 14 judges x 3 replications).
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Table 10. Results of the three-way mixed model Analysis of Variance for descriptive

data of 10 yakju samples (n = 13 judges x 3 reps x 10 liquors).

Attribute Rep Judge wine Judge* wine Rep*Judge  Rep* wine

pungent F value 5.84 9.49 2.26 1.81 1.84 2.38
Pr> F sk sk * seoksk * k3

alcohol F value 4.98 6.26 6.91 1.32 1.25 1.93
Pr> F * kkokok kskoskok * ns *

fruit F value 0.65 6.08 12.06 1.86 1.16 0.48
Pr> F ns skl ek sk sesfesk sk ns ns

aromasw F value 0.38 9.38 9.09 1.88 1.45 1.60
Pr>F ns sk skkk skkk ns ns

hanyak F value 0.05 13.69 9.61 1.79 0.64 1.04
Pr>F ns sfeskoskok seslesk sk sfeokk ns ns

yeast F value 0.64 12.78 13.74 1.69 0.84 1.64
Pr>F ns Kk ok sokkk ®kk ns ns

sweet F value 1.99 7.00 14.12 1.59 1.52 1.31
Pr> F ns kkokok skskoskok k% ns ns

sour F value 2.08 13.57 8.57 1.78 1.35 1.47
Pr> F ns sk ek seksk ns ns

frufla F value 2.64 6.43 15.62 2.03 0.82 2.03
Pr> F ns kkokok skskoskk skskoskok ns ks

astrin F value 0.43 6.98 5.77 1.64 2.97 1.63
Pr>F ns sfeskoskok seskeksk sk kosfesk sk ns

bitter F value 0.80 7.88 20.80 1.36 1.61 2.40
Pr>F ns Kk ok sokkok * * k%

hanyakt F value 1.58 10.46 7.37 2.03 2.15 1.65
Pr>F ns sfeskoskok seskeksk skeskeosk sk sk ns

yeastt F value 0.36 10.99 9.95 2.36 1.89 2.16
Pr> F ns sfeskeoskosk ek sesfesk sk ek k3

df 2 12 9 108 24 18

a .

ns= Not Significant, * = (p < 0.05), ** = (p < 0.01), *** = (p < 0.001) , **** = (p <
0.0001)
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Table 11. Matrix of correlations for sensory attributes of yakju samples profiled by

descriptive analysis (n = 10)

attributes pungent alcohol fruit aromasw hanyak yeast sweet sour frufla astrin bitter hanyakt yeastt

pungent 1
alcohol 0.53 1
fruit 0.02 -0.58 1
-0.65 0.96
aromasw  -0.11 * (%) 1
-0.79  -0.80
hanyak -0.35 0.26 1
-0.94  -0.89 0.76
yeast -0.14 0.61 1

sweet 0.38 -0.15  0.36 0.26 -0.10  -0.57 1

-0.73
sour 0.49 0.03 0.35 0.46 *) -046 0.22 1
0.72 0.67 -0.86  0.82
frufla 042  -040 -0.59 0.51 1
*) *) (GO RN G
. -0.97 -0.80
astrin -020 030 -0.40 -0.32 0.08 0.61 -0.18 1
. 0.79 -0.86 -0.89 0.91
bitter -0.13 0.52 -0.59  -0.59 0.36 -0.44
-0.73  -0.76 0.87  0.79 -0.76  -0.83 0.64
hanyakt -0.41 0.37 -0.41 0.37 1
* *) (G0 I G ™ ¢ *)
-0.77  -0.77 0.65 0.89 -0.73 -096 0.72 090 0.87
yeastt -0.27 0.51 -0.60

* = (p < 0.05), ** = (p < 0.01), *** = (p < 0.001)
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Fig 6. Principal component analysis of descriptive data for ten yakju samples. Samples

(underlined) and attribute codes are defined in Table 5 and 6 (pg. 29,31)
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Table 12. Physico-chemical properties of ten yakju samples

soogok jinmea googi baekse wang baekil cheongo chrys sogok  sasam
4.48
3.55 3.55 3.61 3.77 3.71 4.04 3.51 4.34 4.59
pH (£0.04)
(x0.01) (%0.02) (x0.01)  (£0.03) (£0.01) (x0.01)  (+0.01) (+0.01) (0.02)
Bri 8.63 7.17 6.13 11.5 11.1 11.1 9.77 12.33 19.70 10.8
rix
(£0.15) (+0.12)  (+0.06) (0) (x0.2) (*0.1) (+0.12) (£0.15) (+0) (+0)
TA (@) 6.68 8.02 5.3 4.78 5.05 7.8 3.57 4.15 6.47 3.69
& (£0.86)  (£0.1) (x0.22)  (+0.03) (%0.3) (£0.13)  (+0.16) (£0.22) (£0.07) (0.17)
amino-acidity 32 8.8 9.5 42 10.5 33.0 22.8
(mg/mL) (+0.5) (+0.6) (*1.0) (+0.5) *0.9)  (£1.0) (£0.3)
Reducing sugar 1.04 0.39 0.23 2.71 1.78 0.70 1.33 2.79 4.36 1.94
(g/100ml) (*0) (+0) (*+0) (£0.02)  (0.01) (*0) (+0.01) (£0.02) (£0.04) (0.01)
L 86.65 82.73 75.16 87.93 87.31 79.75 84.72 83.64 78.82 84.17
(0.1)  (x0.06) (x0.01)  (+0.01) (+0) (x0.01)  (+0.04) (+0) (£0.02) (+0.01)
| -2.13 -0.05 3.27 -1.30 -1.51 -0.34 -0.03 -1.59( -0.29 -1.96
color a
(£0.01)  (+0.05) (*0) (+0.01) (+0) (*0) (+0.01) +0) (*0)  (£0.01)
b 18.73 14.35 29.87 17.56 18.23 24.47 23.16 23.37 31.1 22.78
(+0.03) (+0) (x0.01) (0) (x0.01) (*0) (+0.01) (0) (£0.01) (+0.02)
coloring degree 0.21 0.49 0.45 0.14 0.16 0.28 0.22 0.25 0.37 0.24
(430nm) (*+0) (0) (*0) (0) (+0) (*0) (=0) (=0) (+0) (+0)
Ultraviolet 9.25 7 7.5 12.25 10.25 26.25 8.75 25 24 16.5
absorption (0.01) (+0.01)  (+0.02)  (£0.02) (£0.01) (x0.03) (+0.01) (£0.01)  (£0.02) (+0.01)
citric
. 0.8 - 0.84 1.13 0.87 - 0.96 0.79 1.12 0.97
acid
malic
i 0.83 0.9 0.88 0.91 0.75 0.85 0.85 0.83 0.88 0.79
organic at
acid succinic
. 1.34 2.87 2.38 3.03 2.72 1.07 3.23 1.94 3.81 0.9
(mg/ml acid
) lactic
. 1.12 1.62 2.19 1.22 1.95 0.83 2.01 1.17 2.01 1.24
acid
acetic
. - - - - 0.8 - 0.8 - 0.8 -
acid
sucrose 0.26 0.17 0.25 0.57 6.75 1.47 1.06 1.83 1.91 0.43
sugar
(mg/ml glucose 243 - 0.11 18 76.63 35.79 4.60 15.68 15.77 27.21
)
fructose 2.99 1.02 0.45 8.68 2.35 13.62 3.56 13.24 21.37 -

