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Abstract 26 

Many studies have been focusing on the production of microbial lipid to generate biodiesel 27 

from sterile wastewater while removing part of organic matters. Our previous study 28 

showed that lipids could be produced from non-sterile distillery wastewater using the 29 

increased initial cell density of oleaginous yeast Rhodosporidium toruloides, while 30 

generating lots of spent seed culture medium. This study explores the reuse potential of 31 

spent seed culture medium while saving resource and cost. When the medium was used for 32 

the 2
nd

 and 3
rd

 times without addition of extra nutrient, the biomass produced was around 33 

3.17 and 2.65 g/L, respectively. The cells produced in the 2
nd

 time reused medium without 34 

extra nutrient showed similar performance to the fresh medium, in lipid production 35 

(biomass 7.42±0.31 g/L, lipid yield 2.74±0.42 g/L, and lipid content 36.90±4.36%) and 36 

removal efficiencies for organics and nutrients (chemical oxygen demand, total nitrogen, 37 

and total phosphorus removal of 86.47±1.40%, 50.73±6.15%, and 74.36±3.39%, 38 

respectively), in non-sterile distillery and domestic mixed wastewater (1:1, v/v) after two-39 

day cultivation. Around 30% reduction in the material cost for the medium preparation 40 

could be achieved by the spent medium reuse. 41 

 42 

 43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 
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Introduction  51 

 52 

Biodiesel has attracted an increasing attention worldwide as a clean and renewable energy 53 

and is generated through the transesterification of vegetable oils or animal fats with short 54 

chain alcohols in the presence of catalysts (1,2). Although biodiesel of the first generation 55 

using vegetable oils is an industrial reality, it could reach its limits in next decades due to 56 

an increase in world population and consequently a land use competition for the 57 

production of food and fuel (3). To overcome this future problem, much attention has been 58 

paid to the development of microbial lipids which can be produced by certain types of 59 

algae, yeasts, bacteria, and fungi, by accumulation under the respective special cultivation 60 

conditions.  61 

Wastewater generated from food industries contains plenty of organic matters and 62 

nutrients, and therefore can be used as a medium to grow microorganisms. If organic 63 

matters in wastewater could be recovered and converted into biodiesel by microorganisms, 64 

not only the cost for wastewater treatment could be reduced but also the waste could be 65 

turned into resource.  66 

Oleaginous yeasts have been shown to be the most widely used feedstock in the 67 

process of producing microbial lipid from wastewater containing high amount of organic 68 

matter, such as food industry wastewater (4,5), glycerol (byproduct of biodiesel 69 

production) (6,7), and even furfural (8). They are also less affected by the climate and 70 

seasonal prerequisites than plants, and their cultures are more easily expandable than 71 

microalgae showing some negative environmental impacts in terms of water quality and 72 

nutrient and energy requirements (9).  73 

Oleaginous yeasts can produce lipid from a variety of low cost carbon sources. 74 

Some can accumulate oil up to 80% of their dry weights and can produce different lipids 75 
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from different carbon sources in the culture medium. Oleaginous yeasts have also been 76 

reported good candidates in the production of polyunsaturated fatty acids (4,10,11).  77 

Many studies showed that high-density culture contributed to high lipid production 78 

by oleaginous yeast (12-14). When the initial cell density of yeast was higher than a 79 

certain level (2 x 10
7
 cells/mL), Rhodosporidium toruloides was not significantly affected 80 

by indigenous microorganisms and was able to survive and produce relatively high 81 

amounts of lipid from non-sterile distillery wastewater (15). It was also observed that lots 82 

of spent seed culture medium were generated when concentrating the seed culture or pre-83 

culture to a high-density level.  In our previous study, the cell density in seed culture 84 

prepared at the total volume of 30 mL in 150 mL flask with the cultivation time of 24 h 85 

was 1.19±0.18 x 10
8
 cells/mL (15), and it was suggested that if the seed culture was 86 

concentrated to the cell density of 1.20 x 10
9
 cells/mL in pre-culture for the high density 87 

culture experiment, the total culture volume would be reduced to about 10% of original 88 

seed culture and 80-90% of seed culture medium would remain or be wasted. It was also 89 

reported that the spent fermentation broth using glucose as carbon source for the lipid 90 

production by yeast could be recycled with the possibility of reutilization (16,17). This 91 

study intended to explore the reuse potential of the spent seed culture medium by 92 

evaluating whether a comparable amount of cells could still be produced in spent seed 93 

culture in order to save the resource and reduce the process cost for high-density culture. 94 

