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Fig.2 (a) Raman spectra in different concentration of ethanol with the same concentration of ClO, ;
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Table 1 The t-test of the results from Raman spectroscopy and gas chromatography on ethanol solution
Raman Raman GC
The test of Raman detection and true value The test of Raman detection and the GC value
Standard ethanol
concentration Raman t GC F !
( Mean + SD) t-Test ( Mean + SD) F Value t-Test
1.0 0.950 +0. 059 1.883 0.994 +0.023 3.674 1.439
3.0 3.13+£0.16 1.815 2.92+0.12 8.377 2.065
5.0 5.062 £0.089 1.568 4.95+0.14 7.616 1.498
8.0 7.91 £0.32 0.598 8.06 £0.23 7.075 1.508
10.0 9.95 +£0.21 0.547 9.97 £0.27 5.968 0.532
15.0 15.17 £0.44 0.857 15.01 £0.35 8.057 1.995
20.0 19.73 £0.33 1.826 20.02 £0.35 6.121 1.851
25.0 24.78 £0.25 1.996 24.93 +0.31 0. 665 1.633
3.5
500 L <500 mL
250 mL - 500 L
3 a ( ) °

PCA ™ PIS°™



1270 38

o 3b 3 o 2 500 L
t 0 0.05

<
g
g 8
g 6
§ 4
o
2
L 1 Py 1 L 1 0 . . . . A ) . : .
600 800 1000 1200 1400 1600 1800 0 2 4 6 8 10 12 14 16 18
Raman shift (cm™") GC results (%, VIV)
3 (a) ;(b) 500 L ( @) .500 mL (A)
(m)

Fig.3 (a) Raman spectra of fermented broth during fermentation and ( b) ethanol content obtained from
GC measurements and Raman spectra for 500 L fermentor ( @) 500 mL flask ( A) and the screening

process of difference strains ( )

2 500 L (% V/V) t
Table 2 The t-test of the results from Raman spectroscopy and gas chromatography on the ethanol fermentation in 500 L fermentor
F t
Fermentation time Raman results GC results F Value t-Test
(h) ( Mean = SD) ( Mean + SD) (F<19.2) (t<2.447)
0 0.378 £0.093 0.241 £0.001 7.717 0.505
4 1.215 £0.002 1.16 £0.001 2.759 1.335
6 2.442 +£0.028 2.293 £0.007 4.058 0.962
8 3.997 £0.007 4.21 £0.004 1.589 2.175
12 7.307 £0.009 7.673 £0.003 2.480 2.395
16 9.79 +0.04 9.873 £0.014 2.892 0.445
20 12.37 £0. 10 1.857 £0.019 5.279 1.812
24 13.847 £0.10 3.583 £0.013 0.726 1.882
28 14.455 +0.091 4.493 +0.026 3.461 0.137
32 14.635 £0.020 4.577 £0.014 1.482 0.409
36 14.815 +£0.019 4.48 +0.022 0.837 2.227
40 14.719 +0.030 4.387 £0.004 8. 117 2.141
44 15.008 +0. 005 4.540 +£0.001 3.628 2.333
48 15.056 +0.006 4.580 £0.005 1.209 1.898
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Determination of Ethanol in Fermentation Broth Using
96-well Plate and Raman Spectroscopy

LI ZiDa'®> SHEN NaiKun' LAI Jun-Zhuo’ QIN Yan' LIU JunXian® WANG Gui-Wen"'
"( Guangxi Academy of Sciences Guangxi Nanning 530007)
*( College of Physics Science and Technology Guangxi Normal University ~Guilin 541004)
*( College of Life Science and Technology Guangxi University Nanning 530005)

Abstract A method based on 96-well plate Raman spectroscopy and inverted microscopy has been devel—
oped to determine the ethanol content of fermentation broth quantitatively. A regression equation derived from
the Raman intensity ratios of standard ethanol solutions and the internal standard was used to quantify the
ethanol concentration. The fermentation liquors from 500 L fermentor 500 mL flask and the process of strain
screening for ethanol fermentation were measured. The results obtained with this method were compared to
those from gas chromatography. A Student’s t-test has shown that at the 0. 05 level of significance the
ethanol quantification of fermented liquor using Raman spectroscopy has an accuracy equivalent to that of gas
chromatography. The results show that this method takes only about 10 — 15 s to collect Raman spectra and the
results can be read out simultaneously. This method is fast real-time and high-throughput for monitoring the
ethanol content of fermentation broth for the ethanol industry and strain screening.
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