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Analysis of 4-mercapto-4-methylpentan-2-one in sake presented at the Sake Contest

Sachiko Iizuka, Atsuko Isocal Ryoko Kanpa, and Tsutomu Fujn

(National Research Institute of Brewing, 3-7-1, Kagamiyama, Higashihiroshima, 739-0046 Japan)

Recently, "muscat-like”, "litchi-like" or "citrus-like" odor characteristics have been indicated in sake pre-
sented at Sake Contests. As thiols were considered to contribute to these odor characteristics, we ana-
lyzed one of thiol compounds, 4-mercapto-4-methylpentan-2-one (4MMP), in sake presented at the Sake
Contest in 2015. The content of 4MMP in 25 samples was 5 ~ 14 ng/L, which was higher than the percep-
tion threshold of 4AMMP in sake (1.2 ng/L) previously reported. To study the influence of 4MMP on the
odor property of sake, a sensory evaluation was performed with the addition of 4MMP to the sake. The
‘sulfur’ odor property was significantly enhanced by the addition of > 8.0 ng/L of 4MMP. Though the ad-
dition of 16.0 ng/L of 4MMP significantly lowered the total apparaisal, it significantly enhanced ‘fruity’
odor properties different from the aroma of ethyl caproate and isoamyl acetate.

Key words : 4-mercapto-4-methypentan-2-one, £EHEEFS, F4 —IVHE, B

&

SEFEEFEOTFETRI IO T7 7 4 VI 1T -
TWBY, EF, BHHEEMIIEME <270y
ML T4 F8) THERR] 2k, T) > akl ®

i

[Nk EERINIEHELIIELRLF Y OHE
WA SNS (Table 1). HEOEREFHEAEIZE T
ZEHESOHFEV IO L) HAEBERBSNT
WARWH, TRHEOFEHIZIE, VFu—LVREDE/
FARYTLI=NDEIN2TL 30— 159

Table 1 The numbers of comments with relevance to thiols in sake samples submitted to Sake Contests from

2013-2017
Number Numbers of comments related to thiols
Year of . o . .
entries muscat-like litchi-like citrus-like other total
2013 864 9 4 2 15
2014 845 10 7 2 19
2015 852 4 0 0 1 (4MMP-like) 5
2016 854 1 5 3 1(3MH) 10
2017 860 3 5 9 17

T4 E g2 5
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BEZINTVEF T - VEOBRSHEZ ONE, EE,

20154 |2 [4AMMP (4-mercapto-4-methylpentan-
2-one) #l, 2016 4£1Z [3MH (3-mercaptohexanol) |
&, ENEFNRLARTOTED ZIMEEWZD D DDRE
ez - RRERS Y, BEICBWTH, F
T—EOEN PRMENTETCREEZLNS
(Table 1),

4-mercapto-4-methylpentan-2-one (AMMP) iV —
TAZFVTIT T OREERSE L THLNT
BY, 95 225 - BV AOFEERHREING, ®
RS- VBOBHL, FERESEEBSEIFENVERFT
Y, F72, RIAVZBVTH, AMMP A ¥ &
FUHGTARGL LTHRESNATVE ", 74 VT
i, AMMP iZERCTH 5 7 o RHORICHIEEGE (&

LY, BEPICS AMMP BEEYT 52 & 290 TH
Lt s e ki, AMMP & FORTEME D iR
ETRBTORER UEIEICZBIT 2RMBMHEICOWT
Wi L7 Y T AMMP B EKT 5 ERO—DF,
BOHOT I VBARC L ABBORBEETHSH S
DR ENE DY, SEHEEFABRED LD
BRGEEEOBEED, BRI o TR INE T3
SEEDNL RN Eh S, AMMP 2SERT A REME D
Er oD, KFE T, SEFNEEFSHSEIZD
WTAMMP ZEOBIELRITI & & B IS, BREFFM &
DEER AMMP DA OF F — VOB S5 IZ oW TH
L7z F 72, AMMP %700 L 72 E O B MR
B EML, AMMP 2SEHEOFRICS 2 2 HBIZD

