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tract: The quality control of Baijiu involves complex components of the test samples, and the traditional detection

methods have disadvantages such as low efficiency and potential environmental pollution. Therefore, spectroscopy, a kind

of n

on-destructive and efficient technique, has become an important method to analyze the key control index and quality

monitoring in the process of liquor-making. In this paper, the characteristics of near-infrared spectroscopy, Raman

spectroscopy, fluorescence spectroscopy, and hyperspectral imaging technologies are reviewed, especially for the

application of spectroscopy technology in the non-destructive detection of key substances in raw materials of Baijiu,

physical and chemical indicators of daqu, fermented grains and Baijiu, the significance of spectroscopy in Baijiu quality

control technology and improving Baijiu quality and safety. This paper further proposes that the scope of application of

spectroscopic technology in Baijiu detection can be expanded in the future, such as establishing a rapid detection method

for physical and chemical indicators in its by-products (distillers, grains, huangshui, etc.), or the rapid classification of three

typical types in sauce-flavor base liquors. These researches would be beneficial to the quality control effect and economic

benefit of the Chinese liquor-making industry.

Key words: near-infrared spectroscopy; Raman spectroscopy; fluorescence spectroscopy; hyperspectral imaging techno-

logy; Baijiu quality control
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Table 1 Comparison of spectroscopic technical characteristics
PIATES N e Jar B
N N7 N e = A 1 AHMEIES 2K . LR C;
i SRR WAL AE ST K £ R QiR s N AR
E R A Jotht, S ERG AT R T b, BTROERE S RE FOGIEHEA R, AHSB I IR B AE G,
s {5 BREE ST B i A AL s [ A FEZARRTHERN
B8 e ARERD T HREIEAT I, X FE AN A ZER D, TP 47, FOLIG R TR 2 OtE T,
R LR i T et RN B Wi LK (B EARY S i DR J5 RS E PE ARG A
T R D TR e, KRGS TCRE W, LA BRI AR HAE PR, T A 5o

1 IRLSMNGEERBREESIPRIN A

LA FR I YE A 780~2526 nm, /T
LHP-T UGS LA ARG . LTSN K
I A A 7= A SR F T O-HL. C-H. N-H S5 A4 i)
W e, Horb 980, 1210 Fl 1442 nm B T 19 3% 1K 43 31
JER K (O-H) . AW (C-H) . 2K H 5 (N-H) i1E
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R v B T A R R, SR BB A AE
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BRI FRR, & AR bRt B AR AR %) AL B W Dt Ay
B, RN AN T S BTRR R AR . NIRS HoRE
H B AT B P . AT [RIHAGI 22 R 2 43484 15, 38
FHF A= R PRALFE AR ARSI o Z3 5 AR R
FH NIRS ARG G/ N3k (partial least squares,
PLS)AbEE AR AL S T 214 MEE, 435S T pE RGP
K751« B2 B2 DA S GEM R AR 8 T o i Al . &8
BOIE AT R 7K 3. BR . VERY TR AT (145745
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.
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SRR Yo B AR A NSy, A 1 B g i v N A
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S PRI AELRAS I ST, HEP A S e T
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(Synergy interval partial least squares, SiPLS) 4% &

PLS it T i 2R £ 15 FTFLR £ e 1Y) 3525 %
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FEREREET, A NIRS HAR AT 2D T & R
WA X AR BEEH A A A i S 5
2 SEOLIERGERARERBEREEH PN

OGS AR A SR CIEHOR 5 KRR AR S
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2.1 ERERRHE
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5009.6-2016 K E i AR DT AN A ) Ty sl i SAE 64,
5%, (BAFE AT BT 4% | 15 YL FNFERT S5 A B30,
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LATCHA . PREE A I g F500 2 40 v S A 05 A IS U5 2 1)
T
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AEIE R W2 R Y RTHLEs 2% X iSRS,
— e B IE TR G AR SR B A Tk
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L%, ST T /KRR SRR UIARAEL, Jin 469 JLF NIR
1R TS RS HE AR GE A TR B 2% > v LI B X 537K R p

FERR, IR DGR T SR K RE R SRR A2
T Hk B K B S5 IX AE 24 1300~1400 nm 4k . Zhang
SEWUFFT NIR S GHERARES GRS J7ik, FIFH
CNN., 326 U531 22 ) 45 (RNN) FIH 45 842 (LSTM)

GENT SR, ERR U] 90% FOKRAP T EAR, IR
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Mo AR, WIS EORAE R o S B IR
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T2 AT T RS SR SNy TR BRI 7 -