* Average of three replications. Standard deviations shown after +.
- : trace amount
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Table 13 . Means, ranges, standard deviations (SD) and coefficients of variation (CV)

of physico-chemical properties of yakju samples (n=10)

mean min max SD cv
pH 3.92 3.51 4.59 0.42 0.11
Brix 10.82 6.13 19.70 3.70 0.34
TA 555 3.57 8.02 1.62 0.29
amino-acidity 1.31 0.32 3.30 1.08 0.83
color L 83.09 75.16 87.93 4.09 0.05
a -0.48 -2.13 3.27 1.63 -3.37
b 22.36 14.35 31.10 5.34 0.24
Abs (430nm) 0.28 0.14 0.49 0.12 0.42
Ultraviolet absorption 14.68 7.00 26.25 7.68 0.52
reducing sugar 1.73 0.23 4.36 1.28 0.74
citric acid 0.94 0.79 1.13 0.13 0.14
malic acid 0.85 0.75 0.91 0.05 0.06
succinic acid 2.33 0.90 3.81 0.98 0.42
lactic acid 154 0.83 2.19 0.48 0.31
acetic acid 0.80 0.80 0.80 0.00 0.00
sucrose 147 0.17 6.75 1.97 1.34
glucose 21.80 0.11 76.63 23.61 1.08
fructose 7.48 0.45 21.37 7.23 0.97
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Table 14. Matrix of correlations for sensory attributes profiled by descriptive analysis

and physico-chemical properties of yakju samples (n = 10).
. Uv
coloring .
PH BRIX TA AMINO RS L A absorptio
degree
n
0.66
PUNGENT -0.38 -0.05 * 0.13 -0.07 0.18 -0.21 -0.45 0.26 -0.39
ALCOHOL 0.48 0.63 0.63 0.69 0.48 -0.24 -0.18 0.22 0.28 0.52
-0.70
FRUIT *) -0.29 -0.20 -0.60 -0.32 0.20 0.21 -0.16 -0.19 -0.54
-0.71
AROMASWT *) -0.42 -0.16 -0.63 -0.49 0.03 0.37 -0.05 -0.10 -0.52
0.70
HANYAK *) 0.28 -0.22 0.30 0.43 -0.05 -0.24 0.14 0.01 0.61
0.86 0.74
YEAST 0.47 0.16 0.67 0.42 -0.25 -0.25 0.30 0.12
**) *)
SWEET -0.59 -0.38 0.11 -0.50 -0.23 0.10 0.32 -0.37 0..31 -0.49
-0.66 0.69
SOUR -0.45 0.58 -0.18 -0.60 -0.40 0.05 0.46 -0.53
*) *)
-0.89 -0.79
FRUFLA -0.62 0.13 -0.71 -0.55 0.15 0.31 -0.46 0.23
ASTRIN 0.62 0.46 -0.01 0.61 0.29 -0.13 -0.35 0.36 -0.20 0.47
0.78 0.68
BITTER 0.63 0.03 0.73 0.50 0.03 -0.54 0.25 -0.28
) *
0.84 0.67 0.79
HANYAKT 0.59 -0.27 0.43 0.06 -0.46 0.28 -0.32
**) ) **)
0.88 0.66 0.79
YEASTT -0.04 0.67 0.61 0.04 -0.52 0.25 -0.30
(**%) (*) (**)
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Table 14. Continued.

CITRIC MALIC SUCCINIC  LACTIC SUCROSE GLUCOSE FRUCTOSE

PUNGENT 0.42 0.54 0.34 -0.01 -0.29 -0.23 -0.14
0.71
ALCOHOL 0.43 0.41 0.12 -0.26 -0.23 -0.18 *)
FRUIT -0.02 -0.03 0.46 0.51 0.28 0.08 -0.54
AROMASW
T -0.13 -0.05 0.29 0.48 0.23 0.07 -0.58
HANYAK -0.08 0.01 -0.34 -0.49 -0.26 -0.19 0.53
0.79
YEAST 0.20 -0.01 -0.44 -0.53 -0.24 -0.01 ™
SWEET -0.39 0.42 0.46 0.29 -0.15 -0.42 -0.54
SOUR -0.07 0.37 0.16 0..35 -0.14 -0.16 -0.51
-0.85
FRUFLA -0.29 0.29 0.41 0.41 -0.09 -0.24 *)
ASTRIN 0.53 -0.28 -0.35 -0.25 0.05 0.30 0.62
0.85
BITTER 0.49 -0.24 -0.38 -0.48 0.00 0.22 (+%)
0.78
HANYAKT 0.10 -0.15 -0.32 -0.53 -0.03 -0.04 ®
0.86
YEASTT 0.28 -0.29 -0.40 -0.54 0.10 0.27 (*%)

*=(p <005, ** = (p < 0.01), ** = (p < 0.001)
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Table 15. General Characteristics of the consumers (n=104)
Category frequency %
Gender Male 56 53.85
Female 48 46.15
20-29 32 30.77
Age (yrs) 30-39 35 33.65
>40 37 35.57
University student 2 1.92
Education University 21 20.19
> Graduate school 81 77.88
Marital single 47 45.19
status married 57 54.81
Smoking Ne\ier 71 68.27
status sometimes 5 4.81
perodically 28 26.92
Student 5 4.81
Office worker 40 38.46
Occupation Professional 53 50.96
Not work 1 0.96
Other 5 4.81
Under 100 26 25.00
Average 101-200 26 25.00
salary per 201-300 11 10.58
month 301-400 13 12.50
(unit #10,000) 401-500 2 21.15
Over 501 5 4.81
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Table 16. General consumer behavior related to alcoholic beverages (liquors)
consumption by gender
men women
Attribute Category X value
frequency % frequency %
average 10 /month 12 214
average 7-9 /month 7 12.5 4 8.3
drinking frequency average 4-6 /month 19 33.9 10 20.8 21.29%%*
average 1-3 /month 14 25.0 21 43.8
never drink 4 7.1 13 27.1
home 7 12.5 7 14.9
restaurant 45 80.4 20 42.6
Major drinking site beer store 3 5.4 19 40.4 21.71%%*
snack stalls 1 2.1
other 1 1.8
under 10,000 (won) 5 8.9 19 40.4
Expense for alcoholic 10,000 - 50,000 13 232 19 40.4
beverage consumption per 50,000 - 100,000 20 35.7 8 17.0 NS
a month 100,000 - 500,000 17 304 1 2.1
over 500,000 1 1.8
over soju 2 bottle 7 12.5 1 2.1
over soju | bottle 31 55.4 12 25.5
Drinking capacity over soju half bottle 12 214 13 27.7 20.19%**
over soju 1 glass 2 3.6 13 27.7
under soju 1 glass 4 701 8 17
soju 38 67.9 13 27.7
. s . beer 15 26.8 31 66.0
Major drinking liquor wine ) 43 14.44*
traditional yakju 3 5.4 1 2.1
soju 28 50.0 9 19.1
beer 16 28.6 20 42.6
L wine 5 8.9 11 234
Favorite liquor akju ) 16 13.61%*
traditional yakju 3 5.4 3 6.4
distilled liquor 2 3.6 4 8.5
like to drink liquor 9 16.1 1 2.1
for personal relationship 34 60.7 35 74.5
fatigue recovery 1 2.1
Reason for drinking liquor joyfulless/sadless 3 5.4 NS
stress solution 7 12.5 6 12.8
business 2 3.6
other 1 1.8 4 8.5
drinking usually same liquor 26 46.4 21 447
change on occasion 25 44.6 22 46.8
attitude when drinking select new liquor 3 5.4 3 6.4 11.92%%
liquors selecting which catch a eyes 1 2.1 '
counselling to salesperson 1 1.8
based on price and quality 1 1.8
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Table 16. Continued.