The lipid productivity of cells generated in the reused seed culture medium was also 95 

assessed in real distillery wastewater and domestic wastewater mixed at 1:1 (v/v) ratio, as 96 

well as their removal efficiencies for organic matters and nutrients from the mixed 97 

wastewater. 98 

 99 

 100 
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 101 

Materials and Methods 102 

 103 

Strain, medium, and wastewater 104 

 105 

Yeast strain Rhodosporidium toruloides AS 2.1389 was purchased from the China General 106 

Microbiological Culture Collection Center, sub-cultured on the distillery wastewater agar 107 

plates, and maintained on the distillery wastewater agar slants at 4°C. The composition of 108 

lipid produced by R. toruloides AS 2.1389 from the medium containing glucose (as sole 109 

carbon source) and distillery wastewater was reported to be mainly palmitic acid, 110 

palmitoleic acid, stearic acid, oleic acid, and linoleic acid, which are suitable for the 111 

biodiesel production (14,18-22). The distillery wastewater agar medium was made of rice 112 

wine distillery wastewater (vinasses) and 20 g/L of agar with pH adjusted to 5.5. The YPD 113 

medium used for seed culture contained (per liter) glucose 20 g, yeast extract 10 g, and 114 

peptone 20 g at pH 6.0 (18). All the media (including distillery wastewater agar medium 115 

and YPD, fresh or reused) were sterilized at 121°C for 20 min before use. The rice wine 116 

distillery wastewater (vinasses) was obtained from the S1 distillery in Foshan, China and 117 

the domestic wastewater was from the local municipal wastewater treatment plant in 118 

Macau SAR (Special Administrative Region), China. The wastewater samples were 119 

centrifuged at 4,500 rpm for 10 min and filtered through the filter paper (47 mm diameter, 120 

0.7 μm pore size glass-fiber) and then stored at 4°C before use.    121 

 122 

Experimental setup 123 

 124 
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The oleaginous yeast R. toruloides strain grown on the distillery wastewater agar slant or 125 

plate was first transferred to 150-mL flask containing 30 mL fresh YPD medium, 126 

cultivated at 30°C and 200 rpm for 36 h, and used as seed culture. The YPD medium used 127 

for 2
nd

 time was reused without the addition of any nutrient supplementation or with the 128 

addition of nutrients (10% nutrient supplementation represents addition of glucose 2 g/L, 129 

peptone 2 g/L, and yeast extract 1 g/L). The YPD medium used for 3
rd

 time (previously 130 

used twice without nutrient supplementation) was reused with the addition of nutrients (50% 131 

nutrient supplement) or without nutrient supplementation. The concentration of glucose 132 

residue and the dry weight of cells produced in fresh and reused seed culture media were 133 

measured and compared. 134 

Cells from different kinds of seed culture were centrifuged at 4,000 rpm for 10 min 135 

to obtain the high cell density of 1.2 x 10
9
 cells/mL and used for the lipid production 136 

process using the mixture of distillery and domestic wastewater (15). The cell density was 137 

measured and calculated using a cell chamber. Thirty milliliters of a mixture of distillery 138 

and domestic wastewater (1:1 ratio; Table 1) was first added to 150-mL flasks. Then, the 139 

seed culture with initial cell density of 2.0 x 10
7
 cells/mL was inoculated into the mixture 140 

culture medium and cultivated at 30°C and 200 rpm for 5 days. Samples were taken in 141 

every 24 h after the 2
nd

 day. After incubation, samples were centrifuged at 4,000 rpm for 142 

10 min (18) for the analyses of chemical oxygen demand (COD), total nitrogen (TN), and 143 

total phosphorus (TP) in supernatants and cell yield and lipid yield in pellets. All the 144 

experiments were conducted in replicates.  145 

 146 

Analytical methods 147 

 148 
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The concentrations of COD, TN, and TP were measured using Hach reagents with Hach 149 

reactor DRB200 and spectrophotometer DR2800, following the HACH methods (HACH 150 

