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Studies on Flavor Components of Whisky

(X) Behavior of the Components during the Manufacturing Process

(Part T) Mashing Process and Fermentation

Kenji Kayahara, Tamotsu Taguchi, Naonori Aoyagi,
Ichiya Kawasaki and Noboru Miyachi

\

(Central Research Laboratory Sanraku-Ocean Co., Ltd., Fujisawa)

The analysis were made of the variations in composition during the mashing and
fermentation period in the whisky malt manufacturing process where the whisky is made
from malted barley. Comparative studies were also made between Australian and domestic
malted barley.
I. Chemical analysis
(1) Malted barley Australian malted barley was superior to domestic in appearance
and cutting tests.
(2) Mashing process The reducing sugar increased rapidly during the first period of
the mashing process. Just after this process was started, total-and formol-nitrogen
eluted in wort was estimated to reach upward of 80 percent of that at the final stage.
(3) Fermentation process Sugar decreased with the growth of yeast. Formol-nitrogen
and I.T.T. value showed an approximate 50 percent decrease during the course of
fermentation.
(4) During the mashing and fermentation it was observed from typical analysis that
higher amounts of components were contained when Australian malted barley was used.
This fact may imply that distilled Australian whisky may be rich in fusel oil and other
flavor components. Comparative observation of LT.T. value changes showed that
more reductive fermentation must be carried out where Australian malted barley was
used.
II. Gas chromatography

Changes of low-boiling point and high-boiling point components during the course of

fermentation were observed by means of gas chromatography.
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(1) Low-boiling point components Almost all components except n-propyl alcohol
were found in greater quantity when Australian malted barley was used. These differe-

nces may depend upon the nature of the two malted barleys.

(2) High-beiling point components All components were found overall to be in greater
quantity where Australian malted barley was used. Concerning the formation of -
pheneylethyl alcohol there was no difference between the two cases. The quantity of this
formation was much greater than for ethy lesters containing higher fatty acid. There were
also unknown components, of which some showed appreciable difference in amount between

the two washes.
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Table 1. Analysis of malted barley.

Deperts | vt | Dometic [ st mat

Thousand corn weight 34.9 37.2 34.3 32.7

Powdery 92.2 98.0 93.4 96.4
Cutting test { Glassy 0.4 .1 0.0 0.0

Semi-glassy 7.4 1.9 0.6 3.6
Floating test 24 31 35 45
Moisture (%) 9.70 5.41 7.37 5.73
Total sugar (%) 70.03 75.13 69.96 73.81
Soluble nitrogen (%) 0.79 0.56 0.53 0.50
Total nitrogen (%) 1.83 1.65 1.68 1.61
Fat (%) 1.64 2.00 1.48 1.52
Fiber (%) 4.74 5.11 5.09 4.47
Ash (%) 1.73 1.82 1.98 1.89
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2. BLETE
EREF LD 94 2 F—HEICO 3 BETRER O CIKBHBERA Fig. 1 1TRT.

Malt(id barley (2160kg) [2200 kg]
Grinding

<«—Hot water at 55°C (86347) [8634 7]
Mashing (107321) [106717]

Filter cake<—Filtration

Cooling
l«e——Seed (999 1) [9981]
Fermentation (120007) [12022 7]

First distillation

Pot ale Low wine Weak feints foreshots and tailings
(8744 1) [87131] (325(15 1) [33097] (926 1) [:9174 Al

v
Second distillation

Fore shots Fine spirit Feints and tailings Spent lees
(807) l[80 7] (1021 7) [10991] (8947) |[‘E)OO ] (22171) [22401]

Fig. 1. Process of whisky malt manufacture.

