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SUMMARY

I . Title: Development of taste profile for foreign consumer - a case study of the U.S. market

1. Introduction

1) The purpose of the study

This study was conducted to understand sensory drivers for optimization of
Kimchi products targeting American market. A strategic sensory research
methodology that combines sensory profiling and consumer acceptability test was

applied.

2) Need for the study

Consumers in global market are becoming interested in kimchi. Particularly
the U.S. is the Korea's 2™ largest oversea market for kimchi, next to Japan.
However, it has not been clearly identified yet which sensory/non—sensory factors
drive the American consumers acceptance for kimchi and how the sensory
profile of kimchi can be optimized for the US market. Therefore, it requires more
systematic sensory methodologies to develop effective commercialization strategy
for targeted market.

III. Materials and Methods

1) Investigation of Kimchi studies and development of Kimchi
Major attributes of Kimchi, which were assumed to potentially influence
American consumer’'s acceptability, were selected. The six kimchi products
with different levels of red pepper powder and fish sauce were developed for

sensory tests.

2) Sensory profiling of the kimchi samples with different formulations
The profiling of sensory characteristics of Kimchi was conducted using flash

profiling method.

3) Consumer acceptability test in the U.S.
The consumer acceptability test was conducted at the Oregon state university
in collaboration with the sensory evaluation center to investigate:



> The effect of red pepper powder and fish sauce on consumer liking of
kimchi

> The effect of non—sensory factors, such as demographic profiles and
kimchi—related food habits, on consumer liking of kimchi

> The sensory and non—sensory drivers of kimchi through preference
mapping

IV. Results and Discussion

1) Selection of Kimchi major attribute and development of 6 Kimchi samples
Spicy taste and Fish sauce flavor were selected as major attributes which
might influence American consumers acceptability for kimchi. The intensity of
spiciness was controlled by adding red pepper powder in 3 levels. Fish sauce
was added in two levels (the sample with/without fish sauce).

2) Sensory profiling of the kimchi samples with different formulations

American consumers perceived the changes caused by different level of red
pepper powder most greatly. The higher concentration of red pepper powder
increased not only spiciness and burning, but also perception of richness,
garlicky flavor, and ripeness. In contrast, the consumers did not perceive and
discriminate the difference caused by fish sauce well compared to those by red
pepper powder level. However, it seems that fish sauce affected sensory
impression differently depending on the red pepper powder level. At the low level
of red pepper powder, addition of fish sauce increased sweetness. At the high
level of red pepper powder, fish sauce brought about bitterness and metallic
sensation. When the medium level of the pepper powder was added, the use of
fish sauce increased the perception of fishy flavor and savoriness, whereas the
consumers perceived the sample without fish sauce as fresh. Since fish sauce is
not commonly used in American diets, the consumers are not familiar with the
flavor of fish sauce. Therefore, the consumers seemed to have difficulties in
perceiving the changes in sensory attributes due to fish sauce or describing their
perception verbally.

3) Consumer acceptability test in the U.S.

Consumers significantly preferred the samples with the medium and high
levels of red pepper powder to those with the low level of the pepper powder.
Addition of fish sauce did not have significant effect on overall liking. However,
the samples without fish sauce were somewhat preferred to the samples with fish
sauce. The mean overall liking scores of all samples were higher than 6 (“like
slightly”), indicating that the consumers liked kimchi samples in general. In



summary, the American consumers liked the samples with the medium level of
pepper powder and without fish sauce. Therefore, the level of red pepper powder
should be increased to the higher level than the current one for the American
market.

Preference mapping showed that spiciness and rich flavor are major drivers
of liking for kimchi products targeting the American market. It also showed that
consumers were segmented into 4 clusters with different preference tendency.
Cluster 1 (n=45) disliked the sample without fish sauce at the low level of pepper
powder the most. Cluster 2 (n=10) tended to like the spicy and rich flavored
samples. Cluster 3 (n=29) gave the scores higher than 6 (“like slightly”) to all the
samples, but particularly tended to like the mild, and vegetable—flavored samples.
Cluster 4 (n=14) liked the sample containing fish sauce and the high level of red
pepper powder the least. Therefore, it is recommended to develop several
formulations for diverse consumer clusters.

Overall, the participants in this test can be classified as a potential customers
of kimchi products, since they showed positive attitudes to kimchi consumption
and had previous consumption experience. It was initially hypothesized that the
heavy users of kimchi would prefer kimchi with stronger spiciness and fish sauce
flavor. However, the current study showed that the American consumers’
acceptability was affected more by the consumption experience of authentic
Korean kimchi and liking of fish sauce flavor than by the consumption
frequency. The consumers who haven't had authentic Korean kimchi disliked the
sample with strong spiciness and fish sauce flavor. The consumers who liked
fish sauce flavor disliked the sample that containing the low level of red pepper
powder and no fish sauce. It would be helpful to conduct a survey to check how
many of the target consumers had Korean authentic kimchi previously and/or
like fish sauce flavor, in order to develop a strategy to export Kimchi to the U.S.

V. Outcomes of the study and future applications
1) Outcomes of the study
> The 6 Kimchi formulations that can be instantly mass—produced for target
consumer groups in the U.S.
2) Future applications
> The kimchi product targeting the western area of the U.S. will be launched
soon.
> The result of the study will be presented in poster in the 80" Annual
Meeting of Korea Society of Food Science and Technology.
> The manuscript based on the result of this study will be submitted to one of
the SCI(E) journals.

vi



> The six Kimchi formulations developed in the present study can be adopted
by any manufacturers for commercialization targeting a specific consumer
group, because the production testing of each formulation has been
successfully conducted.

> Future studies, such as market analysis, identification of target consumers,
Kimchi promotion for global market, packaging development, development of
marketing strategies, can be built—on the outcomes of the present study.

> The result of this study will provide an insight on standardization of kimchi
formulation in the area other than the western area of the U.S.

> The methodology developed in this study will be applied to consumer studies
in the area other than the U.S. to understand consumers’ acceptance and

perception of Korean traditional foods.

vii
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= STt

AP = 01N NaOH ZB]Z(mL) X 0.9 + A5 FA(g)

NE @ 129 Bk S W (24 94, oF 14, oF 54) F4HYS

Ml

A 29 moA Bolua A wE ANAAR Fu) ghete] ZA@E A5t 9=l
ST BANS FRES Lol RS AAS Fad A5 GHAske] 1A 546 Asan]
6 £ WA AAske o ANgtel gl vl A7) w=e 139¢ AdaAT. AA 2L
@2k 77, o7 6ol on 20t 117, 30t 11, 40t) 1¥ o2 FAEATE



(2) A &e] 1] E AA

Flash profilingdl AF&¥ A5 ol ZoA Ay wjeute] ALE =4 AF3 6FH
o] AAE AT ARl tdk HHE Tablelo] YeEHRATE A== A A of] Feoll A A
2k kol 13] ARR BEZgA ARsle] 3 9 B A ARA7EA] A {9 (17.8cm*<20.3cm,
Thai Griptech Co., Bangkok, Thailand)ol Ho} AAF 2 F&H Ad714] Y41 3(0.31£0.2C)
stk AlEE Az 5 25 ol AMEEASH, o] A3 A3 B A A AEE 270 =
AR FAC W3l gl Ao® veh FE D AAR 71 Hol #e3 549 W) gle
Ao g gt

AAL AR, 4 ANEE YT E7] FES THOR 3o F 35g¥ 2EFHATY. HA 2 F4
% &% W3E Haser] 9ste] 500mL ~HQlElA ReE(HA 10.5cm, ®o] 13.2cm,
Igloo co., China)ell 5C< & 300mLE T 3 Zo]H (A4 8cm, %°] 10cm)S F 7] ¥
5C 7Sl water bathE W & AR H A8

=gl £ 9l £ 2ol el AA it Al
B7E A S BE 5 AE=F A2 =(22+20)F J7HIS 919 W(90+£27C,130g, AW, AA
A, d3=)E Alge A

Table 1. The information of 6 kimchi samples used in this study.