W BRI L 7o

AFA ek, TNy TFF AR L LTHEEL,

T VREERIBROS -V T —YIZLs0HEE
FTERTS Y,
I FE TIOLFT T, ERERAH & o FETFLEIC

ES T b
1. &

FR 26 EEEESEHEESFS (H26BY, 2015 4E

Table 2 Sample list used in this study

Indication numbers of odor profiles

No. koji yeasty-sake sulfur smell Comments
cake smell
1 1 1 0 thiol
2 2 1 0 thiol
3 1 0 0 thiol, muscat
4 4 0 0 thiol, AMMP-like, pineapple
5 4 0 1 thiol, alchol
6 0 0 0 thiol, aroma collapse
7 2 1 1 thiol, gassy
8 2 1 0 somewhat thiol?, cat urine
9 0 0 1 somewhat thiol?, thiol
10 1 0 0 somewhat thiol?, strong filtration smell, thiol
11 0 0 0 somewhat muscat-like, thiol
12 0 0 1 somewhat muscat-like, thiol
13 0 0 0 somewhat muscat-like?
14 0 1 0 pineapple?, thiol
15 2 0 0 white grape-like
16 1 1 1 various tastes that are not easily expressed, pineapple-like
17 0 1 2 watermelon-like, aroma collapse, thiol
18 1 1 0 foxy, unique, muscat
19 1 0 0
20 0 1 0
21 2 0 0
22 0 0 1
23 1 0 1
24 0 2 1
25 1 0 0
94 B % (2019
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Table 3 Gas chromatography analysis conditions

(A) Quantification of 4AMMP contents

HP-INNOWax (30 m x 0.25 mm, id. 0.25 gm film)

40° C (05min) —1° C/min — 80° C — 10° C/min — 240° C (10min)

GC Agilent 6390

Column

Carrier Herium, 1.0 mL/min, constant flow mode
Oven

Injection Splitless

MS Agilent 5975

Mode SIM

Monitor ion

AMMP, m/z 132, 1S (4-methoxy-2methyl-2-mercaptobutan), m/z 134

(B) GC-olfactometry

GC Agilent 7890
Column

HP-INNOWax (30 m x 0.25 mm, id. 025 pm film)
Herium, 1.5 mL/min, constant flow mode
40° C (05min) — 5 C/min — 240° C (15min)

Carrier

Oven

Injection Splitless

MS Agilent 5973

Mode Scan (m/z 29-350, 4.37 scan/sec.)

Fifie) M2 S8 AL Lz (Table 2)o 215
¥, XY MEOERAEDIES, BEH YT AMMP
DOWHBRMEE RD7ZRITBZNR Y A PO T AV M
EhOTHEVERTHALIERDL, FA—-VEHOBS
FEZONLIEMEBE LT 8], [BEBHE]
(G biic] DIFEIESZIHEIRL 7,
2. FEHTE

HEOERIHMEIC BN TF A+ — VEOE ) FHEICH
WTHY, CMOEFHEBTLILDOTELUTMEE3
ZENAVAMELT, K25 HOBERFMEIT-
72o BREFEMMIE, [4MMP (ERZE)] & [F4 -]
D2HBIZOWT, 6BERORE (1, @AKLLw;
2, FEFICHFHKLAS 13, BBHIKLS 4, TF 5,
BMCEUS 06, EFICHMIRLS) FHVLRAE
DT, ELICHEBBRER T A Y b ERDL,
3. AMMP EEDEIE

5 25 HIC DWW T, Tominaga 5D FHEV 2 B %
WIBEOSHRICRZE L2 Y TF o — Vi % BIR
BB L, FArzax b5 74 —BESHE
(GC/MS) % H\/z Table 3 (A) IZRTHEMI
L0, FEBIZOWTIET24AMMP EE%HIEL
PASS
4. GC-Olfactometry (GC/O)
REBHEDS L, Table 2R LA FHEEETO
AV MAOREBAEE T8 BEERNE] [Hit
Ytk SFOTRIEED S RIKL 72 7 HIZowT, B Y