1 M 7K S5 A R TR i e A AR ) J5T )
FeAE, A B S R XSRS A, T4
T AR B AR T B v I R S S S R . b
BREEN 30 35 5 G R A I B I SO E B S Rl
IK Gy B R ST AR, STERAS ] Hh 5o AN [F) A
K AR H KA S POH ARSI . Huang 45071 g @i
7 FE 2 B AR MR (multigranularity cascade forest) 17,
SEER T R K S35 B 00 SR BEARS I A 53 AT AT AR AR .
R it AR A s SRR I B TR R 9 2 LB IRA, X5
U R i TS AR R v IE A AR 5 42 1E (standard
normal variables, SNV) J7 1= $2 AR B F ] 34 5ok 2
i [ B, A FH B BRI R i AEAS ROT X {1934
JEOBE B s AT AT Ak, B B 1A W) 22 e pst B i R
s FbE S ARG L. il i R B R A R
JHSRBENIZRAE, FZEZ M5 G A A PLER LA
T2 B W5 FER BT 7K SR A s i), 19 B ol vy sl (IR AN
FIFIH ST, SEEPRINR phiR B2 AR, 45 B4
TR L 28 IMESERT FIH] SNVA+SPA+LS-
SVM TSR, 3H55 Y A MR 3R s R BEAE T i K
BEEUR, HIE BT WAk = B, 8 B0 bR R B (B
221k,

27 AT AR I N, ASTR] & Bz A (] i o il 2K 43
T I JERE S i DA R BEAE B AN, B & B
BHATRRAE K S5 B RS & . FREEM T L = &
oA T e 41 AR i, ARER Kt RS 3 48
PRIE R Rk S GRS T DL EUL s R
IR I JERE B RR BEAE A A AT I 0, SR e R & 1
RS FRAMKIE, o & B PR 1AL S8R
S N (1B 7 =X /WA 19) = o8
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Table 2 Application of spectroscopic technology in quality control of liquor production

- i - " SEBIARERE TR R 58 IGTER X
A SRE ik 10 L2 EEA 2 KR R %
KA Ky i H AL R P R BR 2RMSEC :RMSEP RMSECV STk
K5 - 0.9776 - - 0.10
e TEH - 0.9573 - - 0.15
Neli - 0.8985 - - 0.35
HHR - 0.9035 - - 0.32 Py
Kb B 7EEE
FLTAb 7 r - 0.9725 - - 0.09
TER - 0.9457 - - 0.18
p_— =] - 0.9023 - - 0.43
=] >
EEn - 0.9125 - - 0.39
KHEVERY 4386, 4394...6544 cm ™% 0.9523 1.2573 1.2845 -
o e A R A
HHEE R 4392, 4400...9600 cm ™4 0.9417 0.00865 0.0901 -
Ko 8996.86~4862.04 cm™' 0.9532 0.164 - 0.235
FLTA [iziEs 8264.41~4064.62 cm’™' 0.8409 0.023 - 0.034 I AR
B " TER 8996.86~5499.99 cm' 0.9846 0.147 - 0.341
Kith bk 7 4500~5800, 6000~7800 cm™* 0.9322 0.1041 - 0.1182 X1 E e
. Koy 1450 nm 0.8484 0.0287 - - IRk AT
(=B 957 ST T e ErA]
e R 26MFFAE K 0.9227 0.0573 0.4556 - X 5E4F
173 8P K 57 0.9132 - 0.0081 - PR
4304~4600, 5504~6100.,
KRGy 2600~7504 om-" 0.8888 - 0.5871 -
AR RIS i7iis 4304~4900, 5804~4600 cm™ 0.8776 - 0.0714 -
=1 4304~4600.
TR 55046400 opn”! 0.8362 - 0.4096 -
o 55046100, 6400~6700, 00118 - 04766 B AR
7600~7904 cm™' : :
. N " 4300~4600. 4904~5500
A 3 Vs N7 7y A N _ —
HEINE A i 5804~6100 om-! 0.9427 0.0922
N 5504~6400., B B
VR P ik 6404-7000 et 0.9192 0.3052
2R 4112,4119..4921 em ™% 0.9897 0.0814 0.0854 - .
o E o SEAS AR
BN YT 4212, 4219...5037 cm 4§ 0.9910 0.1475 0.1434 -
. 4304~4600 cm™' .
24 T N £ 7 475 [36]
E1 LA ISy 5804600 cm”! 0.937 0.172 0.177 i
2,3-T i 9403.2~7497.9 cm™ 0.960 2 - - 0.39
. - HHT DL
3-F2HE2-T N 9403.2-7497.9, 0.963 2 - - 0.22

