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Changes in the Volatile Constituents and the Formation of the Flavor
of Domestic Whisky during Its Production Process
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(1.Henan Key Laboratory of Industrial Microbial Resources and Fermentation Technology, Nanyang Institute of
Technology, Nanyang 473004, China;
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Abstract: This study is aim at confirming the key stage where the formation of volatile constituents in the headspace above
domestic whisky takes place. The static headspace gas chromatography-mass spectrometry was employed to analyze the
volatile constituents in the headspace above each production stage. The principal coordinates analysis was used for the
selection of classification criteria for the beverage in each stage, after which the orthogonal partial least square
discrimination analysis was utilized to establish the classification model. The results showed that volatile constituents in the
headspace varied significantly in different stages (¢=0.05), and that the soaking was sufficient to be the classification
criteria. Altogether 17 key differential components, including 11 introduced by oaks during soaking and aging, were
found in samples before and after soaking. The 11 oak introduced components, except acetic acid, butyraldehyde, and
heptadecane, contributed to the aroma of the whisky. Meanwhile, dimethyl sulfide, furan, ethyl hexanoate, butanol, 2-
methylproapn-1-ol, and n-propanol were reduced after oak soaking. Obviously, the key stage was soaking in the formation

of volatile constituents in the headspace above domestic whisky.
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Fig.1 Production process flow diagram of domestic whisky
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Table 1 Volatile constituents in the headspace above different producing stage of whiskey

& (ug/mL)
Pz HRMALEY) - - — — -
SR FALI 12U [Reli] SR
[FES
1 H R 2 g 4.1740.97° 5.85+0.73" 5.29+1.27° 10.30+0.90° 11.52+0.50°
2 LR TR 533.41=130.44% 725.85+82.95° 721.37+160.07* 632.93+56.38" 427.65+22.66"
3 2-FISLTNR 2.1 4.4141.13-% 5.91+0.62° 8.24+1.74° 4.41£0.54" 3.1740.22°
4 L val 68.64+17.29% 89.52+10.65® 105.59+24.38* 78.54+7.43% 42.26+2.69°
5 CRR TR 29.89+7.79% 34.23+4.03° 22.54+5.20" 17.24+1.5% 11.18+0.72¢
6 SETR 2T 14.1543.70® 10.72+1.17° 18.86+4.87" 15.2941.31% 12.98+0.66
7 B4R TR 6.92+1.70" 3.81+0.44° 23.24+46.5° 15.79+1.42° 11.53+0.77°
8 AHR R 2.91+1.26° 2.4240.45¢ 14.33+3.13" 9.11+0.81° 4.36+0.35¢
N2y 661.59+163.01® 875.89+£100.44° 905.134203.88* 774.50+69.46" 520.90+28.11°
SReEs
9 2,2 -k 11.13+5.31% 12.014+2.35% 4.40+2.39 8.68+2.06" 20.46+11.27°
10 1,1- RS- 3- - T 1.59+0.70% 2.41+0.97* 1.9940.51% 2.60+0.22° 1.10+0.66°
11 1, - ROk - - - 0.61+0.08°
12 +puke 0.44+0.39* 0.62+0.54° 0.97+1.15° 0.54+0.49° 0.16+0.29°
13 RVAYSH 0.99+0.17° 1.21+0.92° 2.2342.90° 1.51+0.46" 1.00+0.17*
14 Lkt - - 0.69+0.07* 0.27+0.25°
/Nt 14.15+6.06™ 16.25+4.73% 9.59+6.4° 14.02+1.86™ 23.60+11.73"
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16 2-F - 1- TR 167.49+44.95% 221.46+12.32° 183.48+39.16™ 121.37+10.70% 111.30+5.97¢
17 T 1.68+0.50" 2.17+0.10° 1.51+0.36 1.48+0.12° 0.87+0.03°
18 3-F-1- TR 413.81+113.28" 537.72+15.71° 450.05+92.34* 411.20+41.03 278.76+17.02°
/it 651.89+178.40 851.42431.33° 709.36+147.75™ 592.74+56.73% 438.62425.10°
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20 2 - UL 10.66+2.61% 14.67+1.74" 16.24+3.69" 14.55+1.23% 8.95+0.63°
21 THE 1.34+0.54° 1.73+0.26° 1.65+0.32° 2.86+0.60° 5.83+0.5°
22 3 -HIET - - 1.27+0.31° 2.57+0.24°
23 2-HIEE T 4.5342.20% 5.78+1.47° 5.92+1.31° 4.30+0.33 2.57+0.27°
24 2,3-T 1.47+1.15° 3.46+3.74° 2.74+0.64° 3.07+0.63° 1.85+0.62°
25 L 1.28+1.20° 0.10£0.17° 4.24+1.04° - -
/it 37.26+10.70° 50.99+8.54 131.21428.96° 74.66+4.49° 75.49+2.61°
26 7R - 1.60+0.30 5.6842.79° 3.91+0.92®
27 =T 0.70:£0.20° 0.84+0.75° 1.50+0.07° 0.86+0.94° 1.66+0.37°
28 ¥R 13.78+7.44° 11.26+1.93° 15.46+5.86 -
/N 14.49+7.33% 0.84+0.75° 14.36+2.30™ 21.99+9.46° 5.57+1.28"
ke
29 Z H 3.48+0.88° 4.72+0.40° - - -
30 s B St 7 1.58+0.41° 1.97£0.19® 2.23+0.41° - -
N2 5.06+1.29° 6.68+0.57° 2.23+0.41° - -
URUES
31 U 3.70+1.08° 4.90+0.52° - - 0.32+0.55°
32 e 2.48+0.59° 3.42+0.69° 5.41+3.29° 4.89+0.58° 4.01£0.45°
N2 6.18+1.63% 8.32+1.13" 5.41+£3.29% 4.89+0.58" 4.33+0.54°
33 KN 1.53+0.39° 1.23£0.16° 2.20+0.51* 1.73£0.17® 1.27+0.03°
34 LTR2- 2T - 1.15+0.22° 0.99+0.25° 0.28+0.25"
35 H LB 2.20+0.53" 2.86+1.62° 4.02+0.75° 2.2342.05° 3.9043.52°
36 EN - 3.20+1.18% 5.2242.91° 1.50+2.60°
N2 3.73+0.80° 4.09+1.58" 10.5742.14* 10.17£1.97* 5.23+3.54"
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Fig.2 Content of each kind of volatile constituents in the headspace above whisky during each manufacturing stage
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Fig.7 Total ion current diagram of volatile constituents in the headspace above whisky from each manufacturing stage