Bk g2 5

[Zf€vy, Table 3 (B) R 44T &MBIC LY GC/O
REWLT. VFrvaryAryFy A (RD) 0
Hid, n- 7 s > (C6-C25) %2 iEHEWE L L CH
DFE NG ES 720
5. AMMP %ML /& B EREST MR
AMMP B L BRI & OB MM E AL 720,
AMMP (Penta Manufacturing Co., NJ, USA) % ¥hn
L7-EE OB e E 1T o 70 BRESEMIX, B
2B B AMMP MAIBMEA 12 ng/L TH B EH
5, HREE (AMMP R Z0MmoF+ — VEORS
MEZONLE YN VI L ZBRNICERFMT
FERE) 12 AMMP EEA1.0 ~ 160 ng/L %5 L9,
AMMP # BERERIC iR L 72 R B % ERRSICRRL
MPTRE 19~ 208 %A YA MELT, HEEZT
2EEML72. % 1 E B ORI, FEHEEOHE
BETHIERHMELT, BRICOVWTSERBEOR
B (R1~E5) LIzRAETHvwa LB, /8
AYAMIGAICEBHERBRTIA Y P 2RD,
FE2EBEOREE, FLIEEORKTEL-IAY M
DEMEARE —, BEL, BELLHE &h, #
FWMESR-BRE - BER %R BE-E%-dE
BR) LREFMOF 8HAIL2WT, Fig. 1 (A) £
ATEHEEL AV, SEBOREIC X ARIETE
L2 %8B, BELAHFBIZOWTL, /SR AR
WXL, Fig 1 B) ICRTHEAEZTHILICLD,
BEEEiTolz. W [RER] OF Y OFEICOW
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(A) Score sheet

Test code Name Date

Instruction
Please check only the one box that represents your response.

(B) Description of attributes used to the sensory evaluation

Odor Odor
Almost not Attributes Description
perceivable Slight Perceivable Strong Very strong
Hine-ka B e 1 IS O-—- - O-- - a-- Hine-ka
Sulfur smell - - Q- - - - a m) Sulfur smell QOdor derived from sulfur (including rubber odor, sulfide-like, etc.)
Refreshed feeling ~ --- 00 ---- === a--- - Q- - 0--- - o-- Refreshed feeling Refreshing aroma suggestive of a grass or a leaf in a good sense
(Odor reminiscent of green ) (Fresh and green )
Fruity O - 0= - O - - 0 - - o Fruity Aroma suggestive of fruits
If you can detect any fruity odor, check the corresponding boxes (multiple answers possible).
Muscat Litchi Citrus Other
o o O o (¢ )
Taste Taste
Slightly Attributes Description
Dry Slightly dry ~ Normal sweet Sweet
Sweet/dry - O-- —DO-- - [ 0= - a Sweet/dry Sweet; feeling sweetness superior to dry
Dry; feeling less sweetness
Almost not ; feeling acidity and /or alcohol superior to sweetness
perceivable Slight Perceivable Strong  Very strong
Bitterness e B R O-- - O-- - O--- - a-- Bitterness
Not Almost no Slight
sharpness ~ sharpness Normal sharpness ~ Sharpness
Aftertaste el N I I O-- - [ o-- Aftertaste

Total evaluation

Very good Good Normal ~ Small defect — Defect

Comments

Total evaluation
Comprehensive evaluation of odor and taste

Comments

Fig.1 Score sheet and description for the sensory evaluation of the added 4MMP.(A), score sheet;(B), de-

scription of attributes used to the sensory evaluation. Samples were coded with random 3-digit num-

bers.

T, 7SR A PAIRERROE Y &K L7256 18R
THHEBEZ [vAA v M, [94F], ] RO
[Zoft] &L (Fig 1 (A) 7L —IZ&®L2ZER),
[V YTkl 2 [T k] ERBISNHEBE LI
BIRE L X L 72
6. WEEtAEAR

Excel #&t (Bellcurve for Excel ver.2.00), & T.TEST
BI%t (Microsoft excel 2007) % FHv>, B EKEE 5% &
WX 1% T, st (ANOVA), FHEOED
#e5E (Dunnett #5E), HHBAMEAT, B EEMEZITo
720 7B, Dunnett 521X, NEEHEL 2 DL Lo
BECRT L, BEEIIC D WO R EE & LB O X i %
FEHHE T 270D L E I TH b,