) men women )
Attribute Category X value
frequency % frequency %
drinking 41 73.2 20 42.6
. guest reception 9 16.1 15 31.9
purchasing reason . 15.98*
gift 5 8.9 12 255
other 1 1.8
soju 1 2.1
beer 1 1.8 3 6.3
wine 9 16.1 21 43.8
takju (makguli) 1 1.8
ite li i Korean traditional liquor Hok
favorite liquor for gift ' q 13 31 10 208 15.13
(yakju, etc)
distilled liquor
. 26 46.4 11 22.9
(whiskey, brandy, etc)
high alcohol liquor 1 1.8 2 4.2
relatives and friends 22 39.3 27 56.3
. . sales persons 1 1.8 7 14.6
sources for information )
. media (news) 13 232 5 10.4 5.45%
related to liquors .
advertisements 14 25.0 9 18.8
other 6 10.7
quality(flavor/taste) 51 91.1 42 89.4
brand 1 1.8
consumer interest when design 3 6.4 5 18+
launching new product price 1 1.8 .
advertisement 2 3.6 1 2.1
other 1 1.8 1 2.1
Drinking behavior drinking first than others 17 30.4 6 12.8
when new product drinking after popularized 37 66.1 37 78.7 13.12*
launched
other 2 3.6 4 8.5
no drinking 2 4.2
1 - 2 times 4 7.1 6 12.5
3 - 5 times 8 14.3 8 16.7
Experience drinking yakju ) NS
5 - 10 times 16 28.6 23 47.9
> 10 times 27 48.2 9 18.8
other 1 1.8
home 8 14.3 7 14.9
Major drinking site of restaurant 41 73.2 29 61.7 NS
yakju traditional bar 6 10.7 11 23.4
other 1 1.8
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Table 16. Continued.

men women
Attribute Category X value
frequency % frequency %
high quality 28 50.9 13 29.8
health 11 20.0 10 21.3
packaging / design 1 2.1
Major reason drinking as a Korea traditional
. . 10 18.2 10 21.3 NS
yakju liquors
proper price 1 2.1
other 6 10.9 11 23.4
other 6 10.9 11 23.4
low quality 1 4.8 3 15.0
bad brand image 1 4.8 1 5.0
high price 6 28.6 1 5.0
Reason for hangover after drinking 6 28.6 5 25.0 NS
not drinking yakju limited information 2 9.5 7 35.0
not proper with drinkin
prop £ 3 14.3 2 10.0
atmosphere
other 2 9.5 1 5.0
business reception 5 8.9 2 43
office dinners 19 339 26 55.3
. gift 7 12.5 8 17.0
purpose when selecting ) .
. enjoy with family and NS
yakju . 23 41.1 9 19.1
relatives
decoration of home 1 2.1
other 2 3.6 1 2.1
general food store 16 28.6 14 29.8
convenience store 3 54 4 8.5
liquor shop 3.6 3 6.4
Buying site NS
department store 7.1 7 14.9
discount store 22 393 18 383
other 9 16.1 1 2.1
low quality (flavor/taste) 13 23.6 13 28.9
lack of publicity/marketing 28 50.9 28 62.2
Reason for low market high price 6 10.9 1 2.2 NS
share of yakju insufficient product
4 7.3 3 6.7
development
lack of government support 4 7.3
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Table 17. Mean ratings, standard deviation, and rank order of importance to the
purchase of yakju attributes for consumer study participants. The rating scale ranged
from 1(least important) to 6 (most important) (n=104)

STANDRD

Attributes MEAN DEVIATION RANK
Flavor/Taste a 5.61 0.63 1
Price b 4.94 0.83 2
Purchases facility ¢ 4.38 1.15 3
bottle (color,size) ¢ 4.35 1.02 4
Alcohol content ¢ 4.25 1.26 5
Brand d 3.96 1.13 6
Recommendation de 3.74 1.33 7
Advertisement e 3.48 1.20 8
The place of production (domestic, foreign) f 3.10 1.21 9
Store display f 3.07 1.20 10

LSD(5%) = 0.284

* Attributes with the same superscript have mean importance ratings that do not differ at p<0.05
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Table 18. Percentage of consumers whose indicated level of familiarity for each yakju
brand falls within specific categories (n=104). For each wine, the largest percentage of

consumers sharing familiarity for each wine is highlighted

never have Have heard Have tried Have tried

yakju code heard of them of them 1 or 2 times over 3 times Drink regularly
jinmae 89.4 6.7 2.9 1.0 0.0
soogok 47.1 375 11.5 3.8 0.0
googi 70.2 17.3 6.7 4.8 0.0
backse 0.0 29 38 72.1 19.2
sogok 41.3 21.2 26.9 8.7 0.0
chrys 327 41.3 25.0 1.0 0.0
beakil 63.5 20.2 12.5 2.9 1.0
cheongo 13.5 19.2 36.5 27.9 1.9
wang 76.9 11.5 6.7 3.8 0.0
sasam 86.5 6.7 4.8 1.0 0.0
Sansachun — 4.8 18.3 69.2 7.7

Table 19. F-ratios from the ANOVA procedure applied to the hedonic liking and

purchase intend ratings in the blind and informed conditions (n=104)

F-ratios
Source of variation Degree of Freedom ‘ o Blind Informed Informed
Blind Linking Purchase . Purchase
Liking
Intent Intent
Judge 98 3.13%k** 3.08%*** RV 3.82%Hkk
Sample 9 14.82%*** 14.55%*** 23.84xHxk 26.65%***
Age 2 0.35 0.29 3.04* 1.40
Gender 1 1.59 0.22 0.74 0.28
Gender*Sample 9 2.15% 2.67** 2.02% 1.29
Age*Sample 18 0.78 0.38 1.29 1.23
Gender* Age 2 1.38 0.81 5.45%* 4.44%

*=(p < 0.05), ** = (p < 0.01), *** = (p < 0.001)
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Table 20. Mean scores, overall rank order of preference for 10 yakju samples
evaluated by 104 consumers for acceptance and purchase intent under blind and

informed conditions. (n=104)

Blind Informed
) o . Over-all
) Blind Linking Informed Liking Purchase Purchase Rank
yakju code Rank
Intent Intent Total
Order
Mean Rank Mean Rank Mean Rank  Mean Rank
Soogok 4.836b 4 5.25¢ 5 4.644bc 4 5.096¢ 5 16 3
Jinmae 4.735b 7 5.182¢ 6 4.539dc 6 4.846dc  6(t) 23 4(t)
Googi 4.764b 5 5.009dc 7 4.549dc 7 4.846dc  6(t) 23 4(t)
Baekse 5.47a 1 5.884a 1 5.29%4a 1 5.971a 1 4 1
Baekil 4.098¢ 9 4.269fe 9 3.833¢ 9 3.875¢ 9 33 6(t)
Sogok 4.441cb 8 4.194f 10 4.137de 8 3.854e 10 33 6(t)
Cheongo 5.407a 3 5.788a 2 5.087ba 3 5.586ba 3 10 2(t)
Chrys 5.441a 2 5.298bc 4 5.254a 2 5.173bc 4 10 2(t)
Wang 4.759b 6 4.625de 8 4.596¢ 5 4.528d 8 24 5
Sasam 3.509d 10 3.528g 11 3.254f 10 3.394f 11 39 7
Jinmae/
5.711ba 3 5.789a 2
Sansachun
LSD
0.450 0.423 0.457 0.437
(5%)