DR/2800, Hach Company, Loveland, Colorado) and the Standard Methods (23). The pH 151 

was measured using a HACH ONE laboratory pH meter. 152 

After the culture was centrifuged at 4,000 rpm for 10 min at ambient temperature, 153 

cell pellets were twice washed with distilled water and then dried at 80ºC until the weight 154 

remained constant, and the cell dry weight was measured as the cell yield. The total lipids 155 

were analyzed according to Bligh and Dyer (24) with modifications described by Li (25) 156 

and Ling et al. (15). The residue of glucose remained was measured following the DNS 157 

method developed by Miller (26) and modified by Zhao et al. (27). 158 

 159 

Results and Discussion 160 

 161 

Biomass from reused media 162 

 163 

As shown in Table 2, the dry weight of cells produced in the 2
nd

 time used YPD medium 164 

without nutrient supplementation was 3.17±1.08 g/L, half of the value obtained using fresh 165 

YPD medium (6.04±0.84 g/L). In this case, the concentration of glucose further dropped 166 

to about 0.51 g/L, showing the carbon source was nearly used up. However, even under 167 

this condition, the cell yield from the 3
rd

 time used medium was still significant at 168 

2.65±0.71 g/L. The effect of glucose addition on biomass production was further evaluated 169 

after 10% and 50% nutrient supplementation were added to the 2
nd

 time and 3
rd

 time used 170 

medium, respectively. The respective dry weight after the nutrient addition was 3.67±0.31 171 

and 3.81±0.43 g/L, suggesting a high possibility for the seed culture medium to be reused 172 

for the 2
nd

 time or even for the 3
rd

 time, with nutrient supplementation. 173 
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 174 

Organics and nutrients removal by cells from reused media 175 

 176 

Significant removals of COD, TN, and TP were achieved after the 2
nd 

day of cultivation 177 

but almost no further changes on the 3
rd

 day (Fig. 1). In general, the yeast cells from both 178 

fresh and reused media showed similar removal efficiencies for organic matter and 179 

nutrients present in mixed wastewater. Cells from the 2
nd

 time used medium showed 180 

slightly higher removal efficiencies for both organics and nutrients, compared to fresh and 181 

3
rd

 time used media, on the 2
nd

 day. The removal efficiency for COD in the mixed 182 

wastewater for cells from the 2
nd

 time reused YPD medium without nutrient 183 

supplementation was 86.47±1.43%, compared to 78.59±4.56% for cells from the fresh 184 

medium and 62.04±1.71% for cells from the 3
rd

 time used medium. The TN and TP 185 

removal efficiencies of cells from the 2
nd

 time used YPD medium without nutrient 186 

supplementation on the 2
nd

day was 50.73±6.15% and 74.36±3.39%, respectively, higher 187 

compared to the ones from the 3
rd

 time used medium (36.45±2.93% and 64.22±4.58%) 188 

and even higher than the fresh medium (47.48±4.61% and 72.84±4.75%). This would 189 

further imply that cells from the 3
rd

 time used medium were less active than those from 190 

fresh medium and 2
nd

 time used medium. Moreover, the nutrient supplement in the 191 

medium did not make significant differences in terms of removing organic matter and 192 

nutrients by cells from the reused media. 193 

 194 

Lipid production in mixed wastewater by cells from reused media 195 

 196 

As shown in Tables 3-5, the highest lipid yield and lipid content of dry biomass were 197 

obtained on the 2
nd

 day of cultivation. The lipid production on the 2
nd

 day by cells from 198 
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the 2
nd

 time used medium without nutrient supplementation (2.74±0.42g/L) was similar to 199 

the one by cells from the fresh medium (2.58±0.21 g/L) and slightly higher than the one 200 