( ): Domestic malt, [ ]: Australian malt
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B : Lane ¥
BB © B0k 10ml jTxd9° % N/10 NaOH OffE$k (ml)
pH : pH HEK
453 Kjeldahl 3
7 A VE—NVEER | T 3 VE—IVERINC X ZREHE D
T~ EEE
LT.T. f (Indicator time test value) : 2, 6-dichlorophenol indophenol @ 60% BifaicEd ZEERT (430)4
(2) TR BRI OKEE Table 2 (TR
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Table 2. Chemical analysis during the course of mashing and fermentation.

(1) Domestic malt

P Ti Total | Reducing | Brix H Acidity Total Formol | LT.T. | Ethyl
rocess | 1IMe ) o gar sugar degree | P (N/lo NaOH) nitrogen | nitrogen | value ! alcohol
thr) | (%) (%) ml/10ml /|{(mg/100m1){(mg/100ml)| (min) | (%)
1.93 6.0 5.4 0.65 135 41.1 2.30
Mashing 6.34 13.3 5.4 0.92 176 54.6 2.10
9.14 15.5 5.b 0.97 176 59.7 4.40
2.4] 14.00 9.85 16.4 5.5 1.10 173 60.2 4. 40
Seed 8.03 4.04 7.5 4.4 1.25
0 10.21 5.89 12.0 5.4 0.98 9.30
Fermen-
tation 16 7.59 4.53 8.5 4.4 1.22 31.7 8.00
40 1.69 0.45 1.7 4.3 1.21 22.9 6.20 5.9
64 1.25 0.36 1.2 4.4 1.18 22.4 5.00 5.9

(2) Australian malt

Process | Time Total | Reducing | Brix pH Acidity Total Formol | LT.T. | Ethyl

sugar sugar degree (N/lo NaOH) nitrogen | nitrogen | value | alcohol
(hr) | (%) (%) ml/10ml /|(mg/100m1)|(mg/100m1)| (min) (%)
4.05 10.0 5.5 0.65 165 54.1 2.30
Mashing 1 8.87 16.2 5.5 1.00 65.8 4.00
9.23 17.0 5.5 1.05 177 67.5 5.30
Seed 6.50 3.84 9.0 4.0 1.30
F 0 6.34 13.0 5.5 0.80 6.00
ermen-
tation 16 7.15 4.49 8.8 4.1 1.48 32.7 3.20
40 1.76 0.50 2.0 4.0 1.20 24.7 5.00 6.5
64 1.35 0.39 1.3 4.2 1.15 23.3 3.30 6.5

ITT A —~R b5 Y TEEFEHOCBAOFHRBEMEEE U TEL, XDECHICREBESTEONTH
BT EEARLTVS.
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2) SHEHE REETIRERROBEARS ORI Table 3 C/RT.
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Table 3. Gas-chromatographic analysis of low-boiling point components during the course of
fermentation.

(1) Domestic malt

. - Acetalde- Ethylace- Propyl 7-Butyl i-Amyl
Fermentation time hyde Acetone tate alcohol alcohol alcohol
(hr) x10™* X 107° x1073 x1073 x1073 1073
16 2.3 2.3 1.13 0.68 0.88 2.22

40 7.1 6.8 3.25 3.27 2.78 10.5

64 9.8 9.7 4.22 4.08 4.01 15.5

(2) Australian malt
T

. . Acetald- Ethylace- Propyl i-Butyl 7-Amyl
Fermentation time ehyde Acetone tate alcohol alcohol alcohol
(hr) X107 x 1078 x 1073 x 1073 xX107® %1073
16 3.6 | 2.5 1.50 0.57 0.92 2.45

40 1.7 6.4 3.84 2.89 3.71 14.0

64 8.3 j c.4 4.89 3.65 5.30 20.0

(unit: v/v%)
B, HRIOT M5 7CKIEBIRPOBHART
FHBTEMICE O TARIN 2EhAKRS AT 2 12 DICGRRICER AL, Misic X b &A%
BHL, FR7a= 75 7ICTHRETIR- 1.
(1) 52 W &
=3 I=Vo% 00k iiilis! Fig. 2 KR &L, HEBAEBET—F VB4 23S, KESHEE LURIC
I—F T A5 FEO 2 20 FEIC Kk D EilAKS O BREAETR - 2. A RTE Table 4 0T &
{TH5.