* Means with the same letter in column are not significantly different at p<0.05 level by Fisher's least significant
difference(LSD) test.
** 9-pt hedonic scale : 1(dislike extremely)- 9(like extremly)
*** 0-pt purchase intent scale : 1(extremely unlikely buy)- 9(extremely likely buy)
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Table 21. Mean informed liking scores and standard deviation for each yakju as
evaluated by groups of consumers with similar levels of brand familiarity (n = 104).

never have heard Have heard Have tr'ied Have tr'ied Drink regularly
Familiarity for of them of them 1 or 2 times over 3 times

the yakiu  \ipAN STD N MEA STD N MEA STD N MEAN STD N MEA STD N
Jinmae 514 176 93 586 195 7 3.67 115 3 9 - 1 - - 0
Soogok 529 195 49 497 146 39 5 .61 12 675 126 4 - - 0
Googi 490 179 73 544 154 18 543 140 7 38 148 5 - . 0
Beakse - - 0 533 058 3 6 081 4 579 1.57 75 637 131 20
Sogok 358 192 43 424 148 22 452 181 27 622 172 9 - . 0
Chrys 476 202 34 553 1.80 43 55 150 26 8 0 1 . . 0
Baekil 406 191 66 438 1.86 21 462 133 13 633 153 3 5 0 1

Cheongo 514 254 14 58 140 20 561 169 38 628 160 29 7 141 2
Wang 465 163 80 425 214 12 543 172 7 425 263 4 . . 0

Sasam 25 1.4 90 3.67 1.68 7 3 235 5 7 . 1 . . 0

2) Preference mapping

7} Blind liking for all consumers

=

2 Aol AFEE 1059 dAFFFol digt Anjxte] VEkd s T
SEAS 9935t7] 98] extended internal preference mapping(EIPP)S A A

i

|
%t} Extended internal preference mappinge 2+ Al&°] tidt 7|z HIE
principal component analysis 2 413 § 5 Ug Also digh FHE sjdo]
54 W ARE MG F UHA HE HelH( ke e B
e AR AASE preference mapping 7|Holth E A Fol A= HA ©o]H
g Zdo Al M A AnAbe] BL(Blind liking) 7F A2E 714 aL PCAE AA%
%5 HAMEA] A3 (Table 995 ©] 839 preference maps #4189t} Figure7,82

1047 2] AW Ae] BL #H7l ZA3E o] 83 extended internal preference mapping
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Fig 7. Internal preference mapping for 10 yakju samples (see table 5, 6 for sample and

attribute codes).

a)samples (squares) and consumers (open circles)
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Fig 8. Internal preference mapping for 10 yakju samples (see table 5, 6 for sample and

attribute codes).
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b) samples (squares) and sensory attributes (diamonds)
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1} BL clusters

9l Fig7, 8¢ (a),(b)e] A¥= AA 2vaE didez 3 Zoluw PCI, 2
of ogk HA 7Iax= dHelge] Aol st Eal HA A&
7t Aol didk BAREA] o mEW(Table 19) ¥ A7 Ay 54 A#ojy A4d
o 9% V& 5AS Holx dgtomz 7}7h Aujxte] VEE Pyl AnE
o=z A (cluster analysis)S AAlstA . BL Aol digt #d+A42 25

=] h
e Aestar 967 el AHA V|E= %‘i?% Htgrew olFojin. 4 23

izl 2
7b YEbwtth Tabled23 oAl Hi= uke} Zo] 4 /e &+ &7/E 3 /M9 3 #
o] BL12°14 BL1 ¥ BL22 EF¥ ot 22y BL 2 +#We &g &uA
2oz wEo] Ay F3 BL 2 U9 AE7re] 94 Ao]7b YERR] GFofA
BL dlo|HE 37 #Ho® EH=E st

Table 22. Sample BL(blind liking) means based on 3 groups of consumers

BL12 BL3 BL4 overall

sample code
(n=41) (n=27) (n=28) (n=96)
bacekil 4.63 3.78 3.68 4.11
baekse 6.17 4.48 5.54 5.51
cheongo 6.27 5.56 3.68 5.31
chrys 6.37 3.07 6.11 5.36
googi 5.39 4.59 3.86 4.72
jinmae 5.32 4.48 3.79 4.64
sasam 3.78 2.74 3.93 3.53
sogok 4.29 4.52 4.50 4.42
soogok 6.10 3.67 4.39 4.92
wang 5.00 4.67 4.00 4.61
LSD(5%) 0.65 0.84 0.83 0.47
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Table 23 . Sample BL (blind liking) means based on 4 groups of consumer

sample code BL1 BL12 BL3 BL4 overall

(n=29) (n=12) (n=27) (n=28) (n=96)
baekil 4.03 6.08 3.78 3.68 4.11
backse 5.86 6.92 4.48 5.54 5.51
cheongo 6.34 6.08 5.56 3.68 5.31
chrys 6.38 6.33 3.07 6.11 5.36
googi 5.28 5.67 4.59 3.86 4.72
jinmae 4.90 6.33 4.48 3.79 4.64
sasam 3.03 5.58 2.74 3.93 3.53
sogok 3.52 6.17 4.52 4.50 442
soogok 6.07 6.17 3.67 4.39 4.92
wang 4.55 6.08 4.67 4.00 4.61
LSD(5%) 0.78 NS 0.84 0.83 0.47

BL¥ IL 2739 ZF #+39¥ Al59 H 7|2 A
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o7 ol& A YA thal BL3¥} BL4Z Wttt BiE nkel o] BL12S
417 o2 o]FojHa BL3¥ 4% 77 2793} 2879 An|AR o] Foj st BLI2
of A “F=T, AT TwelF " o] bt AlEe dE) =L VR
E UER I B CASFET) CARREETel e gk V]S sgith BL39
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49 712 %7} informed 37 stelA S7Fste] BL3 o ule] &nvjAbe AlFe] %
AE7t =& A9 7ExE =4 Friete 43S HBIth BL49 49 BLI29
AbSHAl Bl A=A 5o #s A1 8Rlo] V|Eke]| & S HolA &
kot =T “Xuj”e] 7S w7t informed A FrelHo® =A UERE
Zmje] A9 A= 28 =4 B AFeE 53] & vhsirt
Table 24. Least Significant Difference, mean blind acceptance, and informed
acceptance scores for wines evaluated by the consumer segments that were determined
from blind acceptance ratings (BL segments).
BL12, n=41 BL3, n=27 BL4, n=28
Wine ] LSD ] LSD ] LSD
Blind Informed Blind Informed Blind Informed
(5%) (5%) (5%)
soogok 6.10 5.64 NS 3.67 4.59 * 4.39 5.14 NS
jinmae 5.32 5.41 NS 4.48 4.37 NS 3.79 5.21 *
googi 5.39 5.49 NS 4.59 4.70 NS 3.86 4.43 NS
baekse 6.17 6.44 NS 4.48 5.33 * 5.54 5.50 NS
sogok 4.29 4.90 * 4.52 3.48 * 4.50 4.14 NS
chrys 6.37 5.68 * 3.07 4.33 * 6.11 5.29 NS
baekil 4.63 4.83 NS 3.78 3.78 NS 3.68 4.11 NS
cheongo 6.27 6.17 NS 5.56 5.59 NS 3.68 5.18 *
wang 5.00 5.32 NS 4.67 4.26 NS 4.00 4.18 NS
sasam 3.78 3.93 NS 2.74 3.19 NS 3.93 3.46 NS
" LSD
0.65 0.66 0.84 0.80 0.83 0.87
(5%)
= Least Significant Difference among wines at 5% level, NS = Not Significant
Figure 9% BL w¥®4 23 4 A9 249 7axs ngor 243
extended internal preference mapping Z3o]t}. PC 13 2+= AA dolHWHEY

