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Abstract

Previous studies conducted mainly in Europe have demonstrated that wine color biases the perception of wine aroma
and flavor even by wine experts. In this study, we aimed to replicate the effect of wine color on the perception of wine
aroma and flavor in the Japanese population. We also aimed to examine the effect of wine color on the perceived intensity
of sweetness, sourness, and astringency. Ten Japanese individuals including wine importers, restaurant managers, restaurant
sommeliers/workers, and social drinkers participated in the experiment. The participants were given one glass each of
white wine, red wine, and white wine dyed pink to imitate rosé wine (fake rosé wine), and were asked to describe their
aroma and flavor characteristics by selecting from a list of descriptors. They were also asked to rate the perceived intensity
of sweetness, sourness, and astringency, the overall flavor intensity, liking, and the difficulty of describing the wines. The
results demonstrated that the participants used red fruit descriptors to describe the aroma and flavor of the fake rosé wine.
The participants also rated the fake rosé wine as being less sweet, sourer, and more astringent than the white wine, even
though these two wines were the same. The results indicate that the effect of color on the perception of wine aroma and
flavor can be replicated in the Japanese population, and that the perception of basic tastes is also susceptible to this effect.

Some implications for winemaking and wine serving are discussed in this paper.
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Fig.1 White wine (left) and fake rosé wine (right, white wine dyed pink).
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Table1 List of aroma and flavor descriptors used in the aroma and flavor description task.

Cluster Descriptor

Green fruit Apple, Pear

Citrus fruit Grapefruit, Lemon, Lime
Stone fruit

Tropical fruit

Peach, Apricot, Nectarine

Banana, Lychee, Mango, Melon, Passion fruit, Pineapple

Redcurrant, Cranberry, Raspberry, Strawberry, Red cherry, Red plum

Red fruit

Black fruit Blackcurrant, Blackberry, Blueberry, Black cherry
Dried fruit Fig, Prune, Raisin

Floral Blossom, Rose, Violet

Herbaceous Green bell pepper, Tomato leaf

Herbal Eucalyptus, Mint, Fennel

Pungent spice Black pepper, Licorice

Others Flint, Wet stone
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Fig.2 Cluster-based distribution (% ) of aroma (upper) and flavor (lower) descriptors for the three wines.
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Table 2 Estimated effects of fake rosé wine on cluster-based distribution of (a) aroma and (b) flavor descriptors.

(a) Aroma description (nose)

Cluster Estimate 95 % CI SE T-value P-value S-value c-null
Green fruit 0.3 (-1.011,0.411) 0.308 0.973 0.359 1.478 0.6
Citrus fruit 0.4 (-0.965, 0.165) 0.245 -1.633 0.141 2.825 0.8
Stone fruit 0.2 (-0.565, 0.165) 0.158 -1.265 0.242 2.050 04
Tropical fruit 0.1 (-0.405, 0.605) 0.239 0.418 0.681 0.554 0.2
Red fruit 0.6 (0.150, 1.050) 0.213 2.813 0.012 6.384 1.2
Dried fruit 0.3 (-0.037, 0.637) 0.153 1.964 0.076 3.723 0.6
Floral 0.3 (-0.102, 0.702) 0.191 1.573 0.134 2.898 0.6
Herbaceous 0.1 (-0.123, 0.323) 0.100 1.000 0.341 1.551 0.2
Herbal 0.1 (-0.323,0.123) 0.100 -1.000 0.341 1.551 0.2
Others 0.1 (-0.309, 0.109) 0.098 -1.016 0.325 1.623 0.2

(b) Flavor description (palate)

Cluster Estimate 95 % CI SE T-value P-value S-value c-null
Green fruit -04 (-0.751, -0.049) 0.166 -2.417 0.028 5.160 -0.8
Citrus fruit -0.2 (-0.832, 0.432) 0.274 -0.730 0.486 1.041 -0.4
Stone fruit -0.4 (-0.765, -0.035) 0.158 -2.530 0.035 4.826 -0.8
Tropical fruit 0.2 (-0.502, 0.102) 0.133 -1.500 0.168 2.575 -0.4
Red fruit 1.4 (1.049, 1.751) 0.166 8.458 < 0.0001 21.836 2.8
Black fruit 0.1 (-0.123, 0.323) 0.100 1.000 0.341 1.551 0.2
Dried fruit 0.1 (-0.123, 0.323) 0.100 1.000 0.341 1.551 0.2
Floral -0.1 (-0.450, 0.250) 0.167 -0.600 0.556 0.847 -0.2
Others 0.0 (-0.270, 0.270) 0.127 0.000 1.000 0.000 0.0

Note: Clusters that were not selected for both white and fake rosé wines are excluded from this table, namely, black fruit and pungent
spice for the aroma description, and herbaceous, herbal, and pungent spice for the flavor description.