Sample identification Red pepper powder Fish Sauce
SLFN Low X
SLFY Low 0]
SMFN Medium X
SMFY Medium 0]
SHFN High X
SHFY High 0

(3) FHAF A4

Flash profilinge Delarue and Shifferman®] W% (2004)& <5 t‘"‘i 3}od Eﬁ} =
A sessiono| A= F57HAF ¥k F flash profilingol] thdk A7)7) o] F s
profiling ¥ 7]& HAF B4 2958 &83le] £ LS 139 XHE%} 01/1r 2= AT
o A= E}O o] F 1A A3E 318 dte] 5 sessionol] @A &of sdto] o]FoH ) A
TAAE HFAA Aol gl AHAES 831307 el gof M AqHeS Zﬂl%
7hetsto] Zﬁ*}‘ﬂ‘é% ARl HERH oz wEAA EA9 Q1A 2 verbalizations 3133t}

4, 12 A8 EA4 sensory fatigueZ} e 2= 4 dor g HA AZFS A §lo]

_1

AR REE Ae] FEF F4 AJED s

gol N A 2MAEL ARE 7o) MEE Fo) AR AolE Abg L Ayt 54
e AuHos Agsdnt ARHon AR 5L BE P e FAHAeH, 7
A4 295 Bl AZEE SAol § & witha AEs §ol5e FrkeAu mA sl
72 A 998 §o] B2 pLaTh ol A A PN 99 2 e Y drish o=

gof Twe] SRAW A LAFE AR B JEE 2980 o8l oAk B= 3



7} attribute—by—attribute 2] 0.2 4 74%% 23
modalityell wel &3, Fn|, $u|E 1Y A}, EJQ, Pl
29} carryover effect% &3}k ). 74’\]' E

ES olgdte] g4 7Rl ¥ HA 183 FA s HO} -5 ekglon, 54 ’\]' JAFolmbt) 3 -5
o] FAL FHle= }03\3]— A&+ Williams Latin square designel wa} A A = Q).

Arbe aigista 7z aet A U A A A AAEQen, &o by e Hr)
B bootholl A 7fE A oz A=A HARE F 62419} 7A]o] AAFE o BE session
< ¢F 1A A% A8 F T

(4) Eﬁ] HM

9 7 Aut= v R EAEAHOR BAEE Ao Adou, dukA el flash profiling
Ay} B4 Ax} (Delarue and Schifferman, 2004)e] we} zF AA 8 T 9 Hr}

ANRE N G AE S92 1, MY 528 AR 29 6How ﬂ%ﬁ}(’% multiple factor
analysis (MFA)E &3l £4313lth 22 +H 2 Hrtd N85 49 T A9 239
9o Hugtoer AskEtl. MFAYXE FactoMineR %4 package (ver 1.14, Husson and
Le 2011)& Ab&3ate] 3=t

3. 202 A}

(1) Ax 84
AAF 2998 13k Oregon State University ﬂr% AAFAE 9] AnxE AL 29 poolo A A
ekt A 71 vFeA] EAs A AFFRI v A vjElew AE P &5e T

2 g9y &8 Bdsls £S5 de=w 3}2}231 7AA9] heavy user group (& 13] o]Ah)3}
light user group % o] TuF EFIHLEH d‘ﬂ" stk =3 9 b3 2049, 30,
40ti7F =T X EF 2Pt (Appendix 1). F 10199 AH[AF AR 2o sk
o, ggo] BT &vat 58S A9 96”44 SHE EA Aol A&kl

1“13 01}14

(2) N&e] F=H] 2 AA

/\13 HE
2 E-}i l AHE®l A1E+= flash profilingoll A ARE3E AR ot LSl AX = AAL 74 A
Ay o] W dF mEE g HAF U7 walk—in cooler (4—10°C)ollA] Hstglct.

2) A g FH
F7EE A7) s Ade 9% 2FE AXE WFAAA AUl ZYzaI A6
(17.8cm*<20.3cm, Thai Griptech Co., Bangkok, Thailand)®l| 220g® Z%3}o] Waaie] W
sttt A 29 Apol7t Alg W7t WA &= s HAssr] fste] B 57 Aol A
e AAE Ao Zehx¥ WA E71(3.0x4.6x2.0cm, Ziploc Twist N Loc Containers,
Johnson & Johnson, New Brunswick, NJ, USA)oll &1, A& H& A3z 3708 & 5C 5
Zof] 971 1A AR 225 6-10C (HA2% 9Cx1)Z SASt A AAF A =



A2 A7l &% W3li= Appendix 29 #U)

3) AA] B

Mg AN A, 7 Asekd e AE gl ARE & Ao & H A3t 2]
By med wAskel 8 g4 (1514, 4% 15em)el 30g4 B7HE A8 § £ G AA
Sgom, UFEAA 5 A Ae AR BASAL AR B A 9L 9F 5 Qw4

=9 AF(22£2C)9F A7MIE 9% 9 AHA(Premium Saltine Cracker, Unsalted top,
Nabisco, East Hanover, NJ, USA)E Al&3}3t}t. Al&E = first sample effect® 4 3}s17] ¢
3Fo] Williams Latin square designol] wa} A A5 ik,

(3) H7y A=}

At *}%5] AEA = Appendix 33 Zoh AwbARl 7|s ket Fm V| E k= 9F
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TE 5% %E e HE (1; W§ 235A &), 5 vlg- Z3FthHE ALEsielth wlesta
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Y- ekttt 3; A9sith (JAR), 5 U Astth). 67) A5 #5447 gh5s & SvxES
HAEHoZ 4, ¥, AL 5 O]?Eﬁﬂ&ﬂ 22 9 X AH o, A3 =g, T2 AH
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2 AFAAT (p=0.05). ATEATY 2934 04 HA HHe 2 $HE) LSS T
o
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ARG 1EE B IAR 54 1 AR 8 TR 1 71EE R AR B4 719 £914 GolF o}
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NGk (p=0.05). o9 BE A 242 SPSS 574 £4 package (ver 20, IBM, Armonk,
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Table 2. The studies related to attributes and foreigner's preference of Kimchi
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Table 3. Mean scores®” of spicy taste intensity of three kimchi samples

Low level Medium level
Spicy Intensity” 29291144
" Mean+standard deviation
7—point category scale (1="None' and 7='Very strong’)

Means within a row not sharing an alphabet letter are significantly different (p=<0.05, Duncan’s
multiple range test)

High level
4.15°+1.07 4.5°4+0.80

J—Tﬂ'lrgr #e a5 v&S 28] lab specs AAT F X“éa FE= W A

1 ab tests HAeto] HF wigt

o] wj&uF A% testE A
= u

1
% 3
new &g Mt FEs d2AE AT

testQ‘r UVW]'X]E Bl d 1695 A
o] w5k AETt FojHoR FiE Ao

9= Agsl.