6101.7~5449.8 cm™'

3 REMERAERBREIESIFHINA

P2 BT B SGB ST T  T 2R B AR e R
5, P2 A e TR S RO FE S TR, —
Fse T =) R B FE ST B o BRI BT ELAT RRE R
S, PSR MR E SIS TSR S
S TFIRBIAESE, AT A ARYEX T BT A T 2 55 .
PPN =€ 2t Lo REVA=-B )y 7= d o [V B = B eI B3 | N
B TR RGN S T AR LR SRR ST,
T B AR R SR A R E Y SR B2 O3 (Sur-
face Enhanced Raman spectroscopy, SERS)Hi AR, F=
FERTRR A OV ZH 53 FITR RS S S R AR, a5
ZH 53 AR, B UEOU AL IRAT I, SR AR S A G AR R
Ao
3.1 BEEPERE S RN

CEEMIPL = S CTE R IR S 2 B A E L,
HAEIH B 2 B Ao S A ANA], P2 i iy
BWAFE. FIHZER C-C-O Mgk shikugss & Fl

T Y SC BRI TN R . T AERS I
2 X 37 4 2L L WL AN R 2R R Y C-C-O i
Y225, TR EIS IRt o, il AL 5
LEERE R R P OB S . RO S
MIFEHN, HFHRE AR5 2B Hne AR g
BUHHFE], B 1~10 cm ™ RF%, b= s Hs AR A T
JHF R A Tl SRS 2] S8,
3.2 BBEPRAGKBREN

FRTES DA A P AL i v 32 B s ), BB 50 5w
T RN AR 2558 B ST, H AT, W
JH AR FRAGI 7732 14 AR 32 BRSO (0 3% R A (2
FEEEAR o FFHPLE SCRER ARSI A 2558 B7 I HRIE 3R
/b, TBESCYPHEEY dis7 T SERS FEARX it oA 25k B
—— 50 A B E PRSI vk, BeAs HS R TR iR Y e
E . BRA T o 24558 BRI (1) 7 vk 2 T RS T
FEELAEATAL IR, 7= e BLAT BB R 4 i AR,
A ST AE AT A 245 5% BE ARG %) 107 FH HLAT 552



- 510 - £ Tl B4

20234 2 A

KT -
3.3 BB E&RAMFIEE

BERGE AN . VU R EAE Sy i vheas LA AR SR
7o), HCRIVE FH U6 AN . BRI, dEm A
PR P PORERS 6 . PEHIRAE B A SRR L,
S8 B ST T R R ST AN Y SERS RS
M T RS ERR T  ERIAS B AT R oy
PAFESRINPL AT, H il A e TSR RGO
b T SCEEAEPT BT U R AR B, R & bedd
T A A RERE £, A ST I e, EA T Tm It
JRAEAR, LISRAG AR 255 5080 i ok e s e
FEAGI, HAS H BR A7 0.5 mg/L. Xiao ZEF % Opto-
TraceRaman202 14 SERS {4 1, MERGFEIN
TSRS R P R PE HBARAE S . P2 H T
P F A E R S N A ARSI A AT SRS T LA B P
AP AR b B i e A IR AL T RO T B
34 BHEFRREMS RSN

FTG B YR A 7S e ) AT Y AR R (Bio-
genic Amines, BAs) . 2 3i& H iR HF fi§ (methyl carba-
mate, MC) FNZEEH 2 2,155 (Ethyl carbamate, EC )45,
I i BAs >k H T ZLAR b A Qi ke 2l FE R it 72 T
J%; MC Fil EC M & TR v DL DR 28 AR R £ 5545
T i, S5 R N AN . = H PN EYEY)
JoT, AR O R R e B X,
2015 4F, SERS JTFAR BN T7EE W BAs £, H H
B4R TR S P 2H A, AE P T A AR
A ULHRAESY . BT SERS AY BAs Bl AE & AT
T 2R R M AE T hr 2GS AR B i, AT
1T A B S B AUKRIRL, 15 RIEAF 0 JF i
SehiE SRR, #E57 MC 1 EC frufiEkt ot
SEERARZE, TR S I RO R A5 S B8, A
MSCEL W - MC L EC 3R B it it

P2 EGEEARN T Al B NiRS
I FH 22 SR AEAE TP A TFR AR I 2 , X 2R 7 e 72
A PRV YRR SR BRI o e b, E—2E R R
PGSR ARAE I R A R P TR TS G i e
BB o
4 TIERARERBREEHIFPRIN A

