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Abstract: [Objective] To rapidly quantify four major organic acids in 47 base wines of Fuyuxiangxing crude Baijiu using near-infrared
spectroscopy (NIR) and chemometrics. [ Methods] The study used the Kennard-Stone (K-S) algorithm to divide the samples, combined
with preprocessing strategies such as normalization, standard normal variate transformation (SNV), and Savitzky-Golay smoothing. Model
parameters were optimized through cross-validation, and the effects of the number of principal components and band selection on the
performance of the principal component regression (PCR) and partial least squares regression (PLSR) models were evaluated. [ Results]
The validation results showed that the prediction correlation coefficients (R”) of the PCR models for the four major organic acids (acetic
acid, n-butyric acid, n-pentanoic acid, and n-hexanoic acid) were all higher than 0.9, and the root mean square errors of prediction
(RMSEPs) were all lower than 7. The R? values of the PLSR models were all higher than 0.8, and the RMSEPs were all lower than 8,
indicating that the models had good generalization ability and prediction accuracy. [ Conclusion] NIR combined with PCR and PLSR
modeling methods can effectively achieve the rapid quantitative analysis of the four organic acids in Fuyuxiangxing crude Baijiu base wine.
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Table I Forty-seven samples of Fuyuxiangxing base wines
from different production years
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Table 2 Retention time, regression equations, and

correlation coefficients for organic acids
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Figure 1 Near-infrared raw spectral waterfalls of samples

of Fuyuxiangxing base wines from different

production years
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Figure 2 Selection of preprocessing methods for principal component regression analysis
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Figure 3  Selection of preprocessing methods for partial least squares regression
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Figure 4 Principal component regression analysis band selection
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Table 4 Predictive performance of the two models under optimal conditions

i K IE4E ERUES
fatn B ﬁ;‘;f WeH/em™! ?;g R, RMSEC R, RMSEP

BN 2% M HNE S5E B 250 Bl 250

LW PCR SNV 1200~1000cm '551700~1300cm "Z4& 6 0959209512 14.6217 15.748 1 0.9372 0.9158 5.929 1 7.438 3
PLSR SNV 1200~1000cm '551700~1300cm '414& 4 0.95920.9570 14.613 515.760 5 0.968 0 0.954 7 4.236 6 5.4559
IEETMPCR  S-G 1200~1000cm '51700~1300cm '"44 6 0.93660.9247 44784 4.8518 0.9669 0.96010.5198 0.618 3
PLSR S-G 1700~1300cm '553000~2900cm '414& 4 0936609274 44333 48836 0.8933 0.7854 0.9326 14330
IEJZAR PCR - SNV 1200~1 000 cm ' 5 1700~1300cm "4 6 0.87480.8747 24609 2.6069 0.8377 0.796 5 0.678 6 0.823 1
PLSR SNV 1200~1000cm™ "5 1700~1300 cm '41# 4 0.87450.8693 24637 2.6360 0.8255 0.7757 0.703 6 0.864 1
IECRPCR  S-G 1200~1000cm '51700~1300cm '"4l& 7 0.90220.891723.590725.784 8 0.920 3 0.904 8 6.262 4 7.415 3
PLSR S-G 1700~1300 cm™' 4 0.92130.9294 21.171922.844 7 0.863 6 0.829 0 8.193 4 9.936 1

W54 5.929 1,0.519 8,6.262 4, ZFR IE T R Al IE
O R 1Y I i /I 3 vk TR U A 8 T B E AR B4 R
0.968 0,0.893 3,0.863 6, Filil] 3 J5 R 15 25 43 5l 4 4.236 6,
0.932 6,8.193 4. 3= W43 [l U3 il i f5 /)y — 3¢ 32 [l |3 452 74
B T P 72 2R B 2 Rk 0.8, T ¥ O AR IR 25 5N . A
W22, T 2 0 BIORG BE B A%, B ke e 3 0 43 3
0.837 7,0.825 5, Tl ¥4 77 #i1% 2% 43 51 4 0.678 6,0.7036,
X T fig 5 LR Y ok B R B 1 3 D B B 5 L A g
SPEEERA K &L AN kA A A H
A B /0N = 3¢ 125 TR0 U 33 ) 6 A8 A 28 7 A AL I 1 o ik
G3MT % RS DR A HLR A 3 A T T S BR
A BRI T SR, B R

EESdN

[1] 908 DG, BRAT, b i, 45 . BAR A 2L (il = 4 90Otk R AE
Iy HTOESE ] P E RS, 2023, 42(1): 203-208.

JIN X Q, YIN H, CHEN S Q, et al. Analysis of three
dimensional fluorescence spectrum characteristics of Fuyu-
flavor Baijiu[J]. China Brewing, 2023, 42(1): 203-208.

[2] CHEN P P, LIU Y, WU J H, et al. Sensory-directed decoding of

key aroma compounds from Jiugui-series Baijiu, the
representative of Fuyu-flavor-type Baijiu (FFTB) [J]. Journal of
Food Composition and Analysis, 2022, 114: 104799.