Table 4. Mean scores® of spicy taste intensity of three kimchi samples

Low level Medium level
Spicy Intensity” 2.98"£1.01

High level
4.28°+0.84 5.82°+£1.00

" Mean+standard deviation
7—point category scale (1="None' and 7='Very strong’)

Means within a row not sharing an alphabet letter are significantly different (p=<0.05, Duncan’s
multiple range test)
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Table 5. Mean scores” of consumer acceptability as three kinds of Fish sauce

Sand lance sauce Anchovy sauce Seasoning anchovy sauce

Overall likingm 4.55%0.69 4.44+1.13 4.10£0.74
Overall flavor Intensityg) 3.91+0.83 4.44+0.73 3.70+1.06
Fish sauce flavor Intensity 3.91+0.94 3.89+0.78 4.00£0.82
}) Meanzstandard deviation
'“7) 7—point category scale (1='Dislike it very much’ and 7='Like it very much’)
¥ 7—point category scale (1="None’ and 7='Very strong’)

5 test A3 Al AEA A 2 2 EANRL A AH A 7ol Ant
ARl 7|5, T1 SHAA #AsHom {5 xpolE AT ¢ ATk AL TR nE F
A FES URlE, 53] Ado] A =B AE ofyg Zolgta dukHEh wEkA dX
=Rl i A Al ARZE WEFI G4 AL F AEF 8] fete] A 5e] ol A
Aoz dsiglon, 718 = 2 AAAA F

e A B testsh PR R 27]0] H4E base W] AP FEE Delshe],
FEACAE AR E SEe] AABAE RS A2 Fut AR A 9He] G
A7 AA gl weh 35 Eo2(NE — 10 150 2.6) TReIGen, AY e g B
o 9w £E2g weste] AA FEE B e W WM gAHch 24 At 2F F
F testsh THTAR A2 Brel e B3t Fo| FEAE THGE AL ol AOR @
SHAT 58 ool AN AL FEsk e AR A w3 Fol g YA B
A W) A AE FEE PR A A4S Fovisita gusgon, veb 22 ¥
EE ARHOR L A ALY FRE AR FRE Wrel % @4 24 A AL
@ A3 NSRS el nn Stk A2 FEE B estold F7 BAZ 44D FEL
Fastel Ml £23 238 B olF + Yt WIS ATHoR FAstel MY

Table 6. Mean scores’ of Fish sauce taste and flavor intensity of three kimchi

samples

Low level Medium level High level
Fish sauce flavor intensity”’ 4.80%+1.08 4.60%1.24 4.53%£0.92
Fish sauce aroma intensity 4.93%+1.16 4.47+1.30 4.87+1.41

U Meantstandard deviation
? 7—point category scale (1="None' and 7='Very strong’)

14



3) A% AR Wy 4
W% lab test D #5 test® B3 4 6 AF gl v gk

Table 7. The ingredients ratio(%) of 6 kimchi samples used in this study

Attributes SLEN SLFY SMFEN SMFY SHFN SHFY
Chinese cabbage 72.55 70.95 71.85 70.25 71.05 69.45
Radish 10 10 10 10 10 10
Red pepper 1.5 1.5 1.7 1.7 2.0 2.0
Red pepper powder 1.2 1.2 1.7 1.7 2.2 2.2
Onion 3.5 3.5 3.5 3.5 3.5 3.5
Green onion 2.5 2.5 2.5 2.5 2.5 2.5
Kelp extract 0.8 0.8 0.8 0.8 0.8 0.8
Sand lance fish - 0.6 - 0.6 - 0.6
Shrimp sauce - 1 - 1 - 1
Fructose 1 1 1 1 1 1
D—Sorbitol 1 1 1 1 1 1
Water 2 2 2 2 2 2
Ginger 0.5 0.5 0.5 0.5 0.5 0.5
Garlic 1.5 1.5 1.5 1.5 1.5 1.5
Shiitake extract 0.25 0.25 0.25 0.25 0.25 0.25
Tapioca 0.5 0.5 0.5 0.5 0.5 0.5
Salt 0.4 0.4 0.4 0.4 0.4 0.4
ORC (Culture medium

of Lactic acid 0.8 0.8 0.8 0.8 0.8 0.8

bacteria on Kimchi)

AR Ag= ZAIZE U] 598 Y Abe e} pHAES st S 317] flslA HA 54
A4 71Es AEsHlth B B 7jes A&ste] AR AmTF AP 713 Sk TUE kg
pHF TS FA8I=AE Adslr] f18te] A8S S8 A7 B¢t 3le +2E FAsST
Flash profiling®] 4% #AX Az F 3¥0°] & AHFH 2 X 12¢ S A8E AHE3HS
o, vx AR AR AS HA Az F wETIHES EFete] 7ol € AHRH 29 T
A= E ARESHATE mebA A Abe 9 pHEES Alx $ 3do] ® AHFE 129 &< sHF
3HA S350 0 Flash profilingdl] AH& © A& ]o)] F7} A& A Zdle] &= 2uHE 23

2 soiet
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Table 8. Mean value of Acidity and pH of 6 kimchi samples

SLFN SLFY SMEN SMFY SHFN SHFY Total
Acidity
Day 1 0.444%Y 0.367° 0.422? 0.371° 0.359° 0.366 0.388%
Day 2 0.413° 0.380° 0.354° 0.357° 0.355° 0.393 0.375%
Day 3 0.443° 0.423° 0.406° 0.382° 0.404° 0.408 0.411¢
Day 4 0.377% 0.345° 0.385° 0.399° 0.372? 0.417 0.383%
Day 5 0.366%° 0.405° 0.383° 0.377° 0.375° 0.405 0.385%
Day 6 0.396° 0.389° 0.383? 0.376° 0.386° 0.384 0.385%
Day 7 0.368% 0.343? 0.358° 0.370° 0.388° 0.405 0.372°
Day 8 0.359% 0.363° 0.372° 0.366° 0.394° 0.380 0.372°
Day 9 0.390° 0.356° 0.371° 0.366° 0.388° 0.362 0.372°
Day 10 0.386° 0.367° 0.410° 0.389° 0.401° 0.397 0.392%
Day 11 0.352%° 0.367° 0.355° 0.383° 0.400° 0.401 0.376%
Day 12 0.267° 0.246° 0.264° 0.259° 0.251° 0.291 0.263°
Total 0.380 0.363 0.371 0.365 0.371 0.383 0.372
pH
Day 1 5.21 5.21° 5.16 5.10° 5.22%¢ 5.14 5.17°
Day 2 5.36 5.31°¢ 5.42 5.20% 5.25% 5.18 5.29%
Day 3 5.22 5.31° 5.16 5.23%¢ 5.18% 5.17 5.21%
Day 4 5.42 5.34 5.35 5.36¢ 5.31% 5.33 5.35°
Day 5 5.28 5.11° 5.23 5.18%¢ 5.00° 5.15 5.16°
Day 6 5.33 5.14% 5.29 5.15% 5.22%¢ 5.14 5.21%
Day 7 5.44 5.30°0 5.36 5.33% 5.47° 5.31 5.37¢
Day 8 5.25 5.31°¢ 5.29 5.27%¢ 5.35% 5.26 5.29%
Day 9 5.29 5,272 5.33 5.34°¢ 5.29% 5.21 5.29"
Day 10 5.17 5.22%¢ 5.17 5.25%¢ 5.22%¢ 5.17 5.20%
Day 11 5.30 5.36% 5.35 5.30° 5.32° 5.25 5.31°
Day 12 5.37 5.42¢ 5.31 5.33% 5.35% 5.22 5.33¢
Total 5.30A7 5.28A 5.29A 5.25AB 5.26AB 5.21B 5.26

U Means within a cell not sharing an alphabet letter are significantly different (p=<0.05, Duncan’s
multiple range test)

? Means within a row not sharing an alphabet letter are significantly different (p=<0.05, Duncan’s
multiple range test)
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2. Flash profiling