Mash (17)

saturate with NaCl
ether extraction (500 m}x4)

Mash (17)
steam distillation

Y
Distillate (317) Residual fraction

saturate with NaCl
ether extraction (500 mlx4)

Ether fraction Water fraction

dehydrate with Na,SOs
distill off ether

Extract . Ether fraction Water fraction
fill up to 5ml with ethyl alcohol dehydrate with Na,SOx
distill off ether
Extract

fill up to 2 ml with ethyl alcohol

Ether extraction Ether extraction after steam distillation

Fig. 2. Extracting process of high-boiling point components in fermentation mash.

REMPICE T ML, EHHEOBEIIROD, HEBHEOKE-TYA A F—HHEDOFEINEE »
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Table 4. Ether extract.

Condition of .
. . Ether extraction
YT extractlgn Ether extraction after steam distillation
Fermentation \\\ Domestic Australian Domestic Australian
time (hr) —

0 0.068 0.073 0.055 0.028
16 0.131 0.352 0.136 0.133
40 2.505 2.759 1.369 1.392
64 2.131 4,034 1.501 1.259

(unit: g/1/ mash)

@ HRI7w2rsS7CL B0 UEOHIICOWTEET —F i Licb ol sml T, KEXR
WELzicT —F Al Lo bol 2ml wzheEn7va— v Tc—ERE UAIERD © Table 4 1/RTRH
THNTELTIE - 1.

(2) oHrEss

T — 7 LS S NG KESEE Lckic = — 7 il LTE S h st oRENL 7 0= v 77 b7
Fig. 3 IR7.

BEOHR I 0=} 75 JMCHOTLRNOENEHONE L, KRS ESBEMCREET T VB LIcb O
DOHMENEHTHS. (NTIHERFAUREOXRE X THI08HRBICENHS)

HWEDHA /B2 56 tDEELT, 30O—73HEEI—~TFALHHOBACBNTHREIN, 70V
My lifEgd s, 6, 10 DE—73, KRIEHKRO T —TAriitioBSCETRIEEN, 60 —7F
TNTS5—ATHY, KKEKLDEOMMICE - TERESN L D EEDN, 10 Ov~71, AETETR

BHTH 5.

Bl S 7 RARSY 2, FEHERET & b U TR Ut Table 5. Retention time and identification of
S Table 5 1Rt B, WHMIAF LT peaks illustrated in Fig. 3.
NANVBICE > TE— 7 DERT 2 T EETHD . Peak No. | Retention . .

in Fig. 3 | time (min) Identification
(1) Ether extraction (fermentation time: 40hr) 1 Ethyl alcohol
12 a 14 2 1.10 #-Amyl alcohol
3 1.32 Ethyl caproate
4 2.34
_ 5 2.78 Ethyl caprylate
0 i0 20 ‘ - 30 6 4.10 Furfurol
Retention time (min) 7 4.82
(2) Ether extraction after steam distillation 8 6.45 Ethyl caprate
({fermentation time: 40 hr) 9 8.38 Decyl alcohol
10 8.56
11 10.50 (Ethyl undecylate)
12 12.80
13 16.20 Ethyl laurate
14 21.70 B-Phenyl ethyl alcohof
Retention time (min) 15 23.50
Fig. 3. Gas-chromatogram of ether extract. 16 33.60