INSDOREIZEY v SN L TCEOSHEICET
B RS S NG R E, S NHED
S8 (BINME 104 x 358 =305E) Ty 52 LTk
7z, FHilHREOEFHE I3 5 0 A R OR)
REBEIT 5720, BRAEDRETNVIIBIT ZEER)
R (BHIA VY EREEL LBOT7 470X T A~
DEFORERE) ZHEST L LB, ToWE
figa Table 2R L7z, 74 Y &I EHELRIOR D
(Table 2a) (IZDOWTClE, 7=z 27aET 1 IZxL
TIEATA ¥ & HRTHIRREDEFIHEE A — A4
720 06T EBINT B L L I2, IR I ORI
FEAS03[HNE EHI L T /e ARk, fEEOEIR
BHEED 03[ EIN$ 2@ H > 72— T, H
W BEIRHEEE 13 0.4 [0 1T LA B HEINICH - 72,
AV EOZE AT ETOBED W (Table 2b) (2D W
TlE, 72427074 LI LTIEATA v ]
NCHRARFEORTIHE D — N K720 1.4 01T &3

ML Twiz, Z20—FT, fkORREFEOEIHAE L
0411F EWAT 5 & &I, HRERLEDEJUEE O
04T A LTz, F72, hOEA LT IL—
OEFEEE D 0.2 [T L AEIAIZ D - 72,

2. JSLIR BE R WE IR o0 BN

AENRE TV XD HEE S N7 4Rl E £ 5
DOHEE DTG % Table 3127 L7z T2, 2hb
DHEBABEANOTLIRECORR LT T 5720,
TxAr7u¥T Ay ERTA IIBIT L EFHGIE
HOVEEDOZDOWKIERIT% o7z (Table 4). &5
12, SNSDOMERBBIZE Y ERLPHES X O
DIFEOB % Fig. 318 L7z, HRO#E S 7 =
A 78ETADIEHIDVHTA LD H049 11T
Koz, 72, 724 70X¥T4 VAT A V&
D HEREOIR S 25031 BT EEHWEIANCH D, R
DIEZH 051 TITEFmNEAICH -7z, —HT, &



J. ASEV Jpn., Vol. 34, No. 2, 5765 (2023)

KB AL - EFIFIH

Table3 Estimated marginal means of ratings (on a scale of 1-5) for each wine in the sensory evaluation
task. The standard error of the means is shown in parentheses.

White wine Fake rosé wine Red wine
Sweetness 2.99 (0.31) 2.50(0.31) 2.00 (0.33)
Acidity 3.49 (0.38) 3.80 (0.38) 3.23 (0.50)
Astringency 1.76 (0.34) 2.27(0.33) 3.76 (0.34)
Overall flavor intensity 3.25(0.23) 3.20(0.22) 3.36 (0.23)
Liking 3.75(0.29) 4.00 (0.28) 3.42 (0.29)
Difficulty 2.98 (0.45) 3.39 (0.44) 3.41 (0.47)

Table 4 Results of paired comparison (fake rosé wine against white wine) of each sensory attribute.

Estimated mean difference 95 % CI SE T-value P-value S-value c-null
Sweetness -0.487  (-0.953,-0.022) 0.219 2223 0.041 4.596 0.974
Acidity 0.308 (-0.168, 0.784) 0.224 1.373 0.189 2.407 0.617
Astringency 0.508 (-0.282, 1.299) 0.373 1.362 0.192 2.383 1.017
Overall flavor intensity ~ .0.047 (-0.616, 0.522) 0.268 0.173 0.865 0.210 -0.093
Liking 0.247 (-0.492, 0.987) 0.349 0.709 0.489 1.034 0.495
Difficulty 0.411 (-0.194, 1.017) 0.285 1.444 0.169 2.568 0.822
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Fig. 3 P-value functions of the estimated mean difference (fake rosé wine against white wine) in the sensory evaluation. The values on top
of the curves represent point estimates of the mean difference. Vertical lines show the null value (i.e., true mean difference = 0). The values
indicated by circles represent the counternull values. Dashed horizontal lines show the conventional “significance” threshold (i.e., p = 0.05),
and the area above the dashed line shows 95 % CI of the estimated mean difference.