Flash profilingoll 4] 7|tsl EA] §oj= & 81719 e (Table 9) ZF 711 =E AHA = 3
Ml A BAE 27719 B4 012 FAE B 2EES /sl 5H e 1%
o] FX]9] flavor profilings 3F%S W (Chambers et al.,, 2013), fermented, fishy,

garlic, ginger, green, green onion, heat burn, pungent, red pepper, vegetable,

fru
Aol
o
i,
o

>
alls
ko

=

vinegar, bitter, salty, sour, sweet, crispness, tongue tingle 5 1770¢] BA} £oj7} =&5]
Atk B Aol JdE 54 8o frExs FHE HAF B4 2] sdd foj9f fAlsk
Ay

-
hu
o, A4 2950 1A 4L F oldsn

Table 9. The sensory attributes developed by the flash profiling panel

Modality Attributes
Dark, bright, red, yellow, orange, green, minced, chopped,
Appearance
chunky, leafy, red pepper flakes
Aroma Sour, vinegary, sweet, fishy, fermented, spicy, pungent
Taste Sour, bitter, sweet, salty
Sour, acidic, vinegary, tangy, briny, savory, fishy, meaty,
Flavor garlicky, gingery, earthy, vegetable, herb, leafy, fermented,
aged, spoiled, metallic, (red) peppery
Trigeminal Burning, spicy, tingly (spicy), sharp, biting, numbing, warming
sensation (spicy)
Fresh, crunchy, crispy, soft, wilted, dry, juicy, moist, smooth,
Texture . . .
chewy, tough, elastic, coarse, gritty, squeaky, slimy
Aftertaste Bitter, fishy, spicy, tingly
. . Plain, mild, light, watery (diluted), flavorless, bland, rich,
Overall impression .
heavy, full, round, robust (full of flavor), refreshing, fresh

AAL 2959 WkE QPHAAL the RV coefficient® H7}H AT} The RV coefficient:= 3
< Al9)g 10 0] 0.60—0.919] #h& HolFo] AA 849 Ad7t -3 AdAE e
ol e Adge] W& 3w ghs Ale w4 Aot AlQEkA &S F4 Aol & abol

ERA] kel BE HlolHE ALEe AL AE EA4d &85t
Fig 13 2t} Sample configuration® a41& 938t 2z} dimension

o 7h Z A=A (high cos2 value) 7 correlation®] %2 543 A|2E A
t} (Table 10). & WHWEL 5709 dimensione® EF AWEW dim 13 27} 1 5 52.2%=
Awslodth. Dim 19 ko] ¥3ES spicy, red, salty, sour, garlicky, rich, ripe 59 E40]
TEHom FA FatEo] don, &9 W= yellow, mild, vegetable o] A F-3tH U
th. (Figure 1). AlE7}F dimlell #3hd $d-& #deH 1271 Fo e oA Jo=
= A& A 4 k. weEbA dim 12 2E27FF HJr7le] b A8 #54 54
om, AE7LF HUFEe] S S uf v A4 ool T

]

A= Aoz Yelth A8 & 538 SLFNI

it 32 of

E oo 1l
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SHENo] dim 1] % represented¥ o] d¢], o] F A&7} 53] dim 19 93] & Ag=H= A
o= olgHr]

Dim 291 SLFYZF 7} Z represented Ho] oW, & SLFY$} SLENZhe], —1gjil
SLFY$} SHFYZFS] thH]S Roj&Eth SLEYE sweetness?} A Fstg ko] w1ako] 9] x]8baL
ol whd SLEN3} SHFY+E metallico] 7 28td &9 Wikl $1xetdt). a7p27F 4
Aol Eo7kA I AY 1%

Aol Holzk A9 @ ool ZuA = WY, 1FAHFIL A5
sk Aol BE we AS BEAe AL Fi oz naldh
Individual factor map
w© - SLFY sweet T
=
o SHFN
=, !
S SMFY
o .
oL
o  — —
o = e SRS NS A SPSSPOOE
3 Yellow, mild, pale, . Red, spicy, squi;
vegetable L salty, rich, ripg
o | SMFN
SLEN SHFY
< . metallic l :
T T T
5 o] 5

Dim 1 (31.75 %)

Figure 1. Product configuration obtained by MFA from the flash profiling

Dim 13} 2| % represented ¥ A &2 SMFN¥} SMFYE dim 33 dim 4914 718 Z

represented¥ At} (Table 10). Dim 32 AA|2] 17.6%, dim 4% AA ] 15.6%5 247+ 3]
Ath SMEN2 dim 39 29 Waoz =/ B3lEo] “fresh’d EAo] & AR L9 Hl8)] 7
3 o2 Yelon, dim 39 o] Whake] B3ty SMFY9} SHFYE “savory”’3dt EA4]
A =# gtk SMFYE dim 49 %o Waow &/ F&t5o] “fishy"8lal “gingery’3t £4J0]
g2 A5 Ee H|3] A3 Aoz YElYth SHFY+ dim 45 #1923k =5 dimensionol A H]
4 moderated FF (0.15-0.34)2] cos2 valueE YEIRATE 53] 2 FolA= dim 5914 7}
cos2 Zto] o} SHFYS} t}2 A5 9] ol o] dim 504 Athzow 2+ 1JrE}UH:‘r-I’l g
th. SHFY+= dim 59 &9 W&oz &7 F3tso] glo] th& AR} Huslgl S uf ¢&5ko]
St A

Dim 2—-594 A&7} 855 9448 B (Table 10) 157 gHaFo] W 49 Ao
H7be @ubs SR Wb 7R gl %

]:J

o

I'W ¥2



Table 10. Samples and attributes that are most well—represented in and correlated to

dimension 1 to 5.

Dim1 Dim2 Dim3 Dim4 Dim5
SLFN cos2 0.57 0.22 0.01 0.13 0.06
coordinate | —6.14 -3.81 0.84 -2.90 2.06
SLFY cos2 0.28 0.55 3.26x<10" 8.54%10" 0.15
coordinate —4.04 5.70 0.44 -0.71 —-3.01
SMFN | cos?2 5.26x10°° | 0.04 0.85 0.11 5.24X10"
Sample coordinate | 0.05 | —1.40 —6.39 2.29 —0.50
DAMPIE FOMFY | cos2 2.21X10° | 0.23 0.20 0.53 0.24
coordinate | 0.31 1.10 2.95 481 3.26
SHFN cos2 0.60 0.07 2.93X10" 0.23 0.09
coordinate | 6.16 2.08 -0.61 -3.81 2.44
SHFY cos2 0.25 0.26 0.15 1.93x107° | 0.34
coordinate 3.66 —3.67 2.77 0.32 —4.25
spicy, red,
. salty, .
positive fishy,
direction sour, sweet savory ineer -
Representative free garlicky, gingery
attributes rich, ripe
. yellow,
negative X R .
. . mild, metallic fresh - bitter
direction
vegetable
Aol Eolle= oy A e ¥ AL AT A A savoriness7t T7HE
Aolgta AZE ey, HA Aabe AR i X 89 savoriness w71 FHo] YERA &
gkt dE S0}, SMFY$ SHFY:E dim 39 %9 whako] 91%3}l] savoriness®t %o Azt
AE 7R 2 5 2oy cos? valueZb Sol dim 3olA 2] Am o] wtr) o] HAF &
2 7bol] savorinessel 3k 7ido] Tt & o 7|¢ldtta B =, QB vt AS A o)
A7ME A7 O savorystthal H7bek whE G2 avjatEoe] Aol HIbEA g2 A9-E o

savorystthal B7pell7] wiEelth 53] ol#d AnAES Aol HUEe W fishy,

=
h
© 7 Ho} savorinessE A

bitter, metallic S22 H7}e= A n R 93t YeEhtEs B4
olgl7| Rtk B2 EA BAS gdHsl= AFgeta g AR wdkdt) Fish saucedl
olsatA ¢F2 ml= AN[AtE = 3 =4 :