by cells from the 3
rd

 time used medium without nutrient supplementation (2.16±0.16 g/L). 201 

On the other hand, the biomass production by cells from the 2
nd

 time used medium without 202 

nutrient supplementation (7.42±0.31 g/L) was higher compared to fresh (6.01±0.03 g/L) 203 

and 3
rd

 time used (5.71±0.19 g/L) media without nutrient supplementation. This behavior 204 

was also observed by Castrillo et al. (28), where the growth rates and lipid productivities 205 

of Scenedesmus obliquus and Chlorella vulgaris in reused media were higher than in fresh 206 

media, suggesting that the medium reuse is a suitable method of saving resources in 207 

microalgal cultivation for the biodiesel production purposes. In current study, the 208 

associated lipid content of dry biomass (36.90±4.36%) was slightly lower compared to the 209 

fresh medium (42.92±3.67%) and similar to the 3
rd

 time used medium without nutrient 210 

supplementation (37.88±2.63%). This might have been due to the shorter lag and log 211 

phases for cells from the 2
nd

 time used medium compared to the fresh medium, which 212 

further justifies the highest biomass production as well as the higher removal of organics 213 

and nutrients, compared to the results obtained from the fresh medium during the early 214 

stage of culture. In addition, cells from the 3
rd

 time used medium without nutrient 215 

supplementation may be less active than those from fresh medium and 2
nd

 time used 216 

medium without nutrient supplementation due to the lowest biomass production in the first 217 

3 days of cultivation. 218 

Similar to the removals of organics and nutrients, 10% and 50% nutrient 219 

supplementations in 2
nd

 time and 3
rd

 time used media did not make significant differences 220 

for cells in lipid production from wastewater. The lipid production by cells from the 2
nd

 221 

time used medium with 10% nutrient supplementation was slightly lower compared to the 222 

same medium without nutrient supplementation, further suggesting that the supply of extra 223 
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nutrient was not necessary for the reused medium, in terms of lipid production and 224 

organics and nutrients removals. The 3
rd

 time reused medium showed relatively low 225 

removal efficiencies for COD, TN, and TP in the early stage of culture, thus this spent 226 

medium was not suggested to be reused for the 3
rd

time even with 50% nutrient 227 

supplementation. The accumulation of unidentified harmful metabolic wastes probably 228 

generated from the 2
nd

 time reused medium could be one of the reasons for these low 229 

removal efficiencies.  230 

Yang et al. (29) quantified the water footprint and nutrients usages during 231 

microalgal biodiesel production, and recycling the harvested water reduced the water and 232 

nutrients usage by 84% and 55%, respectively. Sukkrom et al. (30) also evaluated the 233 

cultivation of Ankistrodesmus sp. in fresh and reused media. They showed the lipid 234 

content increased from 32.4 to 57.7% when the medium was reused right after the first 235 

cultivation. The maximal biomass and lipid productivity were 79.7 and 33.3 mg/L/d, 236 

respectively. The reutilization of the supernatant obtained from the harvested 237 

Nannochloropsis gaditana cultures, after ozonation at 95 mg O3/L, reduced the nutrients 238 

costs for the production of high quality microalgal biomass suitable for aquaculture 239 

because of its high content in proteins (~50%) and lipids (40%) (31). Chi et al. (32) 240 

reported that spent medium and yeast biomass from the first step of lipid accumulation and 241 

extraction were reused in the next steps of yeast and algal cultivation to maximize the 242 

substrate utilization and improve the process economy. In general, the reutilization of 243 

spent media is a promising alternative to offset the cost of microbial lipid biodiesel, and 244 

further studies are required to evaluate the reduction of nutrients costs under the full-scale 245 

conditions. 246 

 247 

Cost reduction by reutilization of spent medium  248 
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 249 