51%¢°t 41%65 Ametod A AA| LMAE o] &ste] 43 EIPP +4 Z 3¢} v
skl AA F7HekTh Fig 98 AsE W, BL12(43%)9] 745 "wub(sweet)” o] 7
sha Ay gF/sha shobA wh 3/ut SA o] AA AskA i xstRE s
EAQS Bl “lA|F(backse)”o] W3 7|ZE7F H& Aow YEETh whd THe
Sh(astrin)”, "¢ 9k(bitter)”, "+ % & (yeast)”, "5 U (yeastt)” #d SAdo] g “A}
AT, W T AR F gk e VS EE UERHTE Table 240 wEwW
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Fig 9. Extended internal preference mapping on 3 BL clusters for 10 yakju samples.
vectors are 3 clusters, squares are samples and diamonds are sensory attributes (See

Table 5, 6 for sample and attribute codes)
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t}) IP clusters
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Table 25. Least Significant Difference, mean  blind and informed
purchase intent for 10 vyakju samples evaluated by the consumer segments that

were determined from informed purchase intent (IP segments).

Segment 1, n=11 Segment 2, n=38 Segment 3, n=35 Segment 4, n=19
Wine LSD LSD LSD LSD
Blind Informed Blind Informed Blind Informed Blind Informed
(5%) (5%) (5%) (5%)
soogok | 6.00 6.27 NS 4.42 5.76 * 4.26 4.00 NS 4.89 5.00 NS
jinmae 5.60 6.27 NS 4.53 5.16 * 4.50 3.91 * 3.89 4.89 *
googi 5.90 5.91 NS 4.63 5.39 * 4.35 4.60 NS 4.16 3.53 NS
baekse 6.27 6.18 NS 5.84 6.68 * 4.97 5.77 * 4.21 4.89 NS

sogok 6.27 6.45 NS 4.46 4.95 NS 3.47 2.77 NS 3.63 2.16
chrys 5.82 5.73 NS 5.44 5.79 NS 5.26 5.09 NS 4.47 3.68
baekil 591 6.73 NS 3.89 4.05 NS 3.44 3.57 NS 3.26 2.42
cheongo | 5.27 5.55 NS 5.51 6.16 NS 5.17 6.26 * 3.84 3.05
wang 6.00 6.09 NS 4.87 5.03 NS 4.20 3.80 NS 3.79 3.89
sasam 4.82 6.36 NS 3.36 3.53 NS 3.11 291 NS 2.53 2.42

*

NS
NS
NS
NS
NS

B}

LSD
(3%)

NS NS 0.79 0.72 0.73 0.67 1.11 0.99

= Least Significant Difference between wines, NS = Not Significant
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Fig 10. Extended internal preference mapping on 4 IP clusters for 10 yakju samples.
vectors are 4 clusters, squares are samples and diamonds are sensory attributes (See

Table 5,6 for sample and attribute codes)
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Z}) BL prediction
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Fig 11. PLS regression analysis relating intensities of sensory attributes (n=11, BLUE,
X) to overall blind liking of rice wines (n=1, RED, Y); a) correlation loading plot, b)
sample scores plot. (see Table 5, 6 for the sensory attributes and yakju codes).
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Fig 12. Predictive performance of the model in Figure 11. Prediction of Y (Blind
liking of BL12 cluster) from X (11 sensory attributes) via the 2-PC model from Figure
11. (a) Standardized regression coefficient vector b, showing the contribution of each
X-sensory attribute to the prediction of Y-variable overall liking. (b) Predicted vs.
recorded mean overall liking (Y) for the ten yakju samples.

03 Regression Coefficients (B)
1| a)
0.2 —
0.1 —
0 —
0.1 —
0.2 — )
‘ __aromasw __yeast __sour ___astrin _hanyakt X-V‘ar/ab/es
alcohol fruit hanyak sweet frufla bitter yeastt
PLS1_BL3clusters, (Y-var, PC): (bl12,2) BO = 5.225362
65 Predicted Y
: _| Elements: 10
-| Slope: 0.672882
- Offset: 1.744100 jinmae chrys
-1 Correlation: 0.820294
6.0 — RMSEC: 0.489446 cheongo
7 SEC: 0.515921
7| Bias: 1.669e-07
i googi
55 i b) sobgekse
] wang
50 —
] sogok
45 —
] baekil
B sasam
4.0 —
3.5 —
Measured Y
T T T T T T T
3.5 4.0 4.5 5.0 5.5 6.0 6.5

PLS1_BL3clusters, (Y-var, PC):  (bl12,2)

_94_



Fig 13. Predictive performance of the model in Figure 11. Prediction of Y (Blind
liking of BL3 cluster) from X (11 sensory attributes) via the 2-PC model from Figure
11. (a) Standardized regression coefficient vector b, showing the contribution of each
X-sensory attribute to the prediction of Y-variable overall liking. (b) Predicted vs.
recorded mean overall liking (Y) for the ten yakju samples.
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Fig 14. Predictive performance of the model in Figure 11. Prediction of Y (Blind
liking of BL4 cluster) from X (11 sensory attributes) via the 2-PC model from Figure
11. (a) Standardized regression coefficient vector b, showing the contribution of each
X-sensory attribute to the prediction of Y-variable overall liking. (b) Predicted vs.
recorded mean overall liking (Y) for the ten yakju samples.
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Fig 15. Antioxidant activity of fractions of volatile extracts

aldehyde/carboxylic acid assay (100ug/ml)
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3-pyrrolidinol, 1,2-dimethyl-hydrazine, propanoic acid, thiocyanoic acid, ethyl
benzene7} 8 7] Aol At
#3 [VeE trans-4-hydroxymethyl-2-methyl-1,3-ethane, 1,4-dimethyl-benzene,
2H-pyran, ¥3% IS toluene, undecane & & &<ly it}

w38 I I IVl A 22 80%, 50%, 70%°] #4dS ®el F7]xk= &8 oA
toluene, 1,4-dimethyl-benzene, 1,3-dimethyl-benzene, ¥ IV A] butanoic acid, a
-ketoglutaric acid, ethyl 4-hydroxybutanoate, & IIolA] bezeneethanol,
2(3H)-furanone, 2-furanmethanol,  isobutyl alcohol, 3-methyl-1-butanol,
1,2-dimethyl-benzene, 1-(1H-pyrrol-2-yl)-ethanoneS F+237] ¥ o2 ¥3&}=
Aoz gluAnt

Zlufo] A9 FF I, IVl A ZH2F 40%, 37%9] &S Rnoed, &9 119 +
Q ¥7] AR o 2= 3-methyl butanol & o] 714 E=gkom isobutyl alcohol,
hexanoic acid, 3-(difluromethyl)pyridine, ethyl 2-hydroxycaproate, octanoic acid,
4-ethyl-2-methoxy-phenol 2] &S B 3 Ve Q8 3] AHAEOZ=

hexadecanoic acid, butan-4-olide 7} =¢l=] it}
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Table 26. Major volatile compounds identified in fractions of Soogok