& Az ot 9& v

A #A go7t ofd g2 W& 8o ES g AMEsE AoZ YE
259 5A4& ool savoriness® @t o] 1 ogbal shalch
71%& AT (Valentin et al., 2012) 9A] flash profilingol Al ¥o]Zl sensory perceptual
map®] A9 1 dAo] ARA EAHRAET f4 fdvkal (At oWl FA Vs AA
Ex0] AHolot Zw wWo] tha] consensus’F AojA= QDA H|F flash profiling®] 7%
TE B4 &ole] AGogrt Bt FAY HAF 5] oE o2 ARRete A7 2
Folt}. 12y flash profiling 23+= FHE BSHAF 2o 23k Az gALEA Ao}
AA =7t 0™, flash profilingol| A 7HE &5 AnjatEo] 714 F A Q1A 8= AF
o] #sARl SAE Fobsts d AMEE 5 Advkal AlRE BF ok (Moussaoui & Varela,
2010). ¥ A9 @er ArF 8. dE0] L%7 F A7FR Qg Aol & 7HE & 14, Als 3T

< Fdske d sl
&

v, A2e ¥4 &2

>

k\
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54 atolo] Yol wje el ola) 24 Hth E, nFsbTe] Arke B uey
HHe AR AU FUE TR B e 245 g wd, Aae
£4ue 4R gr) dslel o Aol dstout, aulAEe o

A7be aIHE s 24 ¢ c
a9 24l (dim 2-5)A 9] Fv] WstE #AE 5 Ao
USSR AHotel og an] Wste 1F7bE Aol o g t&ﬂit} 2 ggsta A
o=z FHssich

3. &vlR 2Ah

ARl 7|k s 68U R like Fell 7HHAl UERStth. SMEN, SMFY, SHFN©] SLFN%}
SLEYHT} ]2 02 o} AulAtEe] RE T Gapo] W AREHTE RET §Fo ¥

S ARES ASshs 2o vepgth i SHFY ] 7|k thh Fol5o], ax7he Fegol
FA LS B8 Ay avAEe] ddider @ HEd 5 d5S YAIEIT (Table 11). &
A, o) 7Ewe 25t AA] ARl VB et fAbg B BojFo] anjakgel R
= O A7tsksls A5 durh SRE 0L QA she Ao R dEn v sk, A
& 47 59 W A3 2-way ANOVA Ao 12718E A5 duky 7|55
A FFE + WA (p<0.00D), A& 7 R aRVbRe A o] A 28] F
el Aolx] e Ao urE vt oleh o] A e Byt FElehA G AL 2 Al
AR A ol WERIEe] Aute]l Qs vbe FEo R HUMEQLY] wiolHhal Abs

vl euke] A3t = SLENZF SLFY7F th2 Al w8 fodoz A4t vgton 5
3] WA Gof R e va X AHAERE U] g gt glE)] Atste ASR e
Wt xR 7F AYd 5 M =2 $EeZ e SHENY vleuke SMFYS} #2242l
Zhol 7t Gl oyt SMFEYZF JAR valueRth fro]d oz v o H]s] SHENS #9242l Zol&
BolFEA] gFokrh. Wk, SMFN¥ SHFY®E th& Al&Ee] wls] vlest A7k Fokom, 'Y
Wb Eol Agtohal FrE QA axvkEel Ad S Byl XA ANOVA A 1137}

o
T o] aykel 79} fish sauce flavor =59 3 2g-o] vful A o F2 4

=
9 G2 vAE Ao e (p<0.001), A7kl B whege] A L Brkel JRe F
§ 24T & e $2A AERANE A2 WP} AET B ITE T g L
F2 FRANE AL AbE Aa) wew Q1ae] Pw MolthelA] FRa B ek v
Ao, wo FEANE A A A AERE BB Dol AAaA HAG,



Table 11. Mean scores? of consumer acceptability, degree of balance, and JAR

attributes of kimchi samples?

Attributes SLFN SLFY SMFN SMFY SHFN SHFY
Liking Overall liking” 6.2°41.7"Y  6.1°+1.7  6.8°+1.5 6.7°+1.5 6.7°+1.6  6.4"+1.7
Flavor liking® 6.0°+1.7  6.0t1.7  6.7°+15  6.5°+1.7  6.6°+1.5  6.4"+1.8
Intensity Blance® 3.2°41.2  3.1°+1.2  3.8°+1.0  3.6°+1.1  3.6°+1.1  3.5°+1.2
JAR Spiciness/Heat”  2.340.8”  2.3*+0.8  3.2°40.8  2.8°+0.7 2.9°40.7  3.2°+0.8
gﬁ‘m’?ﬁuce 2.7°40.9  3.2°£0.9 28407  3.1°10.8 28409  3.2°40.9

Meantstandard deviation

See Table for sample identification

9—point category scale (1="Dislike extremely’ and 9='Like extremely’)

Means within a row not sharing an alphabet letter are significantly different (p<0.05, Duncan’s
multiple range test)

? 5—point category scale (1="Very unbalanced’ and 5="Very well balanced’)

% 5—point JAR scale (1="Not enough’ 3="Just about right’, 5="Too much’)

™ Bold means are significantly different from the JAR value (3='Just about right’; p<0.05,

one—sample t—test)

3
2)
3)

)

4

Fish sauce flavor®] JAR scorex= A& #7l A5 A7 FH7F AREET o4 o
2 A ArtEdew, axrkEe AP £ ga3E HAA4T 4% 9 I
sauce flavor JARO] 21491 &S veERHA T ( 0
fish sauce &2 %«V*od 33 kg L}EM]X] %% ;gﬂ L]—E}- Jo} A prinh} AE
7.

Flash profiling @49} H 2 7135 AA 23S 7)bke® 339 preference map
(Figure 2) A& &RAHES] 713% EE 7|5% 24 ARt 3 Alg B %Hd 4o

H A gtk AH o2 spicydhal richd ol AW|REQ 7|57} é? HAo
o] EAQ 75 % vectorsS TWESIH milddtal vegetable £ 73 AXE AE ES
A Ak, richdbal spicyd A|55 A& dk= HY, richdlal spicydh savorys& A5E A53)
=AY Tor vd F e 7FeAdS Rt AR VEE H el s =5
oA £ Tl A w=eo]E Aol

Preference map ¥4 Z3} spiciness®} rich flavorZ7} b= AB|AZNA F2EF driver
of likingdl A2.2 Yetstom, Rz Arle uiel wsele 9%, 854 &v, &%, fishy
flavor, savorinessS& 83 7|35 i QA7) ofd Ao E Jehgtl. AHAuFR o=z, HIE
AR = 793 Zol7t gl oy, 2HAEL F &9 TS 7R AEES AS3E
AgE BQ, AFo] B/ & ARES UL H i"}%}—— FE Byt o2 AFS
v =91 ko] Fsta wlggte] o AXE o 2 FE&¥vE 7|9 T v A
7HA v= AZE BPloE 3 B AFEC] mildd FHE 7[E2Z 3 oy, IFF AF A
T Al 127E §%S S AZY Y7t FEEARA S sk o] A st
g

mlo }01.