FES 26615 %) 28 55 2 B2 T P Ao Lo s
[ 3 BP0, B 43 B vheRs Y R R O O6TEE
2. SHERSOGCREAE R TGRS . R
FEFETE—E ST ASE BN, Sk ST 52800
EIRRMIGERE, MR IGETETE—E RS,
PR WEE TR A AR GG ], R B AR
BV T P65 TUR IR I SCR 5 ot
Rt POEGIE S RADGEE T o 4indohohg, ok
Sy i iRt . ARSI GIE A T R G
TSI, YR DGR B B TR AR N A
ARG R, Iy BT 400, P RSN
K5 T L5 A -OR, -C=0 F1-OH 3L M, 7k

WA SR B R T BE = A2, X T 2 56 iY BTk
AL SRR TR | A GRS T e
Aplo7T00,
4.1 THHEERBERLERISRIRA

FITP A 1%~2% PGSR AT B T T 54 S
R, SRS, S| PRIS . a2, MRS RTmE
ISR R TR PR R S I 2 A B T
BT LT P A2 20 a%, Jd A Qi 2H B 3 T 25401, A
IR ENFE SV RS H 0. A P i i s 2ot
W WL 3. REFFWTY @7 T =406 538
B G2 B AL A ek, T HE A e
R S B I AE o AS TR 289 B 7E 200~800 nm JGi
JE R NI W B 5 H 22 57480k, am i R EOAS [R] Y
FIP D O ISR FIESEL, U TR AT 0T Ko A [
TR FAIPEET, T P DO G GIREEL S T T )
R A5 R, Gu 8573 2 H R D GIE IR 2 R 5
KEW, I R 16 Bl T I =PGSO
TR 25, R R G0k B A R T & RO T4
25, Ma 2574 B GRERIb AT R A X 84 F
FITEEF 74007, 76 300 nm 354 I KT B &2 Bt
AT RS FE AL B ST, XTI AN [R) 75 750 PP
LT IEAfAEAT IR E] 100%.

3 HBESM TR K

Table 3 Fluorescence spectral wavelengths of liquor and

components
% T B el 1 (nm) 275 30k
LB 285,330 o
ERNRIIR B 310, 330
b 304, 402
CR TR 304, 344, 417, 554
R 306, 310, 394
T 304, 430
2R Mg 304, 434 B
ciz 306. 330, 430, 536
LR 304, 394
TR 304, 404
2.8 304, 394, 558
SR 430754 —
UER 350~450

42 FOCAEEREERERN RN

RO PN 7 S A R T T T R
T, AWK S 25U E. FBEE A7
B, I R OR s A AR AR, T SR BT 1Y
BRI | DR BCRE SO B AR AU . IR
AR 38 I AR 1 = RS, THARL G
TR B 5 S AR B B I b ZR K, 2R I
O G EE R AN [ X I s, 486 2 i lide ) —f
PORSHR TN ARGy o Gu S5 S H R =425
DG SR T B B A0y, e B R AR AR
RS E I EL, A E FE L E ot 1t
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J7 10T DL G N S s in g IR0 Jot- S S5O0l B ARy
HELZES .

R AR | IR RO SENAE, T A AT A
JHT 0 SR BRI S . 25 B, OGS
AR oA 5 2850, 2R T 6%
T T WARRE S BT i 53T o B TR, BE— 2B T
GRS C CHERAE B R AF R =y b ) SIS 2 i 4y
Kre R, PEm R AR, A 45 T R IEER )k
HY A
5 g

DTS A W T P AR B ) A,
L7 A R ORI OCEE Y o2 e . R B B b | TP
Y, HooTSCEUTCHITESAGi . fF B NIRS AR
JH T4 58 BRI OB BT, F00 A0 9 S S o
e, AT HE— 2B N T A P A TR R A A
JBG | BT = AP AR g 251 o S OGS R EOULRER
KRR S 3 o8 K R BEAEL R S AT IS B, S lE R
H A FRIRAS SRR, S R WA IR e hE 2
A= a NI 7L VDN S P QN =1 i = DAL S5 N
SRR A ARG S, AT LA SO i BRI e R
Ao, BE—25 AT N TR ot R A I S R
HEAMAE , A BT ORUERRPY SRS P S i . i
SR P AR 245 5% BE RS I g N HAT #0077,
B SR T h 22 A E S S5
T2 BRAEAE R A R PRI AE, XAt v
PR S JL i IR B BRI ST A/, 25 nT R hL
S CTEHORTE PP RIS R N MR TS G e S8
BRI o B HRIE B TGS R R BT 5 S 5]
BNz, PRGN S S A A b . i
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