PEAK
NO Possible compounds Kovat index Concentration(ppm)
} 1 toluene 1048 3.84
Fraction i
2 undecane 1250 0.23
3 isoamyl alcohol 1221 32.74
4 3-furaldehyde 1480 0.31
. B 5 2-methyl-4-octanol 1561 0.16
Fraction i
6 pentanoic acid 1720 0.35
7 hexanoic acid 2158 0.31
8 benzeneethanol 2233 15.54
o 9 methinol 2137 22.03
Fraction iii
10 ethyl 4-hydroxybutanoate 2234 18.35
11 1,4-dimethyl-benzene 1150 1.32
Fraction iv 12 trans-4-hydroxymethyl-2-methyl-1,3-ethane 1664 1.39
13 2H-pyran 1669 0.05
14 ethyl benzene 1152 0.19
45 thiocyanoic acid 1313 0.82
Fraction v 16 propanoic acid 1421 1.54
17 1,2-dimethyl-hydrazine 1464 0.25
18 3-pyrrolidinol 2377 10.31
19 butyl acetate 1050 0.77
. ) 20 o-xylene 1152 0.14
Fraction vi
21 2-ethoxy-ethanol 1313 0.66
22 2-butoxy-ethanol 1421 1.29
. . 23 2-pentene 1144 0.06
Fraction vii
24 4-hydroxy-4-methyl-2-pentanone 1386 127.15
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Table 27. Major volatile compounds identified in fractions of goggijaju

PEgK Possible compounds Kovat index Concentration(ppm)
1 toluene 1050 1.49
Fraction i 2 1,4-dimethyl-benzene 1152 0.12
3 1,3-dimethyl-benzene 1195 0.07
4 2-methyl-1-propanol 1050 1.07
5 1-pentanol 1219 17.37
6 2-furancarboxaldehyde 1483 0.06
Fraction ii 7 2,6-dimethyl-4-heptanol 1564 0.16
8 butanedioic acid 1804 0.64
9 4-propylbutan-4-olide 2374 6.96
10 2,5-xylenol 2437 12.7
11 isobutyl alcohol 1035 1.61
12 1,2-dimethyl-benzene 1085 0.11
13 3-methyl-1-butanol 1156 0.17
Fraction iii 14 2(3H)-furanone 1686 4.96
15 2-furanmethanol 1732 1.85
16 bezeneethanol 2238 30.95
17 1-(1H-pyrrol-2-yl)-ethanone 2282 0.09
18 butanoic acid 1686 4.46
Fraction iv 19 ethyl 4-hydroxybutanoate 2134 0.78
20 a-ketoglutaric acid 2373 4.49
Fraction v 21 acetic acid 1057 0.56
22 butyl acetate 1050 0.99
Fraction Vi 23 2-ethoxy-ethanol 1313 0.75
24 2-butoxy-ethanol 1421 1.44
25 3-methyl-2-pentanone 1151 1.64
Fraction Vvii 26 2,4-dimethyl-2-pentanol 1388 52.88
27 propanoic acid 1566 0.94
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Table 28. Major volatile compounds identified in fractions of Jinmae

PII\EISK Possible compounds Kovat index Concentration(ppm)
1 toluene 1050 2.61
2 p-xylene 1152 0.06
Fraction i 3 1,4-dimethyl-undecane 1320 0.01
4 docosane 1521 0.09
5 1,2-dithiacyclopentane 1539 0.01
7 isobutyl alcohol 1048 2.86
8 3-methyl butanol 1219 343
9 ethyl 2-hydroxycaproate 1561 0.15
Fraction i 10 3-(difluromethyl)pyridine 1719 0.19
11 hexanoic acid 2157 0.27
12 4-ethyl-2-methoxy-phenol 2348 0.12
13 octanoic acid 2372 0.14
14 2(3H)-furanone 1671 1.48
15 pentanoic acid 1715 0.26
Fraction iii 16 methinol 1864 0.46
17 benzeneethanol 2131 7.32
18 ethyl 4-hydroxybutanoate 2150 2.72
Fraction iv 19 butan-4-olide 1672 9.54
20 hexadecanoic acid 2483 47.22
21 acetic acid 1048 2.53
22 m-xylene 1149 0.28
23 2-ethoxy-ethanol 1312 1.32
Fraction v 24 2-butoxy-ethanol 1418 2.51
25 butanoic acid 1652 0.46
26 2-butenoic acid 2022 1.05
27 1,2-benzenedicarboxylic acid 2482 20.6
Fraction Vi 28 ethyl benzene 1135 0.2
29 octadecanoic acid 2481 27.49
30 3-hexen-2-one 1144 0.06
31 2-pentanone 1386 127.15
Fraction vii 32 3-hexanol 1543 0.24
33 propanoic acid 1552 0.11
34 1-butanamine 1560 3.87
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Table 29. Selected authentic chemicals for measuring antioxidant activity

qun&(e)rgf Possible compounds Kovat index Concentration(ppm)
Fraction ii
3-furaldehyde 1480 0.31
benzeneethanol 2233 1554
s00gok
Fraction v
ethyl benzene 1152 0.19
3-pyrrolidinol 2377 10.31
Fraction ii
2-furancarboxaldehyde 1483 0.06
googi Fraction iii
2(3H)-furanone 1686 4.96
2-furanmethanol 1732 1.85
Fraction ii
4-ethyl-2-methoxy—phenol 2348 0.12
jinmae Fraction iii
2(3H)-furanone 1671 1.48
benzeneethanol 2131 7.32
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selected

4-ethyl-2-methoxy-phenol
71 e
&0l Hl# st

authentic

chemicals

)

measured by

Inhibitory effect (%)

Compounds

0 pg/mL 10 Bg/mL 20 ug/mL 50 1g/mL 100 ug/mL
3-furaldehyde 6+2.7 10+2.9 14+9.0 23+6.9 55+4.9
benzeneethanol 504 32454 43+£2.9 59+9.9 73£7.8
ethyl benzene 2+1.6 4+3.8 9+3.5 8+3.7 10£2.1
3-pyrrolidinol 2+3.7 4+4.6 8+0.5 9+35 14+0.9
g lurancarboxaldehy 3.1 6 15458 23+9.4 34+39 45+6.8
2(3H)-furanone 5+0.4 4+4.8 4+2.5 8+2.7 15+3.9
2-furanmethanol 4+0.7 15+2.9 23+9.3 34+3.9 61+4.0
4 ethyl-2-methoxy= 5459 19483 25+3.9 45+38 70£2.9

pheno
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W, ZF oA BEFE yEldt 1) 4, 10, 12 H peak= 2} £®¥ Chromatogramol 3

o &
i
&

Alekgdeh ZF gae] 4L A Sl dEFe Al g drE 2] HRd
Ao g ojelge] Brh kA 2 AF7ZAFAE EYE 7 9ae] 545 A5
123t of g ot}

Table 31. Analysis of non-volatile compounds isolated from Korean liquors

Peak No. Rejt:ier%téon Area %  Peak No. Re%ﬁrﬁtelon Area %

jinmae 2.425 5.3 jinmae 6.749 39
soogok 2.437 55 soogok 6.823 2.1

1 googi 2.445 6.0 10 googi 6.707 2.3
sasam 2.462 0.4 sasam 6.718 55
sogok 2.467 0.8 sogok 6.599 2.2
cheong 2.556 145 cheong 6.579 0.3
jinmae 2.708 2.1 jinmae 7973 0.6
soogok 2.71 1.6 soogok