Contour plot

m30%-100%

m 30% -90%

Spicy, rich,
ripe @ 70% - 80%

SHEN
- 060% - 70%

050% - 60%

Dim.2

22 o B40% -50%
030% - 40%
Spicy, rich, ripe, bitter, 020% - 30%
metallic, savory

SHFY B10% - 20%

W 0%-10%

Dim.1

Figure 2. Preference map of the 6 kimchi samples. See Table 1 for the sample abbreviations.
The description on the sensory attributes of each sample is summarized from Figure 1 and
Table 5.

282} AL Fedgh am|zte] QIFFEAISH AR B AR B A =
o} 2}, ALl FeJdk thEE (¢F 80%)7} caucasian©] o™, 90%7F A A F AEol, 83%
7F A A A Aol Ak EmE g A g3 Aol e AUMAY diF-Ee] &
T2 AAE Folgtia SHIULE AR 7Sk FIFS F 5 dE 8o E A HlE-
2l fish sauce, sauerkraut®} #& 2q AL 2]F pickled th3t 7= o
o] fif-to] o]Eg FAES FolstE R FAMHIILL

AA AFH ESE 2-39 3 M AdF ot SEe vlEo] WA oF 20%% 7V E
ko, o o gl o)} A SEE HAR o]l WA 50%5th A o FH EE g

N
ry
o2,
fz

F ol Mol Aol Aeks S oA A9 o 209 olAvh FE WA ANE B
AN ABEE AA G obAIGk vhl A BeSHE AAIL YRROR, olelF UAEL FE
54 QA Jhe A BeEt B3 954 91 zedel ne golx 44 wE
Hiths $HE 2190 Atk WA Aw fsvbAdlA sk 9A, @53 A5 ohd opAgt
89 AFHAA ABHE A, AFE AANE meb YolA WE ANE F2 et S
A 56% HEE LEbsth, ole ¥ UGS #F4 ARCHE Rl Wi A ol
el el RES WPH PAEY Aoz A

olyel RE AW FAbl Fold 2ulA AT UA R P AF] skl T3
9l Mg Holn EF wEFEE JHHOR Fob FAYOR Y sFsyol B B Ha
ole Ak oleld HFE AAHLEC ANl Wakel AMACE e Wk 5 (67 Clike
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Table  12. Demographic profile and kimchi—related food habits of American consumers
(%) (cont’d)

Gender
Male 46.9
Female 53.1
Age
Under 20 0.0
20—-29 36.5
30—-39 34.4
40—-49 26.0
Over 50 3.1
Racial Background
American Indian or Alaska Native 1.0
Asian 3.1
African American 0.0
Caucasian 80.2
Hispanic or Latino 2.1
Native Hawaiian or Other Pacific Islander 0.0
Two or more races 10.4
Prefer not to answer 3.1
Previous experience in tasting kimchi
Yes 90.6
Previous experience in tasting authentic kimchi
Yes 82.8
Liking of authentic kimchi
Like Very Much 59.7
Like Moderately 29.2
Like Slightly 8.3
Neither Like nor Dislike 0.0
Dislike Slightly 2.8
Dislike Moderately 0.0
Dislike Very Much 0.0
No 17.2
No 9.4
Consumption frequency of kimchi
More than once per week 8.3
About once per week 7.3
2—3 times a month 17.7
About once per month 16.7
Once every few months 19.8
Once per year 9.4
I have tried it only once or a few times 11.5
Never 9.4




Table 12. Demographic profile and kimchi—related food habits of American consumers
(%)

Kinds of kimchi that is most frequently consumed”’

Sold in regular supermarket 17.7
Sold in Asian market 42.7
Served in Asian restaurant (other than Korean restaurants) 29.2
Served in Korean restaurant 49.0
Homemade—following modified recipe 9.4
Homemade—following authentic Korean kimchi recipe 20.8
Others 10.4
Liking of spicy foods
Like Very Much 67.7
Like Moderately 28.1
Like Slightly 3.1
Neither Like nor Dislike 0.0
Dislike Slightly 0.0
Dislike Moderately 0.0
Dislike Very Much 1.0
Previous experience in tasting Asian foods containing fish sauce
Yes 100.0
No 0.0
Liking of Asian foods containing fish sauce
Like Very Much 42.7
Like Moderately 39.6
Like Slightly 10.4
Neither Like nor Dislike 4.2
Dislike Slightly 3.1
Dislike Moderately 0.0
Dislike Very Much 0.0
Liking of fermented vegetables
Like Very Much 53.1
Like Moderately 28.1
Like Slightly 9.4
Neither Like nor Dislike 4.2
Dislike Slightly 4.2
Dislike Moderately 0.0
Dislike Very Much 1.0
Liking of pickled vegetables
Like Very Much 61.5
Like Moderately 22.9
Like Slightly 11.5
Neither Like nor Dislike 3.1
Dislike Slightly 1.0
Dislike Moderately 0.0
Dislike Very Much 0.0

U Consumers checked all that apply.



(2) 4 24

Q)= o] Ao hat 7| E o) S ZAMSE 712 A+ (Lee et al., 2006, Lee et al.,
2007, Lee et al., 2008)°1A = X2 wl& Bro] A& alojx} v] AE Qo= FAlo A9
HATh Byt ok o]& AR[AE rel X9 wig ure] A3 o] fhEY] wiow,
g2 £ mus AFsks 2HAF F-o] ASS 5T 4 .

B Aol E anAEY 715 Al wet #HS U A F Y FHOE oA
= (Table 13). AA &n|=pe] oF 45%00 d@el= i 12 SLENS o} & *]Eoﬂ Hlsj H] ds
8= Awk (SLEN—dislikers) 2.2, 471 3 & SLENS 71 WA A7kl b g2 5719
Alm Frole 71E ke & AolE YEhAl &3ttt SLEN-2 mildshal vegetabl ) 7} sk
Al metallicdt =28 FE o2 B4 ¥ (Figure 1, Table 10), 3 12 Ful7t 714

oFgt A BE HusA & Zow Bt

AA v Abe] oF 10%90] Fsl= w3 2 SLEN, SLFY, SMFENo|| t}& A g5 x5t} f9
HoZ e 7|5k HAFE FUon, 53] aF7HE7F AA Eolrka Ade] 07t SLFYE 7}
F doge Ao® JERth o 29 VsE AFgE BW, AF7HF @‘%‘“’] 2 AR, 29
L F FE AETRE TR AR S Ade] ot ARE A5 Jo® Hof
rich, spicy, and savory3d A& A& (rich & savory klmchl—hkers)"]")r e gtk

AA vAbe] oF 30%7F &t A 39 AS 5 AR VEREE %9]75123 w3
7k th2 39 2y BE AR g8 67 o] VaE HAFE FAdtd, Aoz X
g Azt A4S A9 28y 2 5 SLEN SMENS o2 AJZE9 H] A58 Ao

2 Ho} mildd HAXE M3l He (overall kimchi likers, but particular preference for
mild flavor)o]g} & 4 gt} &4 32 53] SLFY, SMFYE fish sauce flavor7} YAl %
3k Holgkal H7lsldt) (Table 14). 18y 3 39 A% SHFYS 7|3 %7} SLFN, SMFN9]
7139 FolFQl AolE Ho]FXA ekttt o= 3 39| HU}E SHFYQ fish sauce JAR
A47F JAR value$! 33 94 zpolE R3] gkkon flavor balance 4] T2 A|l59}
Zbol & HoFA] go} %% irﬂ 7 Frgoll ©13) fish sauce flavors °FabAl =Z7] o]}
3 daEd, webd 3 3914 fish sauce flavorE 3] H| AEsleE Aoz Alg ¥t