ROV OIREIIZIT & A EEDRASLN Lo
o, FELEE 7242708 TA4 DT HBHTA
YED 025 HIFEEVEIANCH 72 b DD, Wit
GELIEFEARWV. B ERDVOLARES L
TxA7aETA DT BHTA L) 0415
I EBWEEICH - 7.

E A

H7A yosuaXikicELshiz7 470y A
YOFDITHLTIE, A7 Tl ERS N R
Mo 2R A RFEOFHI AL S < EIRS N5 A
Hotz. T LIMEIET A V2 I EAZBROKE
OWVORBICBNTCHICEETHY, 72470
T A I L CERARREOFHlHFED & b % %
RENTW7z, OERRICELSINTATA Y OFD
NaEXTA U THLIIPDTEL G INLZ L,
LCEDL ) BT AV EINCEALROKD
VORI IZBWTRICHEEZE TH DL Z L1E, AA ¥
D5EFTHEZE (Wang and Spence 2019) & [AlkEO#E T
HY, T4 OEMOBIEIZLLFD LIRDVOAI
HAOREDS, ARNENRE LI2ARIIZEIZB VT
DEHEINIEVRZE, ZOZ b, T4 r0mH
EWVIAHBIEERAT A L OFY LRbVWOME, h
THHIZ, ZNAMTDOFED - BRDWTH 5 D ¥l
WCBWTEEREEHZH-TWE I L 2o TORE
LTwW5,

I OBAEIZT A ¥ DD VORIR IR b EE
#RIZLTEY, A7A ViZuicEmsns
ETHRIZ L DE5 L, BOFICERIR & 3R & 0 i <
EUOHNB I EDbrolz, a4 L iEHO2S
FOFTEIESERATANTOLHENEHIZE D0
boT, OXRRICER IS Z L THEROWIH & ik
BROBRA A SN2 L1, FOT AL L TE
ENTWF) OFBEICHE L T2 ITREED S
B2l ZI1E BT A AR LTk e R R E R
WBEICMZ TABRER PO EA VT V=Y R L,
HE AR S 25 ) 2SN E L shTwvniz—
HT, 7zA4A70¥T4 NI LTUETINEOFRE
FIZEAEEENTELT, BRRZ RS 55R%
RECHBEI R LL O T, BEOWY
RERIELZED B [Hw] X=F70F)) »
HHIET, FTNE—FHLIKREOME (F: =

T A OBFADED LD VOIMEN KT 8

HEAROHIR) 2SN D 2 & 2R L7254 Dk
TIF7e D4, (e.g., Sakai et al. 2001, Stevenson et al.
1999, Onuma et al. 2018) ##F 2 5 &, SHO T =
470X T A 2 TIIHKRZ RSS2 REOF A
FEACHEESNY, —T THRIKZ R S & 5 8%
RERHIEHDEERICHE S N72720, HIROA
RO FE TP S 72— 7 THRIR O FI R IR EE |3 1 5k &
nizbotEzohs. £/, 74704
TEIROHERES R I N2 L id, BT FoH
ROy =R INIZZ EITL o TERS LD
MR EINTOTHSL I LEZLND.

SR ZREDVOFR S 123 L CTldu BEEE B O
RiFFEAEALN LD o7z, T, Figure 1725
bbb i), AV v EEBEINT T A1
YA ETHEORRIIZEAEEZDP N LK
LEzoNhb F/ 7xA7u¥IA LIEED
RHOWAIRRUF L (KL S NBEHAIZH - 7275,
GRIOT =8 P oI NP NRTH L LIEF
RIpIpolz. WRDWIZR$ 2 EHEIL S Do TEB
TEAZEDRE S, SMEOHTL O EHRIZEER
SINDHZETINHFFILAEEZZANE, OS2I
L B U7z ADS 72720, ARFZE Tl %)
RELTHhHOLDN Doz EEZONS.

