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Heat-alkaline treatment of excess sludge and the potential use
of hydrolysate as nitrogen source for microbial lipid
production
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Abstract: To recover and use protein resources in excess sludge and decrease the cost of microbial lipid production,
heat-alkaline was used to treat the sludge, and the hydrolysate was preliminarily used as nitrogen source to cultivate
Rhodosporidium toruloides AS 2.1389 for lipid accumulation. Firstly, we treated the excess sludge under different alkaline
conditions (pH 10, pH 12, pH 13) within the reaction time of 5-10 h to investigate the effect of nitrogen source release.
Secondly, we used the sludge hydolysate to culture R. toruloides AS, and test the effect on cell growth. Results showed that
treatment of excess sludge at pH 13 for 5 h was the most effective for nitrogen release. However, the hydrolysate obtained at
pH 10 (5 h) was the most suitable for culturing R. toruloides AS, and under this condition, the inner-cellular lipid content could
reach 35% of the total biomass weight.
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Table 1 Basic composition of excess sludge sample

Elemental
components

Content (%) 5.5 39.7 8.1 17 29.7

H C N Ash Others

HAE B E WA, @w I heE 55 CRL 4
RGeS R TS, s/ ReREm
G PR T IR RS S U R R Ak, AR S A
R EAE 60 °C, HEEE T HI4A pH E 45K 10,
12 F 13 (8 S5 A 3201 7 08 itk S 0

2.2.1 2P EEI [EIXT G AE 2L PESCR 195

T T i R A5 e AR IR T 2R 3~5 h
R UL ERyab sk, ©A RN, sh ISR
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MR HE B T, 4 B SRR B 1 i ik — 2P i
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TR, IFAK R R 2 5 s A M R T
Yo, fEALPRETRIAYERE [, %8 T S hy 8 h Al
10 h AYALFRES ] L 2 AT R AR R pH HAY ARk
B (% 2).

A LA R LS B S A S R TR R BT
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Table 2 Effect of pH and time on nitrogen source release

Nitrogen concentration pH changes during

T(i}fll)le (mg N/L) heat-alkaline treatment
pH10 pHI12 pHI3 pHI10 pHI2 pHI3

5 241 284 333 6.9 11.0 12.8

8 236 335 352 6.9 10.8 12.8
10 233 293 373 7.2 10.7 12.8
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Table 3 Hydrolysis effect under different alkaline conditions

Treatment MLSS Nitrogen Alkali consumption
condition reduction (%) release (%) (mg NaOH/g raw sludge)

pH 10 47 39 14.4
pH 12 49 63 122.4
pH 13 68 69 482.4

Treatment time: 5 h; temperature: 60 °C.
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Table 4 Effect of alkaline addition on the yields of amino
acids

Yield of amino acids

Amino acids (g amino acids/100 g sludge)

composition

pH 10 pH 12 pH 13

Asp 0.60 0.01 0.00
Glu 0.74 0.13 0.06
Ser 0.33 0.10 0.11
Gly 0.26 0.01 0.00
His 0.15 0.13 0.23
Arg 0.41 0.02 0.02
Thr 0.53 0.05 0.06
Ala 0.79 0.05 0.06
Pro 0.16 0.01 0.02
Tyr 0.38 0.01 0.04
Val 0.54 0.04 0.04
Met 0.32 0.02 0.06
Cys 0.00 0.00 0.00
Ile 0.37 0.02 0.02
Leu 0.96 0.06 0.11
Phe 0.59 0.02 0.13
Lys 0.75 0.04 0.04
Total 7.88 0.73 1.02
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Fig. 1 Cell growth of R. toruloides with sludge hydrolyzate as

nitrogen sources.
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Fig. 2 Cell growth of R. toruloides with diluted sludge
hydrolyzate as nitrogen sources.
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Table 5 Lipid accumulation in media made from excess
sludge hydrolysate

Biomass  Lipid yield Lipid content
(g/L) (g/L) (%)
Control 8.0 3.6 453
Hydrolysate-made 10.4 36 346

medium

Control medium: normal nitrogen limited medium with ammonium
sulfate and yeast extract as nitrogen source (7% glucose, 0.15%
MgSO47H,0, 0.04% KH,PO,; 0.01% (NH,),SO4, 0.075% yeast
extract); Hydrolysate-made medium: based on the hydrolysate,
supplemented with glucose and inorganic components with the
same concentration as that of control medium (7% glucose, 0.15%
MgSO0,-7H,0, 0.04% KH,POy,).
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