As shown in Table 6, the reused spent seed culture medium is possible to remarkably 250 

reduce the cost for the preparation of seed culture especially in industrial scale. For 251 

instance, the cost to produce the same amount of cells from 50 L fresh medium could be 252 

reduced from 448.65 to 317.46 USD by the reutilization of spent medium.  253 

Ryu et al. (11) also studied the waste spent yeast cells as a sole substrate to grow 254 

an oleaginous yeast Cryptococcus curvatus for the purpose of biodiesel production and the 255 

economic evaluation revealed that the use of the spent yeast could significantly reduce the 256 

unit cost of yeast-based biodiesel production. Thiru et al. (33) also reported that the cost of 257 

yeast cultivation medium could be reduced nearly 60% if malt extract could be replaced 258 

by another source in the yeast growth medium. Yang et al. (34) cultivated Lipomyces 259 

starkeyi on the hydrolysates of spent cell mass and the lipids accumulation of up to 30.8% 260 

was observed. The glucose/mannose co-utilization strategy is considered as an opportunity 261 

for the efficient recycling of spent cell mass for the biodiesel production. Fei et al. (35) 262 

reported that the total cost of yeast oil biodiesel could be lower than 0.3 USD/L by using 263 

the spent yeast, with organics and nutrients provided without any substantial pretreatments. 264 

The cost was lower than the one reported by Mondala et al. (2) who suggested the cost of 265 

biodiesel at around 1 USD/L, from sludge containing 10% lipids. The cost analysis for the 266 

microbial biodiesel production is complex, covering many steps such as microbial 267 

cultivation, harvesting, extraction, and transesterification (36). The identification of 268 

microbial biodiesel limitations should be taken with special efforts to make the process 269 

environmentally sustainable. To the best of our knowledge, current study is the first time 270 

that the cost reduction for lipid production by Rhodosporidium toruloides from real 271 

wastewater was carried out by the reutilization of spent seed culture medium (YPD). The 272 

biomass culture is the first stage of biodiesel production and the improvements on saving 273 
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costs of culture medium to increase the lipid productivity are crucial to a sustainable 274 

biodiesel production technology.   275 

Overall, the spent YPD medium generated while preparing the seed culture with a 276 

high cell density for the process of lipid production from real wastewater by R. toruloides 277 

was successfully reused for the 2
nd

 time without further addition of nutrient. The reused 278 

medium showed significant biomass production with similar lipid productivity and higher 279 

removal efficiencies for organics and nutrients in real non-sterile distillery and domestic 280 

mixed wastewater in a relatively shorter time, compared to the fresh medium. However, 281 

cells produced from the 3
rd

 time used medium did not show a good performance, 282 

regardless of the nutrient supplementation. The reutilization of spent medium showed a 283 

high potential in the reduction of material cost for the microbial lipid production process. 284 
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 395 

Figure legends 396 

 397 

Fig. 1 Changes of (A) COD, (B) TN, and (C) TP concentrations in non-sterile 398 

mixed (distillery and domestic) wastewater containing yeast cells from 399 

fresh and reused media (values are the averages of replicates). (open 400 

triangles) Fresh YPD; (closed triangles) 2
nd

 time used YPD; (open squares) 401 

2
nd

 time used YPD with 10% nutrient supplementation; (open circles) 3
rd

 402 

time used YPD; (closed rhombus) 3
rd

 time used YPD with 50% nutrient 403 

supplementation. 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 
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 420 

Table 1. Composition of wastewater samples 421 

  

SCOD
a
 

(mg/L) 

TN
a
  

(mg/L) 

TP
a
   

(mg/L) 

NH3-N 

(mg/L) 

pH SCOD:TN:TP 

Distillery wastewater 59900  2680  380  204  3.71  158:7:1 

Domestic wastewater  

 

49  11  2  8  7.63  27:6:1 

Mixed wastewater  

(1:1, distillery:domestic) 

29100  1255  179  107  3.71  163:7:1 

a 
soluble chemical oxygen demand (SCOD), total nitrogen (TN), and total phosphorus (TP) 422 

 
423 

 
424 

 
425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

 437 

 438 

 439 

 440 

 441 

 442 

 443 

 444 

 445 

 446 

 447 

 448 

 449 

 450 
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 451 
Table 2. Yeast cell yields from fresh and reused media 452 

Medium type Fresh  

Reused  

(2
nd

 time) 

Reused  

(3
rd

 time) 

Nutrient 

addition (%) 

