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Potassium Dichromate-DNS Colorimetric Determination
of the Content of Ethanol in the Fermentation Broth
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Abstract: Because the fermentation broth often contains some reducing substances, for example glucose,
when we use the classic potassium dichromate oxidation colorimetric determination of the content of ethanol
in the fermentation broth, the result is often too large. In order to determine the content of ethanol in the
fermentation broth, using DNS oxidation colorimetric to measure the glucose content on the basis of the clas-
sic potassium dichromate oxidation colorimetric can correct the ethanol content of the measured results. The
statistical analysis shows the relative average error of the improved potassium dichromate-DNS colorimetric
measurement of glucose-containing ethanol standard solution is 0.95%, much smaller than 18.07%, the rela-
tive average error of the conventional potassium dichromate oxidation colorimetric. It improves the accuracy
in the case of similar precision, so it’s more suitable for the determination of the ethanol content in the fer-
mentation broth containing glucose and other reducing ingredients.
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Table 1 The absorbance at 600 nm of every component’s reaction with potassium dichromate solution

Ingredients Water 2% ethanol solution (1 mL) 2% glucose solution (1 mL) 0.2% peptone solution (1 mL) 0.1% yeast extract solution(l mL)

0 0514 0.290
0.11) ‘ 0 0.512 0.293
vatues 0 0.515 0.292

0.028 0.069
0.027 0.066
0.029 0.068

&2 &HE55 DNS KF R AETE 540 nm LHIRSEE

Table 2 The absorbance at 540 nm of every component’s reaction with DNS reagent

Ingredients Water 2% ethanol solution(25 pL) 2% glucose solution (25 pL) 0.2% peptone solution (25 nL) 0.1% yeast extract solution (25 pL)

0 0.009 0375 0.003 0.005
oD 0 0.008 0377 0.003 0.004
values 0 0.008 0.374 0.002 0.005
25
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Fig.1 Potassium dichromate standard curve
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Table 3 The result of two ethanol determination methods

True mass True mass Mass fraction Rough Corrected ~ Recovery rate Recovery rate Relative error Relative error
fraction  fraction of 0D 0D of glucose ~ measurement mass fraction  of the old  of this method  of the old  of this method
Constituency  of ethanol glucose 600 540 /(%) mass fraction  of ethanol method (%) method (%)
/(%) /(%) of ethanol/(%) /(%) (%) (%)
1 0.40 020 0.155 0.021 0.214 0.482 0.407 120.51 101.84 20.51 1.84
1 0.40 020 0.153 0.020 0.213 0.478 0.403 119.40 100.81 19.40 0.81
1 0.40 0.20 0.149 0.021 0214 0.469 0.394 117.17 98.51 17.17 1.49
1 0.40 0.20 0.149 0.017 0.211 0.469 0.395 117.17 98.82 17.17 1.18
2 0.80 0.40 0369 0.232  0.399 0.957 0.818 119.66 102.26 19.66 2.26
2 0.80 040 0362 0229 0397 0.942 0.803 117.72 100.43 17.72 0.43
2 0.80 0.40 0366 0.231  0.399 0.951 0.812 118.83 101.47 18.83 1.47
2 0.80 0.40 0371 0.227 0.395 0.962 0.824 120.21 103.01 20.21 3.01
3 1.20 0.60 0571 0464 0.603 1.406 1.196 117.16 99.64 17.16 0.36
3 1.20 0.60 0.574 0460  0.600 1.413 1.204 117.71 100.30 17.71 0.30
3 1.20 0.60 0.570 0465 0.604 1.404 1.193 116.97 99.43 16.97 0.57
3 1.20 0.60 0.577 0.469  0.607 1.419 1.208 118.27 100.63 18.27 0.63
4 1.60 0.80 0.783 0.689  0.801 1.877 1.598 117.29 99.86 17.29 0.14
4 1.60 0.80 0.783 0.686  0.798 1.877 1.599 117.29 99.91 17.29 0.09
4 1.60 0.80 0.780 0.691  0.802 1.870 1.590 116.88 99.40 16.88 0.60
4 1.60 080 0.792 0.685  0.797 1.897 1.619 118.54 101.18 18.54 1.18
5 2.00 1.00  1.008 0910 0.995 2.376 2.030 118.82 101.49 18.82 1.49
5 2.00 1.00 0.999 0.908  0.993 2.356 2.010 117.82 100.52 17.82 0.52
5 2.00 1.00 0993 0912 0.996 2.343 1.996 117.15 99.79 17.15 0.21
5 2.00 1.00 0990 0.905 0.990 2.336 1.991 116.82 99.57 16.82 0.43

VE: molc R A R 4R 5 LR AA A AR, m R AR 100% R T 4 RALE A . ARxTIR AWt Sk R £ =
| =k % -100% | .
Notes: The recovery is the ratio of the measurement results and the true value, which is closer to 100%, the result is more

accurate.The calculation method of relative error: error=|recovery—100% |.
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Table 4 The statistics description of the two recovery determination methods

The minimum number ~ Minimum  Maximum Mean Standard ~ Mean value  Coefficient of
of samples value value value deviation of error variation
Recovery of the old method 20 116.82 120.51 118.07 1.15% 18.07% 0.98%
Recovery of this method 20 98.510  103.01 100.44 1.16% 0.95% 1.16%
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Table 5 The variance analysis of two error values

Consti Summary Variance analysis
tuency Category Sum Mean  Variance Differences source SS df MS F P-value F crit
1 Error of old method 74.25 18.56 2.79 Between groups 5939181 1 5939181 398.118 5 1.03E™ 5.987 4
Error of this method 5.32 1.33 0.19 In groups 8.950 9 6 14918
2 Error of old method 76.42  19.11 1.17 Between groups 599.4453 1 599.4453 500.638 1 5.21E” 5987 4
Error of this method 7.17 1.79 1.22 In groups 7.1842 6 11974
3 Error of old method 70.11  17.53 0.34 Between groups 5822578 1 5822578 315594 2.14E™ 59874
Error of this method 1.86 0.47 0.03 In groups 1.10698 6 0.1845
4 Error of old method 70 17.50 0.52 Between groups 577.83 1 577.83 1491.639 2.01E™ 5.987 4
Error of this method  2.01 0.50 0.26 In groups 23243 6 03874
5  Error of old method  70.61  17.65 0.78 Between groups 577.3202 1 577.3202 1049.498 5.75E® 5987 4
Error of this method ~ 2.65 0.66 0.32 In groups 33006 6 0.5500
Total Error of old method 361.39 18.07 1.33 Between groups 2930.602 1 2930.602 3027.367 7.66E* 4.098 2
Error of this method 19.01  0.95 0.61 In groups 36.7854 38 0.968 0
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