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Table 1 The SMLR and PLS results for the real extract, original gravity and alcohol with 1 mm sample cell

B SPE/om! KER PLS SMLR SEER PLS SMLR
8 R 0. 954 0.974 R 0. 892 0. 952

RMSECV 0.121 0.091 RMSECV 0. 166 0.111

ok 56 R 0.911 0.899 R 0.709 0.948
RMSECV 0.168 0.161 RMSECV 0.291 0.119

. R 0.945 0. 963 R 0.824 0.930

RMSECV 0.135 0.111 RMSECV 0. 208 0.133

8 R 0. 958 0.976 R 0.991 0.991

RMSECV 0. 357 0. 263 RMSECV 0. 149 0.148

ik " R 0. 968 0.970 R 0. 990 0.991
RMSECV 0.319 0.31 RMSECV 0.157 0.151

% R 0.974 0.979 R 0.988 0.995

RMSECV 0.288 0. 263 RMSECV 0.174 0.115

8 R 0.948 0.971 R 0.992 0.977

RMSECV 0.149 0.108 RMSECV 0.052 0.090

R 0. 976 0. 953 R 0.970 0.993

TR 16 RMSECV 0.112 0.179 RMSECV 0.102 0.05
2 R 0. 959 0. 969 R 0.993 0.995

RMSECV 0.133 0.116 RMSECV 0.049 0. 045

¥ : RMSECV; H#A X #1175 25 (Root mean square error of cross validation)
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Fig.1 The NIR spectrum of a beer sample (a) with air as background; (b) with water as background
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Table 2 The Wavenumbers selected by SMLR with 1 mm sample cell and air background

B /cm™!
-1
a5 AR e 1 2 3 4 5 § 7 8
8 4412 5 357 4686 7224 6 503 5 284 4 401 4975
HiE 16 4412 4 366 5 361 4389 7 166 9 982 4335 4236
32 5137 4412 4 459 5292 4520 5 369 4 561 7 344
8 4 416 4378 4528 5307 4948 4 590 4108 5 284
B 16 4412 4374 4528 4219 5 307 4 590 4 883 4017
32 4413 6 958 4459 9 966 7 467 8 902 4 320 8 856
8 4416 43717 4470 4216 4316 4108 5342 5288
EHE 16 4412 4381 4590 4 567 4528 4829 4 860 4937

32 4412 4 459 4 289 6 017 6 927 5137 4335 4236
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Table 3 The SMLR and PLS resuits for the real extract, origi- Table 4 The repetition of prediction results
nal gravity and alcohol with 5 mm sample cell and air - RMSEP(BiMlt5 ¥ %)
bad ) ;%8 434 /cm o R
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Investigation on the Quality Indicators of Beers Using NIR

LIU Hong-xin"?, ZHANG Jun** , HUANG Fu-rong', HUANG Yong®, HE Li-jun', ZENG Yu-ping',

CHEN Xing-dan"?, LU E'

1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China
2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China

3. Department of Electro-Optical Engineering, Jinan University, Guangzhou 510632, China

4. Zhujiang Brewery Group Co. » Guangzhou 510310, China

Abstract Near infrared spectroscopy (NIR) has been used to determine important indicators of the quality of undeaired beers by
a partial least squares (PLS) regression and stepwise multiple linear regression (SMLR). The indicators are original, real ex-
tract and alcohol contents. Absorbance spectra in transmission mode of 83 samples were obtained with 1 mm and 5 mm path-
length quartz cell, The selected resolving powers are 8, 16 and 32 cm™. Air and water were used as background respectively. It
was concluded that the calibration and prediction results are similar with different background, pathlength and resolving power.

The SMLR method seems to be better than PLS method. The results of this paper provide a foundation for the application and
further development of NIR onrline beer analyzer.

Keywords NIR spectroscopy; Beer; Real extract; Original gravity; Alcohol .
* Corresponding author (Received Nov. 28, 2006; accepted Mar. 9, 2007)
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