KRERRUEE

1. BREOF ) 5
B 25 A (Table2) 122W<C, F4— VEHOMS
WEZONLIEYVHFEEEET A0 2WHRT 5720, F

96

& — VEORF ) FFEICH UFTE 3 %I L 5 ERE
MR E T o 720 /30U A b 3B OFFM O ME
(Table4) D58 #HT (ANOVA) TiE, #FHMEE
DO HEICAFEZIBD N a Doz TRLOFEE
D 9 B, Nod6, Nol4, No22lZ = v T I,
[AMMP ? ] ® [ AH vy ME] ¥, 74— VEHD
MEREZONLIA Y M EESNI,

2. AMMP &8

AMMP GEZ £# B 3 mFoMEL, 0FHHE
% Tabled IZ/R L7z EMEL-H B2 HD
AMMP & &3 5~ 14 ng/L (*F39fE13 82 ng/L) T,
WL DIATICHRE L 721 IS BT A AMMP D51
BfE 1.2 ng/L, I IR BEIC— KOS B 5 &
FHWHRIED AMMP &&= (37 ng/L) £V b
WETH o772 E512, 20 HbOBEED 13
&, BURMEICATIZOR (FVF) yERT RS
W2y vy HERMEK) & HWHKIEO AMMP
& (77 ng/L) TVHENETHY, P22/

B % (2019)
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Table 4 Sensory evaluation of sake and contents of 4MMP in sake samples

Sensory evaluation score of Contents
No. cat urine . Sensory evaluation comments of 4AMMP
(4MMP) fil (ng/L)
1 2.3 27 ester, alcohol 1211
2 43 43 moldy, grassy 6.0
3 27 40 5.0
4 5.0 5.0 moldy, 4MMP? 6.3
5 2.7 2.7 muscat-like 59
6 2.7 31 muscat-like, sulfur 89
7 33 3.7 ethyl acetate, isoamyl acetate, mushroom, egg-like 9.6
8 2.0 27 94
9 23 2.7 7.2
10 29 29 ester 8.7
11 33 3T ester, alcohol, ammonia 10.2
12 3.7 4.0 papery, grassy 49
13 2.3 33 papery, hine-ka 10.0
14 3.7 3.7 muscat, soy sauce 85
15 37 33 57
16 2.3 27 SOy sauce 139
17 3.7 37 alcohol Ta
18 2.7 33 ethyl acetate (2 panelists), grassy 9.7
19 3.0 3.3 ester, alcohol 95
20 3.3 4.0 burnt, soy sauce 91
21 4.0 43 6.1
22 47 47 ester, AMMP? 49
23 27 37 moldy 71
24 3.0 33 isoamyl acetate, mushroom 6.1
25 2.3 2.3 acetic acid, nama hine-ka 13.6
Wpan 31 35 82
value

Sensory evaluation was carried out using a scale of 1 to 6 (1, not perceivable; 2, very weak; 3, weak; 4, nor-
mal; 5, strong; 6, very strong) by 3 panelists with a high sensitivity to the odor of thiols. No.4-6, 14 and 22
were samples in which the panelists pointed out the comment considered thiols.

Vv AMMP &2 03B b & o720 AMMP X, Z V7Y
VEBEBRME S N EERAKEHEKE LT
Bt L 72/ CIRAN S A & ICHF ST 500 —
OTHAHNY, EFEHMBEIZS AMMP 2" & N5
Z B, TEHEICBT S AMMP AR OB~ O F
By sl b, HHOFREMEZ LTS
FEO—BER LT ENMFES NG,

—HT, WS TOHEE (Table2) FUPHFTDIR
A A b 3% & B EREEHE (Table4) T [4MMP]
HHVIE [FA— V] CEEED D L35 H o 723K
¥5 M (Nod-6, Nold, No22) @ 4MMP & & i3,
49 ~89 ng/L EE < =<, BB 25 MO AMMP & &
EEDVENFMo SEOMBES T, [HERE
(AMMP) |, [F4+—)V] OEBIZEL S HERE1%

L1114 E F 2 5

THEZAOHEMNALNL HRE (AMMP)-0.56,
FF —v-060), AEIEIR L 2RE T, BRI
& AMMP ERIE—H L 2 WiERE ko7 TDT
ED, BEEFMCELS [MKRE AMMP)] %
[F4 =] OFYICIE, AMMP LISt obo s o
55z bz,