LIFoOls 0 d bEERSTHLIATYNEIF L, A7) VBT FL, FyaTia—n, 79 VEBIF
Wy, BT 2 = NIFNTNI—N, ZNT5—CDONTEEEITEY, TOE% Table 6 ITRT.
TINT 5= BEIRO T &L, KEKEFLUBRDO T —T il RiIcOABE INTH 505, ZOMOKS-
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Table 6. Gas chromatographic analysis of high-boiling point components during the course of
fermentation.
(1) Ether extraction
. Fermentation Ethyl Ethyl Decyl Ethyl B-Phenyl
Matesial time (hr) caprylate caprate alcohol laurate |ethyl alcohol Furfurol
0 — 0.03 — 0.09 1.88 —
Domestic 16 0.04 0.11 — 0.61 11.45 —
malt 40 1.54 0.73 0.54 5.77 45.1 —
64 1.10 0.99 0.69 4.77 57.4 —
0 — trace — 0.09 0.81 —
Australian 16 0.70 0.43 — 1.99 18.85 —
* malt 40 2.28 1.64 0.81 6.72 42.1 —
64 1.74 1.92 1.03 5.42 56. 4 -
(2) Ether extraction after steam distillation
. Fermentation Ethyl Ethyl Decyl Ethyl B-Phenyl
Material time C(hr) caprylate caprate alcohol laurate |ethyl alcohol Furfurol
0 — — — 0.03 1.96 —
Domestic 16 0.26 0.11 0.20 1.156 17.1 0.035
malt 40 0.35 0.32 0.37 3. 47 34.7 0.035
64 0.35 0.44 0.57 3.38 40. 4 0.052
0 _— — — — 0.78 —
Australian 16 0.21 0.12 0.13 1.41 18.0 0.17
malt 40 0.53 0.60 0.55 2.41 37.0 0.21
64 0.53 0.91 0.58 4.24 39.2 0.21
(unit: ppm)

BOINOEFEDO = —T7 vliliPrhics (ERE S

n, BET—~7 AV THIET 2 HEOF %R ;| Domestic mait 7 Austrdlian maltj Ethyl laurote
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Z o EE T -7 THE L b0 EEIE i A S
(Table 6-(1)) ZBABEIC 3 5 fedic BURT 3 & | : ﬁmmm,; / alcobol (x10")
Fig. 4 L <135, 5 i compon Ethyl cupr—yhtt

@B 5 =% it b ‘/,A‘E’,_;,'%’ :ﬂy_,

M) BEOT—T M TIRRBOEEE & T ()1;/iQWﬂ3
Bay & bmL, &I 7 c=NITF TN Fermentation time (hr) Fermentation timie (hr)
a—n, 7YY VBRIFNOERMBEETDH .

RBA0~60RR CIRREEES, #—RA 7Y TE
FHEOBLEEDIC B-T 2= VT F T~

Fig. 4. Gas-chromatographic analysis of the ether
extract during the course of fermentation.
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(@) ARSFEFUHO —~F it Tid, BEOT—F VY LERRIC B-7 =z =z FrTva—i,
9 VBT FLDERDEE TH S, HEH0~60H TREEEZF LAV LEAR, #»7) vBFL, TV
NTINA—=, TNTF—v BLY BT x =TI F AT va—NidEmERT, A7)V vBzFL, S9Y VY

B FAICRAEREIIAD LN, F—R b5 ) TEEFFLZRAOLEBATRY ) YRRz FL, S0V
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B F EINU T2 3MDBMIE E A EELDIIE 0.

W EEZFEROKKEAEE, A—Z2 7Y TEEFEAOVBAOKRSOBMEBZRE, -7 =TI F N
Tua— o0 TE, MEFRIEZERIBEALRHINLOD, £OMOERMIEBRICHEDELSD A
ZLERINTNA.

= KESKEHLUCRICT T vt E T 255, HiET—F7 v fiiBd 2 FEICERTRABICERBBEIVNE
<, BECLZZEBFELBTEONI D, BRSNS DHMEBTIEON DTV IEEbNLS.