- 306 - £ Tl B4

2023 4F 6 A

2SI EYWA —EMN2ZES . LR-2-KOMR . K
. ke 23R L BE . ) AERR LR BRI 7R
R =R BE/NTFIR I A BRI, 2018 . 3-H EE T IE .
FH PR 20155 « DGPR3 B o T M RN R
T, 2T 8 P ARG Ho 9 = BE AR AN TR, (]
FRAR T U . X UEH R - S A BB A7, ¥4
KNS a kAR L . KR . EALSE RN, [FIR R EE
PEREE S E L M R R R R . (HS 5] AR
BT A ] EEaX AR fh s [ ) 22 S AN 351

RS WIRET, BIAROR G A e 22 A 5
M OAV U3k 2 o, HHER 2 A, 11 FREARAR S|
A2 S &b, 8 Fsr i OAV>1, BiEH
X 8 P & B4 X L S T AR B 75 A Bk, T 2
T2 1T Y OAV<L, UL PIFME S X &< o 5T
RLS o,

R2RUEARA T SIS 2E AL S ) RIS V(R
Table2 OAV of key different constituents brought in by oak
after stage of soaking

SRBIE(ugL)  OAV
UK :BE=6:4, v/v) (2
1021(Fk &1z-2-

SREME(ng/L) OAV

N
a2/ (IK =64, v/v)(JZTTH)

(a7

_H [18] NG il 1191

3-HELTRE 2.8 HOE) %70 108 10
& 500.451 212 Eﬁﬁga 27008 2

ZETR TR 20032 116 Zm 2300000 <1
FNU 3162 103 TR 2901.8704 <1
TR 14369 38 ke - -
4

A *pr‘é 60021 24

H
T TR BB R BRI
3 Zhig

TEAS A ARy [ B v el gl S P AR T s R g 4%
KRS AAGIN H 36 AP FRUSLST, AR BEr AR E
PRI i A B35 2255 (a=0.05) . &2 FAFR
SyMTRIEFE . OPLS-DA AR EGIE, =29 [ B2 [
PR R ST RE TR L SR I B . IRV S
W25 AL S IE 17 BB, 5Bk L R-2-2K 2,
Fiig. PR, 2Ky, 3-FHEE T Lk, 2R LM &
WE, AAERRCHE . IR MR T IE . OBRME . — F il |
WRIR . LR LR T, 2- LS - DN BRI IE N . 22
BB, A 11 RS R RS 5 A 14
h, Horp 3-FHRL TR . LW ZEIR AR . ARy L BRI
AEMR OHR . LPR-2-FRLBR . IR LW 8 Al srxf
Al A SA TR IRV I BOL S R I R
BO ARSI 5 AT D o X BRI BT
Bl AR IO i ST B

