%16 % 55 14 0] (eI e o bl v R 4 Vol. 16 No.14
20254E 7 H Journal of Food Safety & Quality Jul. , 2025

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20250331005
SIS TR, BAET, BRI, . LA L PRI e A B0 IR R 0], &bk R SRR I 2 4,
2025, 16(14): 105-112.

DING LJ, HOU HN, LI LR, et al. Rapid determination of ester content in Nongxiangxing crude Baijiu by mid-infrared
spectroscopy [J]. Journal of Food Safety & Quality, 2025, 16(14): 105—112. (in Chinese with English abstract).

LTSN R I A R P B

ThHA, BT, ZHE, & F, RIEMHE FE =
(BN AR, BiR  742308)

¥ E: BM LFFJEP?T&I\J‘mE.{Z:@i/i%%’*”ﬁ@*@‘ﬁ%ﬁéﬂ’lI‘J% WM. FIE RSO
IR ARG AR ETE R W L IS A T A, A e/ %(Zﬁﬁ]@i(&%ﬁ”ﬁ@*aﬁalﬂm
MROBE . FURAER . TROMTPLINE RN, R CIRAN . CROBR. FLIR kAT
KREYKRT 0.99, HHHIREMT 0.07 g/L, BLHIBALEA RAFLE EEREEYE . SR TAMMIG UL i B 45
FAAEIAXR LT 3.50%, UEHTBIRHAT RAFRORINACR, BOE S BSERGE . T IR iR b T HAS RAR,
JEIEE A, BORSCREE . R WO INRE RSP CIROER . RO . FLR TR & i HA RAF
ORI AE /1, BEAEHE A0t H A 7 IS AT DR A 20 BB ART SR, O LI A PRSI | 04T | o8 95E
P TR R R TT 1) o

R ARG, TPLAMEIEE, AR @R R

Rapid determination of ester content in Nongxiangxing crude Baijiu by
mid-infrared spectroscopy

DING Li-Jie, HOU Hua-Ning, LI Li-Rong, HUAN Dan,
ZHAO Ya-Xiong, TANG Yun'

(Jinhui Liquor Co., Ltd., Longnan 742308, China)

ABSTRACT: Objective To establish a rapid quantitative detection method for ester content in Nongxiangxing
crude Baijiu by using mid-infrared spectroscopy. Methods The mid-infrared spectroscopy analysis technology
combined with gas chromatography was used to detect Nongxiangxing crude Baijiu. Partial least squares method was
employed to establish mid-infrared quantitative detection models for ethyl hexanoate, ethyl acetate, ethyl lactate, and
ethyl butyrate in Nongxiangxing crude Baijiu. Results The detection models for ethyl hexanoate, ethyl acetate and
ethyl lactate exhibited linear coefficients (r?) exceeding 0.99 and root mean square error were below 0.07 g/L,
indicating that the models had good goodness of fit and stability. The average relative error of the prediction results
after external validation was lower than 3.50%, indicating that the models had good detection performance and the

predicted values were close to the true values. Due to its low content and narrow spectral range, the prediction effect
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of the model for ethyl butyrate was poor. Conclusion This method have a good detection ability for the contents of

ethyl hexanoate, ethyl acetate and ethyl lactate in Nongxiangxing crude Baijiu. It can meet the basic needs of

enterprises for the rapid detection and analysis of crude Baijiu in daily production, providing a new development

direction for the rapid detection analysis, and grading of Baijiu.

KEY WORDS: Nongxiangxing crude Baijiu; mid-infrared spectroscopy; gas chromatography; quantitative detection
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Table 1 Gas chromatograph condition parameters

B ST e il
VAN 50:1
253 /°C 250
HERE DR /°C 250
fiizsa=yins 1.0
N, Jfii #/(mL/min) 30
H, it & /(mL/min) 40
255 I /(mL/min) 350
FE i #2/(mL/min) 1
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Fig.1 Chromatogram of Nongxiangxing crude Baijiu
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KAFFT, BEIEEEIL T C=0 5 C-O-C MgEiRHE L HINM T
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Table 2 Retention times, linear ranges, regression equations and correlation coefficients of 4 kinds of esters

BRI BT 4 B4 Bt 18] /min LRMETE L/ (g/L) EVEY:¥ SR
R B 8.246 0.983~3.473 Y=0.74789X+0.00938 0.9999
TR B 12.148 0.049~0.350 Y=1.02661X-0.00043 0.9999
C R M 16.843 0.494~10.724 Y=1.17315X+0.00674 0.9999
ALk 2 Hg 18.670 0.544~2.596 Y=0.61420X+0.00806 0.9999
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Table 3 Optimal modeling bands for 4 kinds of esters
K wmi 5 T AR I B /om ™! RMSECV
CBR e 2727~2519, 1454~1246 0.0903

I 4000~3792, 2727~2519,
LIRLH 2303~1670, 1454~1246 0.0370
I 4000~3792, 2303~1670,
FLER 21 14541246 0.0619
TR R 1454~1246 0.0216
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46.0%. HAr 3 FhERIE LD AME BRI TN 25 3 4 R 22 /N T
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Fig.3 Correlation between predicted and true values of calibration and validation values
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Table 4 Fitting results of esters detection models