N REMERSOREHEIEROEEICONTIE Table 5 L0 Hh 2 X HICHEAEINTHNENE— 237 OiF
EH->T, CNORMEREE—21C20T, TOEBEL D HEBEROHEAEMMMTRLTA S L Table7 0T & ¢
T, BEEXH, A—R2 +3 ) TEEFLAVEAE I, ChoRERC— 7 OBEREN LTS, #7247
No. 11 O}HREC— 7 DAL, EHEEFLAOEAICDNL, A—X 35 ) FEEFELZROEAICESC
ENCERERTNETHZ. 2OE— 7 RIBRBEM» OTNEY v Fh VERE T F L L HEE I N2 TS TR
V. RKEEFEE—2 No. 15 BIEFREBIEINTNDS -7 2 = VI F T3 — )b O FEEICGEO 7255

BEDSE R TH - 1o,
Table 7. Unidentified peak produced during the course of fermentation.

Material Ferment(a}ﬁgn time Peak No. in Fig. 3
4 7 10 11 12 15 16
0 - - — - - - +
Domestic i6 — — + + + + H
malt 40 +H +H _ + H + +
64 + + - + H# + +
0 - + - - - + -
Australian 16 + + - HE ++ - +
malt 40 + + - + H# ® +
64 H “ - H# H# + +

= 3]

AR D S U4 2+ —REL ST 2 TEPORE, RBOTRIC S, —BLEM, FR7u<bs5
TIC L BEF AR, EBEARSOERARICTIZ->T, CNORIGOBEZPLIIC L. ARICEESE
FLE, A—R 3 ) TEEFLHVESKOX KBRS L.

1. FExExF
A=+ YV TEODODIF, HEDDDITHATHE, VIR SICENTE> TN 5.
2. —mit¥atR

(1) ¥LIRE  EEIECIRICBOTABICHENT 5. 228%, 7+ VE—VEZRIBREFOR/RAE
BITBNT, T TICRREThOMRB0B LT 5.

2) RELIE SHOIBBOMBEICE-TELTS. 7rrE—LBEEE, LTT.HIRBEOEDICONT
BT L, BREICIZOIREOKEFEFELILS.

(3) A—R 5 TEEFEHOBAEIEEEFEZAVLEAL TR, 2RIKEEOEADHT (L, FEE
BERICET 2—BAMNEITE L, £RT 27—l L2V CENTEINSG L, Tk DEBETHICRELST
PNTHBCENLT.T.[EL OIS ENTES.

3. HRIBRMIFIICKBDHH

RETRELBBENKAT R 702 b5 7ICTORETTE - 12,

(1) EBARS 7o Tra—nZREEEASLRSELA RS ) TEEFERVEADOE
. HEFH O ARENOHECLZ D EEDLNS.
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(2) BEEARS BRSELEMITA—Z L) TEEXEFEAONIEBAEOEBEN. BT =N IZF VT IV
A—DHRIHEDEALEBIIFZRVAREEZRLTEY, L OoMOBERIEHBO T F /v X F VICHNTHE
WERESED. BAINZTVRYLHD, 205 bHMEDOHBACEOTENIIHROHEELTHE DL H 5.

HOZERS, RELFTENLZES—Y » VERLH, SAESTRERLOSUZ KRB 2WESEBD - =X
A=y p vHERSHEEE REZAEL, RPRRRHRRBE—BEL, FERR¥EEEE LDE—-BLZRHBHLZ
4. BBAWRCHES, APHSEESE Ur Z84—v » vERSHERTE, B BRR, FABHRRIGHE ELF
HELHETHERERLET.

X [
1) KEE, &6, s, EHc Az, 44, 633 (1966). 5) Gray, P. P, Stone, I.: J. Inst. Brew., 45, 253
2) il B TR, 38 (HE30). (1939).
3) KMl EW - 94 R%—, 173 (FE26). 6) fEE, MO, 740, HH Az, 4, No. 2, 120
4) Wallerstein Laboratories: Bottle Beer Quality, (1966).
A10 Year Research Record, 49 (1948). (BE41. 9. 12 ZA)

NI | -El ectronic Library Service



