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different fermentation rounds: a multi-round analysis based on sensory evaluation and

chemical components
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ABSTRACT Traditional sauce-aroma Baijiu aging requires an extremely long period, leading to high storage
costs. Exploring efficient and safe artificial aging technologies is an urgent need for the Baijiu industry. This study
aims to systematically evaluate the accelerated aging effect and underlying microscopic mechanism of low-dose X-
ray irradiation on sauce-aroma Baijiu base liquors from different fermentation rounds. Base liquors from the 1st, 3rd,
Sth, and 7th rounds were selected as samples, and five X-ray irradiation dose gradients (0 kGy, 1.95 kGy, 4.55 kGy,
6.50 kGy, 9.10 kGy) were applied, and all samples were analyzed within 3 days after irradiation. Combining sensory
evaluation, gas chromatography (GC), and high-performance liquid chromatography (HPLC) analysis, the evolution
of both macroscopic quality and microscopic volatile components before and after irradiation were tracked and
elucidated. The results showed that the aging effect of X-ray irradiation exhibited significant dose dependence and
round specificity. At the respective optimal irradiation doses, irradiation reduced the pungency and bitterness of the
Ist-round base liquor, decreased the astringency and enhanced the ester aroma of the 7th-round base liquor, and
improved the mellowness and balance of the 3rd- and 5th-round base liquors. Low-dose X-ray irradiation is a highly
promising efficient physical aging technology. By matching specific low-dose windows for base liquors from
different rounds, it can effectively simulate natural aging effects within a short time, providing a solid theoretical
basis for the industrial accelerated aging and quality grading improvement of sauce-aroma Baijiu.

KEYWORDS Sauce-aroma Baijiu, X-ray irradiation, Baijiu accelerated aging, Baijiu maturation
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Fig.1 Schematic diagram for evaluating X-ray irradiation and accelerated aging effects on sauce-aroma Baijiu
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Fig.2 Scene image of X-ray irradiation and accelerated aging for sauce-aroma Baijiu
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Fig.3 Monte Carlo simulation results of penetration of different particle sources into the liquor body (color online)
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Fig.4 Comparison of key sensory scores of sauce-aroma Baijiu base liquors before and after X-ray irradiation
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Table 1 Effect of different irradiation dosages on total acidity and total esters of sauce-aroma base liquors from different
rounds
LI/ b SR A SR (B SlE (LLOTE ZBETH)
Round Treatment Total acidity (as acetic acid) / (g-L™")  Total esters (as ethyl acetate) / (g L™)
1EIK %} & (Control, 0 kGy) 5.26 8.93
Round 1 4] (Trradiation, 6.50 kGy) 5.06 7.84
3EIR % i (Control, 0 kGy) 3.68 6.43
Round 3 4RI (Irradiation, 4.55 kGy) 224 4.42
SR %t (Control, 0 kGy) 2.19 4.87
Round 5 4] (TIrradiation, 9.10 kGy) 2.26 4.45
TEAR X} HE (Control, 0 kGy) 1.64 4.94
Round 7 481 (Irradiation, 9.10 kGy) 1.63 4.13

5 3B I R ZIARARTE i BT L, 5 50 TR:
7E 9.10 kGy Hy = A S qm BT, 32 2RI 4H 7y
RIS R e . R2 R B, XHRA
HEBHZ ML/, RO LR B K
IETREE (397.47 vs. 390.54 mg/L) %5 FEY) R & &
JUFEAREES . RRH ST A 8%

MR AT A b o 256 §2.2 HhURE R i R
Tty HED S B UK M RO R RE IR AR T 3 2R
Y5 A A 2 B, T YT R e R A € A
H AR B DG B AR BT A 1, B 9 A rh B
2 G BRI AL

®2 EREE 3RUON S RIRETERBE R RORYI B KA LN H
Table 2 Comparison of key volatile flavor compounds and organic acids in 3rd and Sth round liquors before and after
irradiation
HaEm HaEm 3R S5HIR
Category Compound Round 3 Round 5
0 kGy (Control) 4.55 kGy 0 kGy (Control) 9.10 kGy
FERRZS / (mg- L) % Acetaldehyde 498.97 245.21 287.99 276.50
Aldehydes & ketones LY Acetal 371.51 193.65 228.52 216.20
g2 / (mg-L™) L .T% Ethyl acetate 4094.10 1815.78 1950.39 1926.48
Esters FLIZ 2,15 Ethyl lactate 4329.51 3728.22 4077.18 4017.77
L2 2,15 Ethyl hexanoate 6.77 6.78 6.81 6.61
TR Z.1i5 Ethyl butyrate 15.35 8.54 9.00 8.88
2/ (mg-L™) 1EP % n-Propanol 1018.43 363.27 397.47 390.54
Alcohols 5+ T l% Isobutanol 244.06 126.09 137.28 134.80
5 I Isoamyl alcohol 263.89 252.39 271.47 271.76
HHLR / (mg-L™) 2.1 Acetic acid 2713.25 1479.71 1518.23 1482.82
Organic acids WER Propionic acid 34.54 21.31 18.80 24.66
T8 Butyric acid 22.48 19.47 19.77 19.28
L2 Caproic acid 12.43 12.61 12.65 12.64
FLEZ Lactic acid 1569.44 1115.40 1099.62 1105.47
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Table 3 Comparison of key volatile flavor compounds and organic acids in 1st and 7th round (head and tail rounds) base
liquors before and after irradiation

