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Abstract: Lignin degradation products are toxic to microorganisms, which is one of the bottlenecks for fuel ethanol
production. We studied the effects of phenolic ketones (4-hydroxyacetophenone, 4-hydroxy-3-methoxy-acetophenone and
4-hydroxy-3,5-dimethoxy-acetophenone) derived from lignin degradation on ethanol fermentation of xylose and cellular
lipid composition of Pichia stipitis NLP31. Ethanol and the cellular fatty acid of yeast were analyzed by high performance
liquid chromatography (HPLC) and gas chromatography/mass spectrometry (GC/MS). Results indicate that phenolic
ketones negatively affected ethanol fermentation of yeast and the lower molecular weight phenolic ketone compound was
more toxic. When the concentration of 4-hydroxyacetophenone was 1.5 g/L, at fermentation of 24 h, the xylose utilization
ratio, ethanol yield and ethanol concentration decreased by 42.47%, 5.30% and 9.76 g/L, respectively, compared to the
control. When phenolic ketones were in the medium, the ratio of unsaturated fatty acids to saturated fatty acids (UFA/SFA)
of yeast cells was improved. When 1.5 g/L of three aforementioned phenolic ketones was added to the fermentation
medium, the UFA/SFA ratio of yeast cells increased to 3.03, 3.06 and 3.61, respectively, compared to 2.58 of the control,
which increased cell membrane fluidity and instability. Therefore, phenolic ketones can reduce the yeast growth, increase
the UFA/SFA ratio of yeast and lower ethanol productivity. Effectively reduce or remove the content of lignin degradation
products is the key to improve lignocellulose biorefinery.

Keywords: phenolic ketones, Pichia stipitis, ethanol fermentation, lipid composition
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Table 1 Sugar utilization ratios, ethanol concentrations, ethanol yields obtained from the fermentation of
xylose by P. stipitis NLP31 in the presence of three phenolic ketones

) Sugar utilization Ethanol concentration Ethanol yield

Compound Concentration ratio (%) (g/L) (%)
(/L) 24 h 36 h 24h 36h 24h 36h
Control / 99.16 99.24 17.00 15.36 87.08  79.41
4-Hydroxyacetophenone 0.25 98.78 98.78 17.59 16.60 9232 87.12
0.50 87.85 98.69 15.42 17.93 90.89  94.08
O%QOH 0.75 75.01 97.09 12.62 15.41 85.81  80.96
1.00 70.44 89.89 12.05 13.06 89.10  75.67
1.50 56.61 81.78 9.34 11.83 85.74  75.18
4-Hydroxy-3-methoxy- 0.25 98.07 98.97 16.88 17.15 87.20  87.79
acetophenone 0.50 91.60 98.45 16.03 16.16  90.77  85.14
o 0.75 89.09 98.42 14.63 15.54 80.80  77.70
%@OH 1.00 79.32 95.64 13.41 14.68 87.15  79.13
& 1.50 65.58 73.05 11.03 11.43 85.09  79.16
4-Hydroxy-3,5-dimethoxy- 0.25 98.08 99.07 18.50 18.05 88.37  85.36
acetophenone 0.50 92.84 98.23 16.87 1697  92.10  87.57
o) 0.75 97.22 98.24 16.18 15.29 89.89  84.06
O%QOH 1.00 94.64 98.96 15.70 15.84 89.51  86.37
Pe 1.50 82.10 98.36 15.14 16.86 93.42  86.00
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Fig. 2 Changes in the parameters during the fermentation of phenolic ketones artificially added to the xylose
medium by P. stipitis NLP31. (A) 4-hydroxyacetophenone. (B) 4-hydroxy-3-methoxy-acetophenone. (C)
4-hydroxy-3,5-dimethoxy-acetophenone.
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45 g/L (C16:1) (C18:0) (C18:1)
1.50 g/ 4- 4- (C18:2) 4
-3- 4 35- 2 1
72 h (16:1) (18:1)
GC/MS (16:0)
(18:0) 2
2 2.58
GC/MS 3.03
4- 4-  3- 3.06 3.6l
4. 35-
(C8:0) 2.58 3.61
(C14:0) (C16:0)

2 PTEFRBSMMEAEHBOEREKBNEE
Table 2 The composition and relative content of fatty acid from P. stipitis NLP31 cell

. : Relative content of fatty acid from P. stipitis NLP31 membrane lipid (%)
Fatty acid  Retention

(Cnp:ny)  time (min)  Control  4-Hydroxyacetophenone

4-Hydroxy-3-methoxy-  4-Hydroxy-3,5-dimethoxy-

acetophenone acetophenone

C38:0 20.78 1.51 1.92 5.01 0.48
Cl14:0 17.20 - - 0.28 -

C16:0 19.85 23.72 18.95 16.55 18.48
Clé:1 19.59 10.18 7.52 12.68 15.38
C18:0 22.25 - - 2.08 1.36
C18:1 22.00 55.00 55.74 51.66 48.85
C18:2 21.91 - - 8.85 9.09
SFA 25.23 20.87 23.92 20.32
UFA 65.18 63.26 73.19 73.32
UFA/SFA 2.58 3.03 3.06 3.61

Note: n; shows the numbers of carbon atom, n, shows the numbers of olefinic bond, SFA shows the saturated fatty acids,
UFA shows the unsaturated fatty acids.
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