TF 4 AA &R oF 15%°] sFst=tl, o] 52 SHFYE thE Alsol Hla] fol# o
2 9 Fretglen (SHFY-dislikers), 53] o A|2<] flavor balance® WA #7133t}
Flash profilingol4] SHFY+= bitterness®} metallic flavor7} 43 Aoz Yehy, 4 4% o]
g EA40 98 "ztsiA wgete Aow FS5Eh

R S =
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Table 13. Mean scores and standard deviations'’ of overall liking, flavor liking, and degree of

flavor balance of kimchi samples by consumer clusters

Samples
Attributes  Cluster 3
SLFN? SLFY SMFN SMFY SHFN SHFY
» A”5.28a”  C6.84b B6.81b A6.65b A6.72b B6.77b
1(N=43)

(1.61) (1.23) (1.38) (1.38) (1.61) (1.11)

AB5.90b A4.00a A5.10b A7.20c A7.00¢ C7.60c

2(N=10)

(1.85) (1.41) (1.60) (1.23) (1.05) (0.70)
overall” . C7.45¢ BC6.07a B7.34c A6.31ab A6.34ab  BC6.93bc
e 3(N=29) .
1Kimng (1.15) (1.67) (1.08) (1.67) (1.61) (1.28)

BC6.57be B5.57b B6.57bc A7.21c A6.93¢ A3.57a

4(N=14)

(1.34) (1.45) (1.87) (1.42) (1.54) (1.22)

ol 6.19a 6.13a 6.76b 6.69b 6.67b 6.44ab
ota

(1.73) (1.65) (1.52) (1.48) (1.55) (1.66)

L(N—i3) A5.12a C6.72b B6.77b A6.35b A6.67D B6.56b
=43

(1.55) (1.30) (1.43) (1.46) (1.57) (1.26)

N—10) AB5.80b A3.80a A5.30b A7.20c A6.90c C7.70¢

(1.75) (1.48) (1.49) (1.23) (1.29) (0.82)
Flavo C7.14c BC6.10a B7.10¢ A6.28ab  A6.4labc  BC6.90bc
e 5 3(N=29)

g (1.38) (1.70) (1.26) (2.05) (1.66) (1.65)

BC6.43c B5.14b B6.93c¢ A7.21c A6.71c A3.71a

4(N=14)

(1.34) (1.66) (1.69) (1.48) (1.49) (1.33)

5.99a 6.00b 6.74b 6.54b 6.63b 6.36ab

Total
(1.71) (1.74) (1.50) (1.67) (1.54) (1.77)
N=43) A2.58a C3.60b B3.86b A3.49b A3.60D B3.58b
(1.01) (1.05) (0.99) (1.03) (1.09) (1.12)
S(N=10) B3.40bc A2.00a A3.10b A4.00cd  A3.60bcd C4.30d

(1.17) (0.67) (0.99) (1.15) (1.07) (0.67)
Defe‘l%fee of B3.86bc BC2.93a B3.93¢ A3.48bc A3.34ab  BC3.76bc
avor,;  3(N=29)
balance (0.95) (1.16) (1.00) (1.15) (1.11) (0.99)

SN B3.50b AB2.64a  AB3.64b A4.14b A3.79b A2.21a

(1.22) (1.08) (1.15) (1.17) (0.97) (0.89)

Total 3.19a 3.09a 3.77b 3.64b 3.55b 3.51b
(1.71) (1.17) (1.03) (1.12) (1.07) (1.15)

N e oo o

1)

Mean (standard deviation)

See Table for sample identification

9—point category scale (1="Dislike extremely’ and 9='Like extremely’)

Number of consumers in a cluster

Means within a column not sharing a capital alphabet letter are significantly different (p=0.05,
Duncan’s multiple range test)

Means within a row not sharing a small alphabet letter are significantly different (p=<0.05, Duncan’s
multiple range test)

5—point category scale (1="Very unbalanced’ and 5='Very well balanced’)
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Table 14. Mean and standard deviations" of just—about—right scores for spicy/heat and

fish sauce flavor of kimchi samples by consumer clusters

Attributes Cluster ) Samples
SLFN SLFY  SMFN SMFY SHFN SHFY
N A”2.00a"” A2.44b AB3.28b A2.77c A2.9lcd  A3.09de
(0.85) 0.77)  (0.73) 0.61) 0.61) (0.68)
N=10) AB2.50b AL.90a A2.80bc  A2.80bc  A3.10bc  A3.30c
(0.53) (0.74)  (0.92) (0.42) 0.74) (0.48)
Spicy/Heat®  3(N=29) AB2.45ab A2.34a AB3.21d A2.69bc  A2.86c  A3.38d
(0.74) (0.90)  (0.77) (0.93) 0.79) 0.78)
JNe1q) B204b  A221a B343c  A300bc  A279b  A3.00bc
(0.84) (0.80)  (0.65) (0.55) (0.58) (1.11)
Total 2.28a 2.32a 3.23¢ 2.78b 2.90b 3.19¢
(0.82) (0.81)  (0.76) 0.70) 0.67) 0.77)
(Nogz) A260a  AS12b  A267a  A277a  A247a  AS.0%
(1.12) (0.73)  (0.75) 0.75) (0.88) (0.95)
p(Ne1g) A%60a  A340a  A290a  AB320a  AB3.00a  A310a
(0.84) (1.35)  (1.10) (0.42) (0.47) (0.88)
Fish sauce 3(N=29) A2.90a A3.38b  A2.86a B3.34b B3.10ab  A3.14ab
flavor (0.56) (0.98)  (0.58) (0.86) (0.90) (0.58)
MNelgy AZ9%  A3lab  A279a AB3.21ab ABZ792  B3.79b
(0.62) (1.03)  (0.58) (0.58) (0.58) (1.37)
Total 2.74a 3.23b 2.77a 3.05b 2.76a 3.21b
(0.89) (0.92)  (0.72) 0.77) (0.86) (0.94)

Mean (standard deviation)

See Table for sample identification

5—point JAR scale (1="Not enough’ 3="Just about right’, 5="Too much’)

Number of consumers in a cluster

Means within a column not sharing a capital alphabet letter are significantly different (p=0.05,
Duncan’s multiple range test)

Means within a row not sharing a small alphabet letter are significantly different (p=<0.05,
Duncan’s multiple range test)

Bold means are significantly different from the JAR value (3='Just about right’; p<0.05,
one—sample t—test)
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Table 15. Kimchi consumption experiences and related food habits that showed a significant
differences among the 4 clusters

cluster1(%) cluster2(%) cluster3(%) cluster4(%) vaﬁlel)

Previous experience in tasting authentic kimchi 0.018
Yes 79.5 77.8 96.4 63.6
No”’ 20.5 22.2 3.6 36.4

Liking of Asian foods containing fish sauce 0.052
Dislike very much 0.0 0.0 0.0 0.0
Dislike moderately 0.0 0.0 0.0 0.0
Dislike slightly 2.3 10.0 0.0 7.1
Neither like nor dislike 0.0 20.0 6.9 0.0
Like slightly 4.7 0.0 20.7 14.3
Like moderately 39.5 30.0 44.8 35.7
Like very much 53.5 40.0 27.6 42.9