3. GC-Olfactometry (GC/O)

B EBRIEOFE ) FEICH T 5 AMMP DAt o F
= WVEHOHGIIOWTHNRG 720, T4 — V% #
Wagiziht L2238 2 T GC/0 1T - 720 GC/O
WEEEL 25 MO A S 7 HAEERL TTo 7205, Wi
NLF L L) BRERTHo2720, FDH)HD1ME
(No.25) IZDWTHBRL 72788 ) A b 24 CEM L
#EH % Table 5 1278 L 720 Retention index (RI) 1361
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Table 5 Sensory profiles of thiol extracted sake samples by GC/O

Odor property

RI  panelist A panelist B Candidate thiols References RI References
1196 thiol 4MMP, thiol delta-3-isopentenyl methyl sulfide 1191 13)
1298 unpleasant, butanol? vitamin (2)-propenyl methyl disulfide 1273 14)
1310 burnt rubber vitamin, medical powder 2-methyl-3-furanthiol 1310 15)
1326 vitamin 3-mercapto-2-pentanone 1343 16)
1361 4MMP AMMP 2-mercapto-3-pentanone 1361 17)

AMMP 1363 15)
1384 meaty 4-mercapto-3-hexanone 1405 17)
1411 unpleasant 2-furfrylthiol 1411 18)
1413 gravy dipropyl disulfide 1413 19)
2-(1-mercaptoethyl) furan 1413 16)
1478 resin diallyl disulfide 1478 20)
allyl (E)-1-propenyl disulfide 1413 21)

Sample, No.25

score Od oF
5.0 —
*
4.0 :
T T i
T T I T T T
1.0 2.0 4.0 8.0 16.0
SCore taste
5.0
¥ K
4.0
1 T T I
1.0 20 40 8.0 16.0

Added 4MMP content (ng/L)

Fig. 2 Influence of the added 4MMP on sake quality.
Low numerical scores using a scale of 1 to 5 correspond to highly favorable evaluations. Asterisks indicate: *,
5%: **,1% level of significance.

IZ [4AMMP] 25ttt &7z (Table 5 7L —I2EBL  A2FV BRI EN, TNH5DE—2 1220 T, RI
7-%E3%) (34, RI 1196, RI 1298, RI 1310, RI 1326, R UE ) gz sk P2V L i L, BHmE L%
RI 1384, RI 1413 12d F 4 — VHEOBE G EZ 51 AoNILEMER LTz SHOT—FTlX, YAA

98 B W% (2019
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of significance.

g 114 % F 2

Fig. 3 Influence of the added 4AMMP on sake sensory profiles.
Sensory evaluation was carried out using the score sheet shown in Fig.1l. Asterisks indicate: *, 5%: **,1% level

=

=

score hine-ka (odor) score sweet/dry (taste)
5.0 5.0
4.0 4.0
3.0 3.0 4 lr I I
20 T T T 2.0 4 —]
- i i I -
0.0 - T T T T 0.0 v T T T T
0.0 1.0 2.0 4.0 8.0 16.0 1.0 2.0 4.0 8.0 16.0
score sulfur smell (odor) score bitterness (taste)
5.0 5.0
4.0 i . D 4.0
3.0 T 3.0
20 T T “r — 20 T T
) :-_,_L' ' I ol
0.0 - T T T 0.0 - T T T T T
0.0 1.0 2.0 4.0 8.0 16.0 0.0 1.0 2.0 4.0 8.0 16.0
score refreshed feeling (odor) score aftertaste (taste)
5.0 5.0
4.0 4.0
3.0 3.0 T
20 | S N U AU R S
1.0 — 1.0
0.0 - T T T 0.0 - T T T T 3
0.0 1.0 2.0 4.0 8.0 160 0.0 1.0 20 4.0 8.0 16.0
- Score fruity (odor) seore total evaluation
5.0 5.0
4.0 T
30 i I
| T I I
T T : T T T T T
0.0 1.0 20 4.0 8.0 1.0 20 4.0 8.0
Added 4MMP content {ng/L) Added 4MMP content {ng/L)
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R MNEBRLZENTERPo/DOREIEITER
Moz hs, AMMP 220 Tz (b F 4 — VEED E
BT BRI RIE S N7,
4. FBBEOFERICXT 2 AMMP D