Ay 7/ESit wEY) 1EEIR THIR
Category Compound Round 1 Round 7
0 kGy (Control)  6.50kGy  0kGy (Control)  9.10 kGy
FFIEA ) / (mg L) B Furfural 0.31 0.30 2.35 1.65
Characteristic components 2K I Phenylethyl alcohol 4.23 4.03 23.39 15.10
PR / (mg-L™) L% Acetaldehyde 173.81 160.50 427.50 275.77
Aldehydes & Ketones LYl Acetal 137.68 126.40 213.57 211.55
525/ (mg L) % 2T Ethyl acetate 7091.95 642543  3086.45 3265.55
Esters LR £, Ethyl lactate 1750.24 1664.56 2376.44 1 560.84
CLfR 2.1 Ethyl hexanoate 6.73 6.70 6.96 6.74
fE2E / (mg- L™ 1EN I n-Propanol 38477.10 36506.65 2291.72 2299.87
Alcohols ] 1% Isobutanol 236.53 226.22 386.33 386.48
5 Isoamyl alcohol 369.84 356.48 1528.67 991.77
HHUE / (mg-L™) Z.1% Acetic acid 4658.77 457052 1356.13 1422.97
Organic acids T2 Butyric acid 29.31 29.33 30.60 32.29
L2 Caproic acid 12.37 12.34 13.36 13.41
FLEZ Lactic acid 744.21 722.83 302.70 302.94

24 XETEERRERRAV IR IR

ity R RE SEAASN, AN XA
L BRI A R AR - 2R R A
PEAL R, HA L HLEAE TR ae e 15K
CIEGIEN: BT S VA R I o SV 1) X i
T HREAP R, FERR AR,
AT TR A SR N 53% (AR 80, &
REAEAR 2 P AR RR 0 B0 U, R L 22y 7

AN R Tl AU 2H 73 B ) A, B R O e
W F 22tk —, HEERBN RS S5KY TR
W IFIBRE) 1 I SR IR A 2 I S X 25

i e X N R B AR B, KT
W Oy 1 ¥ W) B R IR S e R AR RS, SR
AR E IS TERIWI R B R 27 P

H,0 — -OH, ‘H, e",q, H,, H,O, @P)

CH,CH,OH — CH,CH,OH" + ¢- 2)
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RN XOM LR N A A IR LI R AL I R 2T B VR S A AL I 2 R AT

CH,CH,OH* + CH,CH,OH — CH,CH,0H," +

CH,CHOH 3
CH,CH,0H* — CH,CHOH + H- (4)
*OH + CH,CH,0H — H,0 + CH,CHOH  (5)
*H + CH,CH,0H — H, + CH,CHOH (6)
2 CH,CHOH — CH,CHO + CH,CH,OH  (7a)
2 CH,CHOH — (CH,CHOH), (7b)

1E53% (RO M@ OERE T, LFF
T EBEEN RN B . LRI
RE(£110.5eV) 5K T (H12.6eV) Mik, —#
TE X 5 28 e UURUE A2 A DL BLE BT 3L By
NP BRI (2~4) iR T OFE
HERWER RGN EEREERE: AR
A RIBAE 7 E 3t (CH,CH,OH") il i 1 #%
¥ (3) Efo-FoRAHBE (CHCHOH), ¥k
A 4FEES T (CH,CH,OH*) M4 ABE (4
B4 CH,CHOH. [A, /KEEMr=41 « OH
Ao H B BEET SR (B (5~6) )
kb 2 4L CH,CHOH,  #) Rk — 2 BE Y
WML RE AL BhIEIE . CH,CHOH Ry 1k 75 Rk &
T REBERMB I AT BARMN (Ta) AR
B, RN (Tb) Apk2, 3-T B, JEERE
PN T PR 5 T 1 A A G 2 A, R R )
A AT A A HE g s ) R R A T

EIRIK Gy TR WS TR AR T A IR B
Sl AR . IR, B A S N AR,
WK T G 85 A IR AT R 2 o A H]
U R TR R AR (CRE-KE
WO AEy SRR IR T RS EAT N, R IR R
i SR GAEAE 1.0~3.6 2 [i], H AT E AL
VSR VR T R A WAL 4 1 B el s R e
HESRHI R, 1653% (RBOED s LB
JEN, CREEEEMP A CH:CHOH H i3k &
ETRT B AR EMN, SKKEME bR
(*OH. *H.e", @) Wr[FRIE FH T B R 2H 73 1 AL AL B
. FR, (REBHESEERN2, 3- T SEESRAL E
eV /NP et s AR NS TR S S E AP E RS By g
PRARPRAL T E LR T, XA IR TAE N AR
FoEL AR X 2R AR IR AR R R R
g 7 E BB IR . HEALAIEIE ST, R R
{100 A Jof 3 0 S — AN LA E SR DK B (1) B A S B A
S PR R, mEAEM R mY TN, B
IS, «OH A i EiL2.80 V) /EN
IR BN, R BChEE Can 2 () B Ik