9 googi 2.728 7.0 1 googi
sasam 2.553 0.1 sasam 7.869 0.4
sogok 2.648 0.7 sogok 7779 0.4
cheong cheong
jinmae 2.793 2.2 jinmae 9.527 27.1
soogok 2.798 2.0 soogok 9.544 34.4

3 googi 12 googi 9477 19.3
sasam sasam 9.488 1.1
sogok sogok 9.366 2.30
cheong 2.826 54 cheong 9.455 30.17
jinmae 3.441 0.2 jinmae 11.849 44
soogok 3.423 0.2 soogok

4 go0gi 3.418 0.2 13 googi 11.892 0.4
sasam 3.437 0.3 sasam
sogok 3.278 175 sogok 11.703 3.6
cheong 3.352 0.6 cheong
jinmae 4676 19 jinmae 13.178 09
soogok 4771 3.8 soogok

5 googi 4.614 3.1 1 googi 13.210 3.1
sasam sasam 13.065 0.8
sogok sogok
cheong 4.718 1.2 cheong 13.147 1.6
jinmae 4.869 15 jinmae
soogok soogok 17917 0.1

6 googi 15 googi 17.903 0.2
sasam 4.86 7.7 sasam 17.832 8.7
sogok sogok 17.740 56
cheong cheong
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Table 31. Continued.

Peak No. Re%frgteion Area %  Peak No. Re%ﬁ%g(m Area %

jinmae 5.357 0.2 jinmae
s00gok 5.354 0.2 soogok

; googi 5.31 0.2 16 googi 23.790 1.7
sasam sasam
sogok 5.259 26.4 sogok 23.973 0.4
cheong cheong
jinmae 5.808 15 jinmae 29.831 10.1
soogok 5.827 0.2 soogok 29.659 89

3 googi 5.978 2.1 17 googi 29.530 84
sasam sasam 29.348 14.8
sogok 5.942 22.9 sogok 29.190 4.9
cheong 5.979 35 cheong
jinmae 6.027 2.1
soogok 6.058 0.7
googi

J sasam 6.015 4.9
sogok
cheong
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Fig 17. Typical HPLC chromatograms of Korean liquors
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Table 32. Antioxidant activity (%) of 45% Ethanol, 15 % Ethanol and water extracts

of Korean medicinal plants measured by DPPH radical scavenging assay

medicinal extraction extract concentration original
plants condition 20pg/ml 100¢g/mé 500.g/ml 10004g/mb extract
Etoh 45% 0 0 52 10.6 70.0
g E
(Japanese Etoh 15% 0 0 3.6 10.3 71.4
Honeysuckle)
H>0 0 0 4.6 8.6 71.7
Etoh 45% 0 3.1 20.9 49.3 77.0
o A
Etoh 15% 0.2 2.8 22.1 46.4 78.3
(Dan-Shen)
H20 0.2 43 21.7 50.2 77.4
Etoh 45% 0 0 49 12.1 76.0
hygevAle> |
LED Etoh 15% 0 0 3.9 9.8 73.2
(Taraxaci Herba)
H»0 0 0 32 10.4 69.7
Etoh 45% 0 1 8.3 19.3 75.5
EAA Etoh 15% 0 0 5.3 14.3 78.5
(dodder)
H>0 0 0 5.6 13.5 83.9
Etoh 45% 0 0 53 11.9 45.0
F d Etoh 15% 0 0 4.3 9.5 53.5
(Jeffersonia
Dubia) H»0 0 0.7 3.9 9.5 61.3
Etoh 45% 0 1.1 5.2 11.2 70.4
7 2}
Akl Etoh 15% 0.6 0.6 4.5 8.8 69.6
(Gardeniae
Fructus) H,0 0 0.1 3.7 8.4 74.2
Etoh 45% 0 0 6.3 13.6 90.6
2~ 0o
AbS Etoh 15% 0 0 3.7 10.2 90.5
(Japaness Cornel)
H>0 0 0 2.7 8.1 90.2
Etoh 45% 0.5 4.5 36.9 49.4 80.6
% Etoh 15% 0 0.3 3.8 8.8 774
(Skullcap)
H»0 0 0 2.4 5.1 79.3
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Table 32. Continued.

medicinal extraction extract concentration Original
plants condition 2048/ml 10048/ml 5004¢/ml 10008/ml extract
Etoh 45% 0 3 11.7 23.5 87.5
L.\ =}
(Korean Etoh 15% 0 0.7 7.1 14.6 82.4
Schisandra)
H»0 0.2 1.9 6.2 11.9 67.8
Etoh 45% 1.3 2.7 14.1 31.2 82.8
g} 7} 8k
=e Etoh 15% 1.9 2.1 9.6 17.7 853
(Stat-anise)
H»0 1.5 2.1 5.2 10.9 79.8
Etoh 45% 0.4 0.1 16.9 36.9 73.8
e
Etoh 15% 0.2 1.8 10.7 22.8 66.6
(Epimedii Herba)
H»0 0.1 0.1 6.9 15.8 75.1
Etoh 45% 0.6 0.7 6 13.1 534
Az
Etoh 15% 0 0.2 1.6 4.5 56.4
(Ecliptac Herba)
H»0 0.7 1.2 1.6 3.7 52.2

* Inhibition percentage (IP) %(=control-sample/control)*100
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Fig 18.

measured by DPPH radical scavenging assay

a) original extract

Antioxidant activity of 45% Ethanol extracts of Korean medicinal plants

1000
800 [T —= — — B —
600
X
400
200 ( H
OO L L - L L L L L L \7\ L L L L L L L L L \’_‘\
moF B ORK o K M B oW ot ® ok o®m om Fow ox ow r oK Wom ok ook o w W
wom W o5 o T U oW oA W ON oW W W KW o o o o O R o ook o F
o oo A < H %l ® 5 < &
b) 1000ug/ml of extract concentration
100
80 r
60|
S _
40 —
20 + H
o e 1L | A | A T
moF ® K o7 % o B o b ow o w owm B oW ow o om ok W oF ok ok o W
wom ™ Bt T U oI A ® ¥ W W W RKom o o w3 o ¥ o o4+ o MW F
o o u Ell < i 1 ® & &
c) 500ug/ml of extract concentration
100
80
60
X
40
20
0 ‘H‘W‘T‘ “7‘ P R IS U Bt I
o7 B OK @ ok o B o®m o ok o« @ ow B w1 ox ® o ok W oW o o w
W W T % T o ow oA o®m v % oW ow Kom oz o o o®;m M g o oG+ ok o F
o o B 4 H %l ® 3 U B

- 114 -



Fig 19. Antioxidant activity of 15% Ethanol extracts of Korean medicinal plants

measured by DPPH radical scavenging assay
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Fig 20. Antioxidant activity of 15% Ethanol extracts of Korean medicinal plants

measured by DPPH radical scavenging assay
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Fig 25. Antioxidant activity (%) of developed yakju samples (sansuyaju and
hwangeumju) with other commercial yakju samples measured by DPPH radical

scavenging assay
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Sample

: Average of three replications,

a

Table 33. Physico-chemical properties of developed yakju samples.