AWFRICBITBRATE LT, E—IZ, 73T
HBHEBRZIMBEP0G L DR ol720, AT
%2 (Morrot et al. 2001, Parr et al. 2003, Wang and Spence
2019) &2 & BFHOBIEIC L 2RROB T
Bdpo/zbERON5. TN »rbLT, AN
A Y DFEATHIZE T A SN2 O L [FEFROR R TR
ENZens, TALAOETCLLEFEDN LKLV
DHHENOFZBEIE DO GHELZBRTH 2D Z LA
RIEIND. Lidwvz, SHROMETIIERSNE
DE T HER LN D & S 729k e 1T ) 2 &
T, RBFETIEME L ENLD o 2T REMEDN D 55
BIZOVTHFMICRE T A2 LT A5 ).
£, HD RO OO OB BN TS
TN ALFHI R 2 3 EEIR S ¥ 7205, &SME I
EOTEDHFEEPRDEETH - 72MITRERL TH
STHOLNTR. 72, MBI EEH A % 3
F CHRIICBIR S 72720, EBIZAE STy
72k % (HHWIIAHRL) HiFEEERSET
LEoTwAmikbd s, 20705 %OM5ET



J. ASEV Jpn., Vol. 34, No. 2, 5765 (2023)

&, DY) BN LAY 313 —D0FEIR
X, FOGRTHBINICHEZBNES®SZ LT,
BIRE N BB ORFEIT T 2EADIT 27572 1
TOGNMETLUERH LS. £2FOBIZ,
B 722 FEE O BB B HIR 2 B 3 L 34
Z T, B & B HE DR SR FE O IR
EEOBM PO BEETEL L) IR ILEEZLN
5.

KFZE Tl ERBIEORNRE LT "o X
74— /" EAKDIGP Terre de Camargue D177 1 ~
REH LA, 4RI T4 v L oEMESE
SFICRLDLTA VR L6, HmfliRiEC &
DRREMED L HNZASNL D% MRS 5 2 &
PRLETHS ). FICRFIZBWTE, Er®Fr s
ALIXLITREE 22 HIN (MBS 2007) %5
e LzB7A4 v iconT, Bl EDLLZ L TH
DERDVOHIENRED L) IZERT Lh%E THEIZ
BREL TWS ZEDPHEBERTHLLEEZ LN L.

TAYOBFIZLDEHEN LDV OHIEND LR
DLERE A S = A LR ZDBAREY /Y — 12D T
WA RS ER SN TN ZET, T4 Y OfEER
=V 2ADOBBIZL —EOEBDE L ENDLEEZD
b, 72k 2, BEEIEFICEILIFEY LEbV
DHIRANDHEDINY — v b FE 2 OOBEE O
BUEZITH) LT, 2074 Y THIETHED LK%
bWOTa T 4 —VEEMIIEETTE DL L)1k
L1255, F72, T4 omFEFOR 2 IR
S E o THEHT LI DS, E2IETA >
DY —EAOBGTIIRMEST L2714 2 DF D Lkb
WD T T 4 — I H E OV TR % @) i
RHZET, ZOIAVE2L)—BELATLSHZ
LE)BTRNPTEL EMRFEESND.

L3 ]

MEBRTHLIA Y OEME, ZOTL4 D5
BRH), MbWiPllTL-00Fr" 10 kb
P Th, BMAFOMRHNTELLED RHEDLVO
HMEARBYIZHIAOT, BEIELENW) T LD
WHOWZEIC L Vs Cc&. LaLl, 74>
X3 % RS RPHERF I SU LD S 5 7280, Z O]
FOZUERENELFTHIT 5 720121%, KRFICH
WTHARANZMNGE L7 LETHL. 22T

KB AL - EFIFIH

KIFFECl, WNOTITE TS SN T& 7274
YOBFNIELED ERDVOMEANOEEE, H
RANZRRE L72EBRICX ) HRIET A2 L2 HW
E L7z WIS, HERRERIR, KA E, IhET
DOIFFE TR SN T Hhh o 2R bV OHIERE
NOFBER PG L7, ERSINER, AUA
YERTA Y, FLCH—OHTA YU A v
MlcEmENT 72427094 D3 L%
NEFCHR S, FY LD WO A FHIHE
FWVTEIRT 2 & & B 12, BRb VOB TR R IR
WOl A T 572, FEEROMER, TERRIcELR I
TEHETA ISR LTE, HaInTwhwnE—0H
TA Y ERTIRRREOER) LIRDWAIL LD
NBEZERDRY, T4 OEFIZLDEED LkD
WORIREANDEENH RN T FAMFICAELD Z LA
RENTZ, EHI, BERICEBRINHT A Vi
EOINTVWRWE—OHT 1 ¥ & RTHKRDEY
<, —HTEREERITEJEEONTEBY, 74
Y OEFIERD VORI L RITT L
BELOTREINT. S, T4 OBFIZLLEE
D ERDVOHIENDHED A I = ALY —
BT AR S U, BRI AR
DEHMPERY — EADOBIGII BT 5 HASMB &
ORAEEEDFAD TR E12oWT, FERZIRE
MTELEHIIIL PRI NS.