100 0 10 0 50 

Cell yield (g/L) 6.04±0.84 3.17±1.08 3.67±0.31 2.65±0.71 3.81±0.43 

 453 

 454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

 480 

 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 
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 489 
Table 3. Biomass production (g/L) in mixed wastewater by yeast cells from fresh and 490 

reused media 491 

Time (day) 2 3 4 5 

Fresh YPD 6.01±0.03 6.57±0.38 6.49±0.15 5.96±0.09 

2
nd 

time used 

YPD 

7.42±0.31 6.45±0.37 6.07±0.42 6.26±0.33 

2
nd 

time used 

YPD with 10% 

nutrient 

supplementation 

7.39±0.17 7.16±0.15 6.57±0.04 5.44±0.08 

3
rd 

time used 

YPD 

5.71±0.19 6.90±0.27 6.63±0.18 6.16±0.12 

3
rd 

time used 

YPD with 50% 

nutrient 

supplementation 

5.47±0.12 6.47±0.70 6.27±0.30 6.20±0.61 

 
492 

 493 

 494 
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 495 
Table 4. Lipid yield (g/L) in mixed wastewater by yeast cells from fresh and reused 496 

media 497 

Time (day) 2 3 4 5 

Fresh YPD 2.58±0.21 2.49±0.33 1.89±0.24 2.09±0.09 

2
nd 

time used 

YPD 

2.74±0.42 2.40±0.16 1.87±0.24 1.96±0.12 

2
nd 

time used 

YPD with 10% 

nutrient 

supplementation 

2.18±0.29 2.21±0.16 2.02±0.05 1.81±0.14 

3
rd 

time used 

YPD 

2.16±0.16 1.83±0.29 2.13±0.16 1.97±0.14 

3
rd 

time used 

YPD with 50% 

nutrient 

supplementation 

2.29±0.05 2.28±0.11 1.98±0.14 1.93±0.20 

 
498 

 499 

 500 

 501 

 502 

 503 

 504 

 505 

 506 

 507 

 508 

 509 

 510 

 511 

 512 
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 513 
Table 5. Lipid content (%) of dry biomass in mixed wastewater by yeast cells from 514 

fresh and reused media. 515 

 516 

Time (day) 2 3 4 5 

Fresh YPD 42.92±3.67 38.20±6.92 29.26±4.40 35.00±1.03 

2
nd 

time used 

YPD 

36.90±4.36 37.35±4.44 30.95±6.01 31.38±3.60 

2
nd 

time used 

YPD with 10% 

nutrient 

supplementation 

29.61±4.51 30.85±2.83 30.79±0.61 33.28±2.05 

3
rd 

time used 

YPD 

37.88±2.63 26.43±3.52 32.21±3.37 32.07±2.87 

3
rd 

time used 

YPD with 50% 

nutrient 

supplementation 

41.82±1.80 35.56±5.00 31.62±3.77 31.09±0.09 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

 526 

 527 

 528 

 529 

 530 
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 531 

Table 6 Costs for cultivating the amount of cells produced from 50 L fresh medium 532 

  

V
a
 

(mL) 

C
b
 

(g/L) 

D
c
 

(g/L) 

 X
d
 

(L) 

Total cost of 

materials for 

medium 

(USD) 

Price for 

glucose   

(USD/kg) 

Price for 

peptone 

(USD/kg) 

Price for 

yeast 

extract 

(USD/kg) 

Using fresh 

medium 

only 

800 0 6.04 50.00 448.65  16.65 337 190 

Using fresh 

and 2
nd 

time 

used 

medium  

-- 2.54  8.54  35.38  317.46  16.65 337 190 

a
 Amount of spent medium generated by 1 L fresh medium (mL) 533 

b 
Amount of cells produced by spent medium from 1 L fresh medium (g/L) 534 

c
 Amount of cells produced by 1 L medium (g/L) 535 

d 
Amount of medium required to produce the amount of cells produced from  50 L fresh 536 

medium (L) 537 

The cost for YPD medium preparation was estimated based on the market price 538 

information.  539 

 540 

 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 
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 550 

Fig. 1. 551 