Livalll[izeid] ﬁ;ﬁi ;;E RMSEC 2;%(5;‘)? RMSEP

CBRCER  0.998 0.069 0.997 0.065

ZBRZBE 0.994 0.031 0.993 0.028

BRI 0.993 0.030 0.992 0.028

TRl 0919 0.017 0.890 0.017
*5 EESMRESRERSK

Table 5 Optimal number of principal components of the
quantitative analysis models

AT FFA I H /% F AT EUE
LR 2 R 97.0 12
2R 100.0 11
FLER W 100.0 14
TR B 46.0 10
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Fig.4 Linear relationship between the predicted values and the chromatographic values



110 B ah % 4 B R I A i %16 &
F6 RERFREFELYRESRBIMNIIIELER
Table 6 External validation results of quantitative model for esters in Nongxiangxing crude Baijiu
B BRI LB FLER W TR OB
Py Yt X 22 2] A B2 Yt A 522 Hxy R R
R72/(g/L) 1% 1#22/(g/L) % R72/(g/L) 1% BW2E/(g/L) 1%

NX-1 0.08 3.35 0.08 4.49 0.03 4.23 0.03 9.68
NX-2 0.04 1.65 0.06 2.76 0.00 0.00 0.02 9.52
NX-3 0.06 2.80 0.07 3.65 0.03 2.46 0.01 3.85
NX-4 0.08 4.06 0.07 4.86 0.01 1.00 0.02 16.67
NX-5 0.27 2.85 0.08 3.88 0.03 3.30 0.01 10.00
NX-6 0.06 1.67 0.04 2.86 0.00 0.00 0.02 25.00
NX-7 0.12 8.28 0.04 2.38 0.01 1.43 0.01 12.50
NX-8 0.09 4.74 0.01 0.72 0.00 0.00 0.03 27.27
NX-9 0.13 3.70 0.02 1.40 0.01 0.81 0.01 16.67
NX-10 0.17 3.14 0.07 4.52 0.03 1.70 0.03 33.33
NX-11 0.11 2.32 0.08 4.71 0.01 0.79 0.02 25.00
NX-12 0.02 0.93 0.04 1.35 0.00 0.00 0.02 25.00
NX-13 0.03 1.28 0.04 2.68 0.05 3.65 0.01 9.09
NX-14 0.08 4.06 0.09 4.57 0.02 2.11 0.03 30.00
NX-15 0.04 1.25 0.04 2.67 0.01 1.32 0.02 18.18
NX-16 0.04 0.77 0.04 2.63 0.04 3.67 0.05 35.71
NX-17 0.04 3.74 0.01 0.57 0.01 0.73 0.03 16.67
NX-18 0.08 5.37 0.09 3.96 0.01 0.97 0.02 9.09
NX-19 0.08 5.88 0.06 3.85 0.00 0.00 0.04 21.05
NX-20 0.04 2.33 0.06 3.61 0.02 2.30 0.04 44.44
NX-21 0.08 4.88 0.06 3.80 0.01 1.54 0.03 23.08
NX-22 0.03 2.80 0.07 3.26 0.05 7.58 0.01 6.67
NX-23 0.01 0.32 0.03 1.35 0.03 3.90 0.03 27.27
NX-24 0.01 0.35 0.01 0.44 0.00 0.00 0.02 22.22
NX-25 0.07 2.17 0.04 1.65 0.01 1.12 0.02 18.18
NX-26 0.06 1.49 0.05 2.86 0.04 3.31 0.01 12.50
NX-27 0.12 11.88 0.02 1.35 0.02 1.65 0.05 55.56
NX-28 0.09 2.74 0.07 4.27 0.09 10.34 0.03 9.68
NX-29 0.08 1.22 0.06 3.35 0.04 2.38 0.01 5.56
NX-30 0.08 3.85 0.04 2.52 0.00 0.00 0.01 11.11
NX-31 0.16 5.95 0.07 4.19 0.02 3.03 0.01 4.76
NX-32 0.09 3.54 0.06 3.66 0.04 4.94 0.02 10.00
NX-33 0.05 0.97 0.05 3.38 0.04 5.00 0.03 23.08
NX-34 0.07 0.93 0.06 2.24 0.03 4.35 0.01 6.25
NX-35 0.02 0.77 0.04 1.88 0.01 1.08 0.02 28.57
NX-36 0.06 1.08 0.08 4.76 0.01 1.06 0.02 33.33
NX-37 0.06 2.53 0.02 0.94 0.03 3.70 0.02 18.18
NX-38 0.12 5.02 0.08 4.30 0.06 4.92 0.02 8.00
NX-39 0.15 6.44 0.08 4.44 0.01 0.69 0.01 6.67
NX-40 0.10 4.17 0.05 2.28 0.03 3.30 0.02 20.00

$ﬁ$i2¢&§ 3.18 2.98 2.36 18.73

*ﬁxﬁifﬁ@ 0.32~11.88 0.44~4.86 0.00~10.34 3.85~55.56

BT

ST 10% 5 e 97.50 100.00 97.50 35.00

/%
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