3 WK

Amrhein V and Greenland S. 2022. Discuss practical
importance of results based on interval estimates and
p-value functions, not only on point estimates and null
p-values. J Inf Technol 37: 316-320.

Amrhein V, Greenland S and McShane B. 2019. Retire
statistical significance. Nature 567: 305-307.

DuBose CN, Cardello AV and Maller O. 1980. Effects of
colorants and flavorants on identification, perceived
flavor intensity, and hedonic quality of fruit-flavored
beverages and cake. J Food Sci 45: 1393-1399.

FEJEARE Sy, KATELET. 20100 U A VICBT A WEEE
HMOHARBE—EX T YLy aIa=g 4 KF
2B PR 2 T30 0 I L T—. BliG5k
REREAATE. 89:31-62.

NEBEN, El#F%, BH [T 2007. FH7 A ot



AT RIS 2098 BB 28 . LA SE Al 2 >
5 — PR 29 S EERF e

Lavin JG and Lawless HT. 1998. Effects of color and odor on
judgments of sweetness among children and adults. Food
Qual Pref 9: 283-289.

Lockshin L and Corsi AM. 2012. Consumer behaviour for
wine2.0: A review since 2003 and future directions. Wine
Econ Policy 1: 2-23

Morrot G, Brochet F and Dubourdieu D. 2001. The color of
odors. Brain Lang 79: 309-320.

RIPEAM, 2019, HTHD ) 2 & oLHEE a3
fge. 4:123-131.

Onuma T, Maruyama H and Sakai N. 2018. Enhancement
of saltiness perception by monosodium glutamate taste
and soy sauce odor: A near-infrared spectroscopy study.
Chem Senses 43: 151-167.

RIFee—, HKHE, FHOmE, SRR, JEL
1985, EREA—7 4 F) =T A4 Y ORME L. H
AR 5. 80: 867-874.

Parr WV, White KG and Heatherbell DA. 2003. The nose
knows: Influence of colour on perception of wine aroma.
J Wine Res 14: 79-101.

R Core Team. 2020. R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. https://www.R-project.
org/.

Rafi Z and Greenland S. 2020. Semantic and cognitive
tools to aid statistical science: replace confidence and
significance by compatibility and surprise. BMC Med
Res Methodol 20: 244. https://doi.org/10.1186/512874-
020-01105-9

Rosenthal R and Rubin DB. 1994. The counter null value on
an effect size: A new statistic. Psychoi Sci. 5: 329-334.

Sakai N, Kobayakawa T, Gotow N, Saito S and Imada S.
2001. Enhancement of sweetness ratings of aspartame by
a vanilla odor presented either by orthonasal or retronasal
routes. Percept Mot Skills 92: 1002-1008.

Stevenson RJ, Prescott J and Boakes RA. 1999. Confusing
tastes and smells: How odours can influence the
perception of sweet and sour tastes. Chem Senses 24:
627-635.

Wan X, Woods AT, van den Bosch JJF, McKenzie KJ,

TA Y DEFHNPED ROV ORI KT T R

Velasco C and Spence C. 2014. Cross-cultural
differences in crossmodal correspondences between
basic tastes and visual features. Front Psychol 5: 1365.
doi:10.3389/fpsyg.2014.01365

Wang QJ and Spence C. 2019. Drinking through rosé-coloured
glasses: Influence of wine colour on the perception
of aroma and flavour in wine experts and novices.
Food Res Int 126: 108678. https://doi.org/10.1016/
j-foodres.2019.108678

Wine and Spirits Education Trust. 2016. WSET Level 3
Systematic Approach to Tasting Wine. https://www.
wsetglobal.com/media/3119/wset_13_wines_sat_en_

jun-2016.pdf