TA (g/L)

amino-acidity (mg/mL)
color

Reducing sugar (g/100ml)
coloring degree
Ultraviolet absorption

pH
Brix
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Table 34. General Characteristics of the consumers (n=150)

Item Group Frequency %
male 100 66.7
Gender female 50 333
20 - 29 62 41.3
Age 30 - 39 38 25.3
40 - 49 21 14.0
50 - 59 29 19.3
< high school 17 11.3
. university 43 28.7
Education graduate school 89 59.3
other 1 0.7
entirely not 97 64.7
Smoking status sometimes 16 10.7
perodically 37 24.7
student 19 12.7
office worker 58 38.7
self-employed 0 0
Occupation professional 59 39.3
housewife 0 0
non-employed 0 0
other 14 9.3
under 100 30 20.0
Average 101 - 200 63 42.0
salary per 201 - 300 9 6.0
301 - 400 13 8.7
month(10,000/% ) 401 - 500 18 12.0
over 501 17 11.3
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Table 35. General consumer behavior related to alcoholic beverages (liquors)

consumption (n = 150)

Attribute Category Frequency %
soju 90 60.4
beer 72 48.3
wine 24 16.1
. . . clear strained rice wine (chungju) 4 2.7
Major drinking liquor takju 3 20
traditional yakju 13 8.7
distilled liquor 3 2.0
other 1 0.7
soju 60 30.9
beer 61 31.4
wine 35 18.0
Favorite liquor clear strained rice wine 4 2.1
takju 4 2.1
traditional yakju 22 11.3
distilled liquor 8 4.1
drinking usually same liquor 76 50.0
change on occasion 65 42.8
select new liquor 3 2.0
attitude when drinking
) selecting which catch a eyes 1 0.7
liquors
counselling to salesperson 1 0.7
based on price and quality 2 1.3
other 4 2.6
directly drinking 87 55.1
guest reception 40 253
Major reason of buying .
. gift 25 15.8
liquor
collection 2 1.3
other 4 2.5
soju 2 1.2
beer 11 6.4
wine 66 38.4
o ) clear strained rice wine (chungju) 2 1.2
favorite liquor for gift
takju (makguli) 1 0.6
Korean traditional liquor (yakju, etc) 31 18.0
distilled liquor (whiskey, brandy, etc) 56 32.6
other 3 1.7
relatives and friends 75 46.6
sales persons 18 11.2
sources for information .
. media (news) 22 13.7
related to liquors
advertisements 38 23.6
other 8 5.0
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Table 36. General consumer behavior related to yakju consumption (n=150)

Attribute Category Frequency %
1-2 18 12.0
3-5 26 17.3
Experience drinking yakju 5-10 31 20.7
over 10 70 46.7
other 5 33
home 39 23.6
restaurant 87 52.7
Major drinking site of yakju bar 1 0.6
traditioal bar 33 20.0
other 5 3.0
high quality 61 38.2
health 39 24.4
Major reason drinking yakju packaging / design 4 2.5
as a Korea traditional liquors 34 21.3
proper price 1 0.6
other 21 13.1
low quality 4 6.8
bad brand image 0 0
high price 15 25.4
Reason for L
o . hangover after drinking 14 23.7
not drinking yakju
limited information 10 1639
not proper with drinking atmosphere 11 18.6
other 5 8.5
business reception 8 5.1
office dinners 56 354
urpose when selecting yakju gift 18 1.4
purp & yay enjoy with family and relatives 68 43.0
decoration of home 1 0.6
other 7 4.4
general food store 30 19.7
convenience store 13 8.6
liquor shop 11 7.2
Buying site department store 12 7.9
discount store 63 414
post-office shop 0 0
other 23 15.1
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Table 36. Continued.

Attribute Category Frequency %
low quality (flavor/taste) 33 17.8
lack of publicity/marketing 100 54.1
high price 21 11.4
Reason for low market share . .
. insufficient product development 17 9.2
of yakju
lack of government support 2 1.1
problem in production technology 10 5.4
other 2 1.1
beakse ju 66 38.6
sansachun 43 25.1
cheongok 9 53
Favorite yakju brand
Gun ju 1 0.6
meachisun 43 25.1
other 9 53
price 4 2.4
aroma/taste 117 70.5
Reason for selecting favorite health 19 11.4
yakju brand packaging 1 0.6
purchase availability 20 12.0
other 5 3.0
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Table 37. Mean scores of preference test for developed yakju samples (N=150)

SANSUYUJU

Attributes 20-39 woman 20-39 man 40-59 man overall

(n=50) (n=50) (n=50) (n=150)
overall acceptability1 5.50 (£1.53) 5.84 (£1.71) 5.28 (£1.44) 5.54 (£1.57)
appearancel 5.92 (£1.64) 6.27 (x1.38) 5.16 (£1.65) 5.78 (+1.62)
aroma' 5.70 (£1.61) 5.32 (£1.81) 5.44 (£1.59) 5.49 (£1.67)
taste' 5.40 (£1.58) 5.78 (£1.69) 5.28 (£1.58) 5.48 (£1.62)
color’ 3.64 (£1.34) 4.20 (£1.29) 4.00 (£1.67) 3.95 (£1.45)
fruit? 476 (£1.44) 450 (£1.47) 4.58 (+1.46) 4.61 (£1.45)
sweet® 524 (£1.56) 526 (£1.41) 5.44 (£1.49) 531 (£1.48)
sour” 4.56 (£1.61) 4.86 (+1.59) 4.62 (+£1.48) 4.68 (£1.56)
hanyakt® 3.72 (*1.46) 3.70 (£1.58) 4.24 (£1.62) 3.89 (£1.57)
similarity to wine’ 3.24 (£1.15) 4.80 (+8.47) 3.14 (£1.21) 3.73 (£5.03)

HWANGGEUMIJU
Attributes

20-30 woman 20-30 man 40-50 man overall
overall acceptability1 5.02 (£1.48) 4.64 (£1.64) 4.74 (£1.43) 4.80 (x1.52)
appearance' 5.90 (x1.37) 5.48 (£1.61) 5.72 (x1.74) 5.70 (£1.58)
aroma’ 5.44 (x1.45) 4.90 (+1.84) 5.02 (£1.57) 5.12 (£1.63)
taste' 438 (£1.64) 4.46 (£1.79) 4.56 (£1.45) 4.47 (£1.62)
color’ 5.20 (+1.05) 4.94 (£1.22) 5.16 (£1.28) 5.10 (£1.19)
fruit® 3.92 (£1.45) 4.06 (£1.58) 3.74 (£1.55) 3.91 (£1.53)
sweet’ 4.40 (£1.73) 420 (£1.75) 4.26 (£1.56) 429 (£1.67)
sour” 3.70 (£1.72) 4.56 (£1.96) 4.18 (£1.57) 4.15 (£1.78)
hanyakt® 4.50 (£2.01) 4.58 (£1.93) 4.62 (£1.74) 4.57 (+1.88)
similarity to wine’ 2.66 (£1.27) 2.64 (£1.24) 2.34 (£1.04) 2.55 (£1.09)

' 9 point hedonic scale (1: extremely dislike, 5 :dislike&like, 9: extremely like)
’9 point JAR scale (1: extremely weak, 5: just about right(JAR), 9: extremely strong)
1 very not same , 2: not same, 3: not a little same, 4: a little same, 5: same, 6: very same

standard deviation shown after +
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Fig 26. Response frequencies for the just-about-right(JAR) questions for two

150)

developed yakju samples (N
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Fig 26. Continued.
(c) fruitness level
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Fig 26. Continued.

(e) Color level
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