AMMP % 300 U 7218 18 o 8 REFF M 308k & 47 v,
AMMP #HE & B REFM & OBEM IOV TIRET L 720
EREEMAEBRIZA 2B A T2 To27% E1@E
DEBRTIE, BN ERIZOWTSBBEORE (B1~
ES) FHAVAREECEMTSE EHIT, SAYR
M Ay b&R®D, £20EORBRTHAEE &7
5 ERESEMAREZ 8% Lz RAEIC X 2 BRI
DWT, NAY A 19 EZDOFHEE Fig 212R L7
Dunnett REIZ & ) FEHEOEDOREETo7/2L T 5,
FYLEOLE S S AMMP BE 80 ng/L Ll Eos#
T, AMMP EBRIMOFER L V) b FZICFHEMAEL &
o720 Fiz, NAYAMCIEEHERBEATI A b
RO A, AMMP &5 8.0 ng/L DL OB TIE,
EFOT BRI [BEER] KT [Hl [Ew]
RN DH Y, TNhHHAMMP BE 80 ng/L L
LoFEBOFME T IF-BHTHI LEZ OGN, 2
AV NCHEY S o FHMEREE L BEEL, &Y OF
MTEE - WER - FERE (V) -V REL) - RE
B 4IEH, WO THFE - &K - HEKR (b72D
Cozndh) 03EE, BAFMELTTEL LY
SHEBYO1EBEMAFT8EE%Z, £2HEE
BFAMEBR O AFAMTE B 12 E L7z
F2REORE TR, LEOFHEERIZOWT Fig
1(A) IWRLAFMAKER T, 5EBOREL
IHREHETHMTHEEDIS, A AMNZTRAY
b ERDIz, FWEEIC L BZERFMICOWT, 734
A b 20 ZDOFHEF Fig. 312K L 72 Dunnett R5E
WKL) FHEOEOREZITo/zL 25, AMMP g
B 80 ng/L L EoFHEC, [RER] OF ) DFHEIC
BWTAMMP ERMOFE & B L THELENFR
5Nz, AMMP % 160 ng/L Ml E DB T,
[HEFHE] T 4MMP ERMORE L 1)  FEICEHbE
MWEL Y, &k LT AMMP REFBTE L L
BEOEWREEE LTES AVWEMTH o7z, LAL
%HE, AMMP B 160 ng/ ORBCId, [REH]
DE Y OFHMIZ BT d AMMP BRI O A & g
LTHELRENBOLN, ZOFVOHE#MELT (<
AHv M3, [F4F14, [HEI2 [ZFofi]3

100

(yord, #, N=F%1) DEHEPDH oz, AMMP
i, YA VTS VAD, V=Tl ANy PO
BEROFN L LTTIRAEFMENTEY, 4MMP
B LIEEOEREME CEEEIIOWTHE, &6
HHLBEPLETIEH B D00, Fig 30EERIS,
BREO AMMP OFE T T, RO N TV H5E
EFO[REH] LRZERD, [wAAv V], [54F],
[HHE] BROF Y 258 E 5 Z LAAL P ER ST,

C I

(1) FH 26 BEEELEFHEETFEHMED [T R
By MR [T A48, THER] ERBShD
FHEHEIIOWT, FA-VEORSETFRL
WET %47 o 720 '

(2) FA-NEOBELEIEZOND T AL MRIEHD
& o 725 25 B AMMP & &1, 5~ 14 ng/L
T, WFRDBBAMICHRELAEEIIBT 5
4MMP OMHIBME (12ng/L) &Y 3Fh o7

(3) FA - VEPBRGICHE LB GC/O %
1To 7GR, AMMP YA F 4 — VE L EER
T AR R & iz,

(4) AMMP %R M L 72 EO BT MEARK 2 ATV,
HEEOFWRIZH T 5 AMMP OR2*F~/z, Z
DR, 80 ng/L Pl LD AMMP Oz LY,
[HEER] OFYEFESAEICHEB SN, F74,
16.0 ng/L Ll E® AMMP O EMMIc & ), BAK

LEWRFEMIAZTCBETLALZDOD, [TAA Y

M, To4F) THiE] 2LeRFASND [RE

B oFEHLEBI N,

& B

B REETE BRI T TH V> 7 L AT Bk N TESEA S0
FHFEEEELLZ I LD TARBARICEML
T
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