[3] WA S, A, AUk, SRR AR A B L0 R R A b B AR AR bR
R AR MRy AR A3 T (9], B A S LB, 2024, 40(5): 29-36.
LUM S, YU J, YU B, et al. Analysis of physical and chemical
indicators and volatile composition changes during aging of
Fuyuxiangxing crude Baijiu[J]. Food & Machinery, 2024, 40(5):
29-36.

[4] ZHANG X J, MENG L J, LU Z M, et al. Identification of age-
markers based on profiling of Baijiu volatiles over a two-year
maturation period: case study of Lu-flavor Baijiu[J]. LWT-Food
Science and Technology, 2021, 141: 110913.

[STWU Y S, HOU Y X, CHEN H, et al. "Key factor" for Baijiu

quality: research progress on acid substances in Baijiu[J].

Foods, 2022, 11(19): 2 959.

[6] WANG L H, ZHU L, ZHENG F P, et al. Determination and
comparison of flavor (retronasal) threshold values of 19 flavor
compounds in Baijiu[J]. Journal of Food Science, 2021, 86(5):
2 061-2 074.

[71ZHAO D R, SHI D M, SUN JY, et al. Characterization of key
aroma compounds in Gujinggong Chinese Baijiu by gas
chromatography-olfactometry, quantitative measurements, and
sensory evaluation[J]. Food Research International , 2018, 105:
616-627.

[81 BEC K B, HUCK C W. Breakthrough potential in near-infrared
spectroscopy: spectra simulation. A review of recent
developments[J]. Frontiers in Chemistry, 2019, 7: 48.

[9] PASQUINT C. Near infrared spectroscopy: a mature analytical
technique with new perspectives-a review[J]. Analytica Chimica
Acta, 2018, 1 026: 8-36.

[10] OZAKI Y. Infrared spectroscopy: mid-infrared, near-infrared,
and far-infrared/terahertz spectroscopy[J]. Analytical Sciences,
2021,37(9): 1 193-1 212.

(1] A8, b 5 17, Skt &5 . % 1 485 200 20 A0 D6 3% A3 i 2 Bk g
g s [ e o T (0], £ 5 S LA, 2024, 40(5): 101-106, 187.
ZHOU X, YANG Q Q, ZHANG J, et al. Rapid prediction of
yellow peach spoilage time based on portable near infrared
spectrometer[J]. Food & Machinery, 2024, 40(5): 101-
106, 187.

[12] 5k T, Sy, i DU TiE, 45 . 1 90 B3 o 2 ) I A e L
AR AN EIE R [I]. B SRR, 2016, 37(6): 111-115.
ZHANG W W, LIU J X, HAN S H, et al. Determination of
aldehydes in liquor base based on fourier transform near-
infrared spectroscopy[J]. Food Science, 2016, 37(6): 111-115.

[13] X2, gk 110, o DU, 55 . [ Rl b iR L S IR IE 4T
HMPGEAG I [T]. £ 5 RE, 2016, 37(4): 181-185.

LIU J X, ZHANG W W, HAN S H, et al. Rapid detection of
caproic acid and acetic acid in liquor base based on fourier
transform near-infrared spectroscopy[J]. Food Science, 2016,

37(4): 181-185.

79



80

24 517l SAFETY & INSPECTION

[14] ZHANG J, TIAN Z Q, MA' Y Q, et al. Origin identification of
the sauce-flavor Chinese Baijiu by organic acids, trace
elements, and the stable carbon isotope ratio[J]. Journal of
Food Quality, 2019,2 019: 1-7.

[IS]G BN, M4 ~, WRE, S ANPHE . ZROE ARL

fif R & TR A1 R 19 0 22 [J/OL]. B A 4% . (2024-07-05)
[2024-11-05]. http://kns. cnki. net/kems/detail/52.1051. TS.
20240704.1514.002.html.
FENG S Y, TIAN H'Y, CAO W W, et al. Determination of
methanol, ethyl acetate, ethyl lactate, ethyl caproate and
caproic acid in Baijiu[J/OL].
Technology. (2024-07-05) [2024-11-05]. http://kns. cnki. net/
kems/detail/52.1051.TS.20240704.1514.002.html.

[16] XU M L, YU Y, RAMASWAMY H S, et al. Characterization

of Chinese liquor aroma components during aging process and

Liquor-Making Science &

liquor age discrimination using gas chromatography combined
with multivariable statistics[J]. Scientific Reports, 2017, 7:
39671.

[17] SHEN G H, HAN L J, FAN X, et al. Classification of fish meal
produced in China and Peru by online near infrared
spectroscopy with
Journal of Near Infrared Spectroscopy, 2017, 25(1): 63-71.

[18] E& Ty, Dhiff bR, 258%, 45 . HE T UL LD G B AR A e Jie 26 4
Wy Hh B TR 1 B S S I I (0], BT S PR, 2024, 40(9):
15-19, 72.