2
[1] AKIRA W. Flavors in malt whisky: A review[J]. Journal of
the American Society of Brewing Chemists, 2020, 8: 1-19.
[2] POISSON L, SCHIEBERLE P. Characterization of the most

odor-active compounds in an American Bourbon whisky by applica-
tion of the aroma extract dilution analysis[J]. Journal of Agricultur-

al and Food Chemistry, 2008, 56(14): 5813—-5819.
[ 3] RODRIGUES F, CALDEIRA M, CMARA J S. Development
of'a dynamic headspace solid-phase microextraction procedure cou-
pled to GC—gqMSD for evaluation the chemical profile in alcoholic
beverages[J]. Analytica Chimica Acta, 2008, 609(1): 82—104.
[4] CAMARA J S, MARQUES J C, PERESTRELO R M, et al.
Comparative study of the whisky aroma profile based on headspace
solid phase microextraction using different fibre coatings[J]. Jour-
nal of Chromatography A, 2007, 1150(1-2): 198—-207.
[ 5] OCHIAIN, SASAMOTO K, MACNAMARA K. Characteri-
zation of sulfur compounds in whisky by full evaporation dynamic
headspace and selectable one-dimensional/two-dimensional reten-
tion time locked gas chromatography—mass spectrometry with simul-
taneous element-specific detection[J]. Journal of Chromatography
A, 2012, 1270: 296-304.
[6] JELEN H J, MAJCHER M, MAJCHER A. Key odorants in
peated malt whisky and its differentiation from other whisky types
using profiling of flavor and volatile compounds[J]. LWT-Food
Science and Technology, 2019, 107(6): 56—63.
(7] R& &, B4, %%, . ARBEFS R ERMGY A
(J]. *F B Axi&, 2021,40(10): 89-94. [ SONG Xulei, SHEN Guo-
quan, LU Jun, et al. Effect of different yeasts on the quality of
whisky [J]. China Brewing, 2021, 40(10): 89—94. ]
[ 8] LI'W, SHI C, GUANG J. et al. Development of Chinese chest-
nut whiskey: yeast strains isolation, fermentation system optimiza-
tion, and scale-up fermentation[J]. AMB Express, 2021(11): 17.
[ 9] BATHGATE G N. The influence of malt and wort processing
on spirit character: the lost styles of Scotch malt whisky[J]. Journal
of the Institute of Brewing, 2019, 125(2): 200-213.
[10] 2ot 3 EWRAFERBLBRRGHLI] P
B 1%, 2010, 29(6): 135-137. [ WANG Jinhua, LI Ping. Applica-
tion of active carbon on turbidity removal for alcohol-reduced Fen-
flavor liquor[J]. China Brewing, 2010, 29(6): 135-137. ]
[11] 8, 245K, RAL F AALEERXEHFR QB F
wy i B [J). BRI AR, 2016(11): 77-79. [ HUANG Xiaohui, LIU
Jingwu, WU Shengwen, et al. Application of freezing filtration in
Texiang Baijiu production[J]. Liquor-making Science & Technolo-
gy, 2016(11): 77-79. ]
(12 ] Rk, A, st 242, 5 RRVE £ &R A B R
A2t i @B R E e [J]. AR, 2021(12): 91-93,97.
[ ZHOU Haimei, FU Xiaojie, HONG Yucheng, et al. Effect of dif-
ferent alcoholic activated carbon on the quality of Xiaoqu Chinese
Baijiu in the process of purification [J]. Modern Food, 2021(12): 91—
93,97. ]
[13] Fhkit. RiBATREB T L@ RID]. HM: HMRF,
2007: 12. [ SUN Changhua. Study of artificial aging process of dis-
tilled liquor [D]. Yangzhou: Yangzhou University, 2007: 12. ]
[14] M@ ARG 2R RAFBMEGHR(D]. L&A
F: #7158 K W K 5, 2002: 45. [ CHEN Jiluan. Studies on character
and mechanism of ageing of fragrant pear brandy [D]. Urumgqi: Xin-
jiang Agricultural University, 2002: 45. ]
(15 ] Fhain, BHA, X EE, F. ¥ TEERELEE RS
#) GC-MS 5 GC-O % #7 [J]. & & #+ 5, 2016, 37(24): 87-93.
[ SUN Jinyuan, GONG Lili, LIU Guoying, et al. Analysis of
volatile compounds in fermented grains of Chinese Gujinggong
liquor by solvent-assisted flavor evaporation combined with GC-MS
and GC-O[J]. Food Science, 2016, 37(24): 87-93. ]
[16] FE 2, shoist, bhidif, 5. R FRR A ALIE B 69 R 1%
R E o4 (], B ARk, 2021, 40(6): 87-91. [ LI Huixing,