;;x —test to test significance of difference between clusters
Responses of no previous tasting experiences of kimchi are included (See Table 12)
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Attributes SLFN SLFY SMFN | SMFY SHFN SHFY
Chinese cabbage 72.55 70.95 71.85 70.25 71.05 69.45
Radish 10 10 10 10 10 10
Red pepper 15 15 1.7 1.7 2.0 2.0
Red pepper powder 1.2 1.2 1.7 1.7 2.2 2.2
Onion 3.5 3.5 3.5 3.5 3.5 3.5
Green onion 2.5 2.5 2.5 2.5 2.5 2.5
Kelp extract 0.8 0.8 0.8 0.8 0.8 0.8
Sand lance fish _ _ _
sauce 0.6 0.6 0.6
Shrimp sauce - 1 - 1 - 1
Fructose 1 1 1 1 1 1
D—Sorbitol 1 1 1 1 1 1
Water 2 2 2 2 2 2
Ginger 0.5 0.5 0.5 0.5 0.5 0.5
Garlic 1.5 1.5 1.5 1.5 1.5 1.5
Shiitake extract 0.25 0.25 0.25 0.25 0.25 0.25
Tapioca 0.5 0.5 0.5 0.5 0.5 0.5
Salt 0.4 0.4 0.4 0.4 0.4 0.4
ORC (Culture
medium of Lactic 0.8 0.8 0.8 0.8 0.8 0.8
acid bacteria on
Kimchi)
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V. Appendices

Appendix 1. Recruiting screener of consumer panelists for Kimchi test

Note — these questions are in the order of recruitment importance.

1)

How often do you have Kimchi?

More than once per week

Less than once per week — more than (and equal to) once per month

Less than once per month — more than (and equal to) 2—3times per year

Less than 2—3 times per year

Used to have frequently (more than once per month) in the past but do not eat now
Have tasted before but do not eat now

Never tasted

o a0 T

We need to have 50% of heavy user group (a+b for 50% of consumers), and 50% of light user
group (c+d+f+g). If it is not possible, recruit consumers with the highest consumption
frequency in descending order (a—b—c—e—d—f—g).

2)

3)

4)

5)

6)

Fr oo a0 o

o o

Which one of the following countries was you born and raised?
Canada

China

Japan

Korea

Mexico

United States

Other (I was born in one country and raised in another)

My country is not listed above.

Do you have Korean ancestry (Are you a Korean—American?)
a. Yes
b. No

Please select your age category:
Under 20

20—29 years old (try for 40%)
30—39 years old (try for 30%)
40—49 years old (try for 30%)
50—59 years old

Over 60 years old

mopao0 o

Are you the primary shopper in your home?
Yes

No

I share the shopping equally

Your Gender:
Female (try for 50%)
Male (try for 50%)
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Appendix 2. Mean temperature (°C, n=3) of each kimchi sample during the
consumer test in the US

SLEN SLFY SMFN SMFY SHEN SHFY

1 session 8.2 8.1 10.5 7.5 8.1 7.3

2 session 10.8 8.8 7.7 9.7 8.1 10.3

3 session 10.6 9.9 10.3 9.3 9.1 9.1

4 session 10.4 10.5 8.7 8.5 10.2 9.8

5 session 10.3 9.6 10.1 8.9 8.8 10.5

6 session 7.4 8.9 6.5 9.5 8.1 8.7

7 session 9.3 10.5 8.8 9.4 9.7 9.6

8 session 9.8 8.7 9.9 9.3 9.1 8.4

9 session 9 7.6 7.4 6.7 8.2 7.1
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Appendix 3. Ballot for consumer test in the US

. WELCOME to the Kimchi Consumer Taste Test
Today you will evaluate six kimchi samples. There are 5 questions to answer per
sample.

Panelist Code: Panelist Name:

Sample

Question # 1. Please look at and then taste the sample. OVERALL, considering .
APPEARANCE, AROMA, FLAVOR, and TEXTURE, how much do you like or dislike this
Kimchi?

Like extremely

Like very much

Like moderately

Like slightly

Neither like nor dislike

Dislike slightly

Dislike moderately

Dislike very much

Dislike extremely

: JUbuiboo

# 2. Taste the sample. How much do you like or dislike the FLAVOR of this
Kimchi?

Like extremely

Like very much

Like moderately

Like slightly

Neither like nor dislike
Dislike slightly

Dislike moderately

Dislike very much

I

Dislike extremely
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Question # 3. Considering the intensity of each flavor component of this Kimchi, how
balanced would you say the flavor is?

Very well balanced

Somewhat well balanced

Somewhat unbalanced
Very unbalanced

L]
L]
|:| Neither well balanced nor unbalanced
L]
L]

Question # 4. You indicated that this Kimchi is “Very Unbalanced” or “Somewhat
Unbalaqced”. Please explain what it is about this Kimchi that you feel

(note: in order to move to the next screen, you must write something in the
comment box.)

Question # 5. When thinking about the SPICINESS/HEAT of this Kimchi, would you

[ ] Too spicy/hot

[ ] Somewhat too spicy/hot
:l Just about right

[ ] Not quite spicy/hot enough
L1

Not spicy/hot enough

Question # 6. Considering the FISH SAUCE FLAVOR of this Kimchi, would you say it

:| Too much fish sauce flavor

:| Somewhat too much fish sauce flavor
:l Just about right

:| Not quite enough fish sauce flavor
L]

Not enough fish sauce flavor

Question # 8. Please indicate your gender:
Q Male
QO Female
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Question # 9. Please indicate your age category.
Q Under 20 years old
20 — 29 years old
30 — 39 years old
40 — 49 years old
Over 50 years old

00D OO

Question # 10. Please indicate your racial background.
American Indian or Alaska Native

Asian

African American

Caucasian

Hispanic or Latino

Native Hawaiian or Other Pacific Islander

Two or more races

Other

Prefer Not to Answer

000D O0OD0CDOOD

Question # 11. Have you had any Kimchi before?
a Yes
a No

Question # 12. Have you had authentic Kimchi before (made by Koreans or
purchased from a Korean grocery store)?

Q Yes

a No

Question # 13. How much do you like authentic Kimchi (made by Koreans or
purchased from a Korean grocery store)?

Like Very Much

Like Moderately

Like Slightly

Neither Like nor Dislike

Dislike Slightly

Dislike Moderately

Dislike Very Much

0O0DO0OO0O0OO0OD

39



Question # 14. How often do you eat Kimchi?
More than once per week

About once per week

2—3 times a month

About once per month

Once every few months

Once per year

I have tried it only once or a few times

o

Never

Question # 15. What kind of Kimchi do you eat most frequently? (select all that
apply)
Q Sold in regular supermarket
Sold in Asian market
Served in Asian restaurants (other than Korean restaurants)
Served in Korean restaurant
Homemade —following modified recipe
Homemade —following authentic Korean Kimchi recipe
Others

[y oy oy iy

Question # 16. How much do you like spicy foods?
Like Very Much

Like Moderately

Like Slightly

Neither Like nor Dislike

Dislike Slightly

Dislike Moderately

Dislike Very Much

Question # 17. Have you had Asian foods containing fish sauce (e.g. Thai foods,
Kimchi)?
O Yes
a No
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Question # 18. How much do you like foods containing fish sauce?
Like Very Much

Like Moderately

Like Slightly

Neither Like nor Dislike

Dislike Slightly

Dislike Moderately

Dislike Very Much

0O0DO0OO0O0OO0OD

Question # 19. How much do you like fermented vegetables other than Kimchi (e.g.
Sauerkraut)?

Like Very Much

Like Moderately

Like Slightly

Neither Like nor Dislike

Dislike Slightly

Dislike Moderately

Dislike Very Much

0O0DO0DO0DO0ODO

Question # 20. How much do you like pickled vegetables (e.g. pickles)?
Like Very Much

Like Moderately

Like Slightly

Neither Like nor Dislike

Dislike Slightly

Dislike Moderately

Dislike Very Much

0O0DO0OO0O0OO0OD
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