WO Mg CInENBEM o-C-H ) MBS
LR CTRIBREE) 55 BA B R BOE VR B fe ],
JE Ao Sl A R L A B S L ) S LK A T X
W ZH o 3% B8 M B A o AR R A B A ) g S —
Wl B B A RN A TR E 1R
NI AE 7 W0t 2 Bt 3 A IR £ gk 5 A0 95 4
TR e

XFF 35 7R R, R A E AL
WEREARE NS (Ll HENMEES
COnIETABE . 5 B DA 53 6 28 o AR Wt 25 1 B
fift B AL RO o X PR ) AR FIE A4
WEERI AR, BN 1 B IRBRER A XK 4 o2 1) 22 1
FERANEA, DT BRAR 7 5 % 118 1 8 e ARORE s S
AT TR RN JE . F2E i 1R S #8iR
I, AL S 2R AR IR I R R 1 T 57
PE, EREST 4TI RE B 2 MR H TR U 2 1
BB 33 7 A 46 &, AT 75 4 357 J5 A UG
{0 3 e S W K A P s P N B
(" e AR, S bR A X R e e TR SRR 1 k2
B, B —AREReRRRRE S RA M Ak
557 [N, SCRg G B AL S 01 R KU

G5 K T TR (0 B A A
3 45ig

A FCAE T X 5 2 48 TR B AR A i ¥ & 7Y
F1 P A [ 0 vk 358 Y9 22 28 R 1 2 F 98 0 5 oW AR
ML, EELHE LI

(1) ESE T 72 Gy/sX 9 2k 4 R B A B 3408
HA R R AR R S A R O X 2R5a I
X VB AR it SR () 5 T A7 B R TR AR R A K 0E B
[F) 56 UGB I B AR R R B D B E A 150K
FLWTE 6.50 kGy Il & T Hil USRS SR BEAR . A
BT 3E ORI AE 4.55 kGy 7l & TR B
R ERES . BEE S RE IR ST UK O AT
9.10 kGy & T # A& FEALE SR Ao AR
IBE s 75K RIEAE 9.10 kGy 7l & ARk
M. BEE KRS . XFR0RY, bR
W, R [ B R R TP ARG v UG A S 1 77 o e 1
VI ER AR B 1 B

(2) 7~ T ~OH H Hh 5E 0K Bl 1) 3% 5 1 P e 25
FBU: FER A HTIESE, X BFERMERR IR O
MU 2 — 7 TP £ 1 -OH H 3t (R L r
2.80 V) X I IR A I ) RO BRI B AR . AE
EHAET, FENE “SRE KR SR
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S8 “TR MEmSEE GnIEREE . SREE, 757
U S LEE M 1 528.67 mg/L Bf % 991.77 mg/L,
BElRIA 35.1%) BT & A Z 4 « OH Bk i M B
RE GR3E. o-C-HEE), 7B XM R
AR, TR T TR RS AN Al R

(3) [ W3 T 35 -0 2% 5 T 22 S 1 A o ) 7
UCRE SR AN TR R IR 56 R 1 25 T DR LAk 2 5 i 2
R R 22 5, 6k XS 28 1 g0 5 R ) o7 i A
WERZEAR . 38K (RENE4.55 kGy) TEA#
OV, R BRI A AR R T K R
P (ZTERENE 50.8%. 1E N EEREIR 64.3%), SZEIZR
ALEEAR s SER IR e fEFIE 9.10 kGy) TR ILH
S AR e e, AR R AR T R YE TR 4
531 B BB B S T T AR 4 SRS g s 1
IR (AR 6.50 kGy) R HAR & 0 Jo ik 2 ik
BRI BRI R RE ), 3 B o s O
I TR GREEFRIE9.10 kGy) W& i 5 %1
SEAGPRAR, S I AR 5 5 7 OR VR SR
RO, SR o s Tt .

gE LTI, AR X R A RE A R4
BRI I BRER 1, B R S AN R A IR
(1) R AR R 22 e R AT 58 A AE M o CE AT FE A
() 3550 VR B IR R SR il 1, SRt — e
3 S A A T XU AR T S K R A AR
FA BT HE B2 A AR S5 = 50 A 1) Tl Ak
M. EFEKE, WIEREIITEM (GB 18524—
2016 2 GB 14891 R F ki), P48 5 A4 7= 4
BEWRIAVEAT, AR TS IR 7 W .
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