https://doi.org/10.1021/jf800382m
https://doi.org/10.1021/jf800382m
https://doi.org/10.1021/jf800382m
https://doi.org/10.1016/j.aca.2007.12.041
https://doi.org/10.1016/j.chroma.2006.09.014
https://doi.org/10.1016/j.chroma.2006.09.014
https://doi.org/10.1016/j.chroma.2012.11.002
https://doi.org/10.1016/j.chroma.2012.11.002
https://doi.org/10.11882/j.issn.0254-5071.2021.10.014
https://doi.org/10.11882/j.issn.0254-5071.2021.10.014
https://doi.org/10.1002/jib.556
https://doi.org/10.1002/jib.556
https://doi.org/10.3969/j.issn.0254-5071.2010.06.043
https://doi.org/10.3969/j.issn.0254-5071.2010.06.043
https://doi.org/10.3969/j.issn.0254-5071.2010.06.043
https://doi.org/10.13746/j.njkj.2016250
https://doi.org/10.13746/j.njkj.2016250
https://doi.org/10.13746/j.njkj.2016250
https://doi.org/10.13746/j.njkj.2016250
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2021.12.025
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2021.12.025
https://doi.org/10.7506/spkx1002-6630-201624013
https://doi.org/10.7506/spkx1002-6630-201624013
https://doi.org/10.11882/j.issn.0254-5071.2021.06.017

544 5 128 FEA A BRI IR MR A A S USRI - 307 -

HAN Zhaoqi, YAO Hanyi, et al. Differences of volatile compounds
in strong-flavor fermented grains from different sources[J]. China
Brewing, 2021, 40(6): 87-91. ]

[17] B, Bk, 5. Eif SR QBRI RS £
47 (1], & f A5, 2021,42(16): 5. [ YAN Han, FAN Wenlai,
XU Yan. The differences in the composition of baijiu made by sin-
gle grain and multiple grain[J]. Food Science, 2021, 42(16): 5. ]

[ 18 ] POISSON L, SCHIEBERLE P. Characterization of the key
aroma compounds in an american bourbon whisky by quantitative
measurements, aroma recombination, and omission studies[J]. Jour-
nal of Agricultural and Food Chemistry, 2008, 56(14): 5820-5826.

[ 19 ] KERLEY T, MUNAFO J P. Changes in Tennessee whiskey
odorants by the Lincoln County process[J]. Journal of Agricultural
and Food Chemistry, 2020, 68(36): 9759-9767.

[20] GARCIAJ M, MARTINEZ T G, MILLAN M C, et al. Pro-
teins involved in wine aroma compounds metabolism by a Saccha-
romyces cerevisiae flor-velum yeast strain grown in two conditions
[J]. Food Microbiology, 2015, 51(10): 1-9.

[21] SATORA P, KOSTRZ M, SROKA P, et al. Chemical profile
of spirits obtained by spontaneous fermentation of different varieties
of plum fruits[J]. European Food Research and Technology, 2017,
243(8): 489-499.

[22 ] Chemical book. ¥ # Z s [EB/OL]. [2022-08-17]. https:/
www.chemicalbook.com/ProductChemicalPropertiesCB3411274.ht
m. [ Chemical book. Ethyl formate [EB/OL]. [2022-08-17]. https:/
www.chemicalbook.com/ProductChemicalPropertiesCB3411274.
htm |

[23] DAUTE M, JACK F, BAXTER 1, et al. Comparison of three
approaches to assess the flavor characteristics of scotch whisky spir-
it[J]. Applied Sciences, 2021, 11(4): 1410.

[24 ] THIBAUD F, PETERSON A, URRUTY L, et al. Sensorial
impact and distribution of 3-methyl-2,4-nonanedione in cognacs and
spirits[J]. Journal of Agricultural and Food Chemistry, 2021,
69(15): 4509-4517.