WANG W L, MAHL, LIH, et al. In-situ real-time monitoring

characteristic wavelength variables[J].

of flavonoids extraction from propolis extracts based on near
infrared spectroscopy[J]. Food & Machinery, 2024, 40(9): 15-
19, 72.

[19] RABATEL G, MARINI F, WALCZAK B, et al. VSN: Variable
sorting for normalization[J]. Journal of Chemometrics, 2019,
34(2): e3164.

[20]BIY M, YUAN K L, XIAO W Q, et al. A local pre-processing
method for near-infrared spectra, combined with spectral
segmentation and standard normal variate transformation[J].
Analytica Chimica Acta, 2016, 909: 30-40.

[21]TTAO Y P, LI Z C, CHEN X S, et al. Preprocessing methods for
near-infrared spectrum calibration[J]. Journal of
Chemometrics, 2020, 34(11): 1-19.

[22] 77 5%, sk, i e, &5 BT P £0 A0 3% H AR 4 00 i BE RO
IR ], J6iE A 5O 4T, 2017, 37(3): 760-765.
FANG H, ZHANG Z, WANG H L, et al. Identification of
transgenic soybean varieties using mid-infrared spectroscopy
[J]. Spectroscopy and Spectral Analysis, 2017, 37(3): 760-765.

[23] s, JT A, AR B, 45 R T R IR RR RS R E

JEEEAG TN (D). B S AR W R A, 2012, 31(11): 1 142-
1147.
HUANG M, WAN X M, ZHU Q B, et al. Thickness
measurement of green soybean using hyperspectral imaging
technology[J]. Journal of Food Science and Biotechnology,
2012, 31(11): 1 142-1 147.

B 2828 | 20254 4 A | BRRS5HM

[24]HU S Q, WANG L. Age discrimination of Chinese Baijiu
based on midinfrared
Journal of Food Quality, 2021, 2 021: 5527826.

[25] GOKTAS A, AKKUS O. Comparison of partial least squares

spectroscopy and chemometrics[J].

with other prediction methods via generated data[J]. Journal of
Statistical Computation and Simulation, 2020, 90(16): 3 009-
3 024.

[26] WU J H, PENG H B, LI L, et al. FT-IR combined with
chemometrics in the quality evaluation of Nongxiangxing
Baijiu[J].
Biomolecular Spectroscopy, 2023, 284: 121790.

[27] FEB &, A2, 5 DU, 45 . BRI o R 2 ) B A S £ 4
JCIEAL I T 1 )], 23 B AR, 2020, 39(11): 1 427-1 432,
DONG X L, LIU J X, HAN S H, et al. Rapid detection of

Spectrochimica Acta Part A: Molecular and

ketones in base liquor by near infrared spectroscopy[J].
Journal of Instrumental Analysis, 2020, 39(11): 1 427-1 432.

[28] DONG Q, YU C, LI L, et al. Near-infrared spectroscopic study
of molecular interaction in ethanol-water mixtures[J].
Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 2019, 222: 117183.

[29] SHEN F, YING Y B, LI B B, et al. Discrimination of blended
Chinese rice wine ages based on near-infrared spectroscopy|[J].
International Journal of Food Properties, 2012, 15(6): 1 262-
1275.

[30] /K7, Bk, A1) ok, 45 AL LLAMOGIE 45 6 A it e 24 O ik
R0 e B 7 M [J]. A0l TR 24 3R, 2011, 27(8): 350-354.
LI S F, SAN Y, ZHU X R, et al. Detection of geographical
origin of honey wusing near-infrared spectroscopy and

chemometrics[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2011, 27(8): 350-354.

[31] XU/, BEBE, B I3, 45 . 5 45 v ME DR 4 B2 i 1 4h

TCA5URG IR0 ) ST (0] 2 SR B R 23R, 2016, 35(7):
752-756.
LIU X L, XUE L, LU X X, et al. Non-destructive testing of
soluble solids and total acidity in blueberry by near-infrared
diffuse reflectance spectroscope[J]. Journal of Food Science
and Biotechnology, 2016, 35(7): 752-756.

[32] A, #KE, RAr T, & AT UL LA 6% A I T e

E PR B Y D TG 0 2 T B [D]. A Tl R, 2023,
44(10): 311-319.
YU S B, HUANG Z J, WU Q X, et al. Constructing rapid and
undamaged detection models for main physicochemical
indexes of brewing sorghum based on near infrared spectrum
[J]. Science and Technology of Food Industry, 2023, 44(10):
311-319.

[33] Xt 2, Agy 13, i DO ¥, 45 . ;1 SR i R (3 50T 2T 40 T
AR H 1], & &R, 2018, 39(2): 281-286.

LIU J X, YANG G D, HAN S H, et al. Prediction model for
typical alcohols in base

spectroscopy[J]. Food Science, 2018, 39(2): 281-286.

liquor based on near infrared