[25] KEW W, GOODALL I, CLARKE D, et al. Chemical diversi-
ty and complexity of scotch whisky as revealed by high-resolution
mass spectrometry [J]. Journal of the American Society for Mass
Spectrometry, 2017, 28(1): 200-213.

[26] A B> #HALKEHA T ELAS Y 2777 [D].

ZA%: T d K5, 2013: 11. [ ZHOU Shuang. Volatile compounds
among Chinese, European and American oaks[D]. Wuxi: Jiangnan
University, 2013: 11 |

[27] FAL, A%, INBE, F BAH BT TLH HEFHRA
AR W F AT L[], BB A, 2014(9): 17-20. [ LI Chun-
guang, ZHAO Xinjie, SUN Yuxia, et al. Effects of oak products on
oak-related aroma components in dry red wines[J]. Liquor-making
Science & Technology, 2014(9): 17-20. ]

[28] REID S J, SPEERS R A, WILLOUGHBY N, et al. Pre-fer-
mentation of malt whisky wort using Lactobacillus plantarum and
its influence on new-make spirit character [J]. Food Chemistry, 2020,
320: 126605.

[29] CALUGAR A, COLDEA T E, POP C R, et al. Evaluation of
volatile compounds during ageing with oak chips and oak barrel of
muscat ottonel wine[J]. Processes, 2020(8): 1000.

[30] COELHO E, DOMINGUES L, JTEIXEIRA J A, et al. Un-
derstanding wine sorption by oak wood: Modeling of wine uptake
and characterization of volatile compounds retention[J]. Food Re-
search International, 2019, 16(2): 249-257.

[31] MARCQ P, SCHIEBERLE P. Characterization of the key
aroma compounds in a commercial fino and a commercial pedro
ximénez sherry wine by application of the sensomics approach[J].
Journal of Agricultural and Food Chemistry, 2021, 69(17): 5125~
5133.

[32] CZERNY M, BRUECKNER R, KIRCHHOFF E, et al. The
influence of molecular structure on odor qualities and odor detec-
tion thresholds of volatile alkylated phenols[J]. Chemical Senses,
2011,36(6): 539-553.

[33] xR, #44¥, 4F 3L TR, 5. &8 P IRk i B 2 77 6%
iz (1], F BA & $ 3k, 2018, 18(4): 253-260. [ LIU Ming, XU
Zijing, ZHONG Qiding, et al. Comparison of the threshold determi-
nation method for Chinese liquor (Baijiu) flavor substances[J].
Journal of Chinese Institute of Food Science and Technology, 2018,
18(4): 253-260. ]

[34] LTk, 5. OB 79 ARk b8 5 BIER 2 [T]. 8
iH,2011,38(4): 80-84. [ FAN Wenlai, XU Yan. Determination of
odor thresholds of volatile aroma compounds in baijiu by a forced-
choice ascending concentration series method of limits[J]. Liquor
Making, 2011, 38(4): 80-84. ]


https://doi.org/10.11882/j.issn.0254-5071.2021.06.017
https://doi.org/10.11882/j.issn.0254-5071.2021.06.017
https://doi.org/10.7506/spkx1002-6630-20200311-181
https://doi.org/10.7506/spkx1002-6630-20200311-181
https://doi.org/10.1021/jf800383v
https://doi.org/10.1021/jf800383v
https://doi.org/10.1021/acs.jafc.0c03058
https://doi.org/10.1021/acs.jafc.0c03058
https://doi.org/10.3390/app11041410
https://doi.org/10.1007/s13361-016-1513-y
https://doi.org/10.1007/s13361-016-1513-y
https://doi.org/10.1016/j.foodchem.2020.126605
https://doi.org/10.1021/acs.jafc.1c01348
https://doi.org/10.1093/chemse/bjr009
https://doi.org/10.3969/j.issn.1002-8110.2011.04.034
https://doi.org/10.3969/j.issn.1002-8110.2011.04.034
https://doi.org/10.3969/j.issn.1002-8110.2011.04.034
https://doi.org/10.3969/j.issn.1002-8110.2011.04.034

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 国产威士忌生产工艺
	1.2.1.1 工艺流程
	1.2.1.2 生产阶段操作要点

	1.2.2 检测方法
	1.2.2.1 样品处理
	1.2.2.2 色谱条件
	1.2.2.3 质谱条件
	1.2.2.4 定量方法


	1.3 数据处理

	2 结果与分析
	2.1 各阶段威士忌挥发性成分
	2.2 国产威士忌不同工艺环节挥发性成分的主坐标分析
	2.3 不同工艺环节酒样关键差异化合物分析

	3 结论
	参考文献

