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Abstract: [Objective] To obtain a stable microbial consortium with a high yield of caproate and
achieve high-value carbon recovery from Baijiu-making wastewater (Huangshui). [Methods] We
used the plate screening approach to obtain a simplified caproate-producing microbial consortium,
evaluated the preferred carbon source of the consortium, and optimized the substrate concentration,
pH, and feeding strategy. The metagenomics based on nanopore sequencing was employed to
determine the composition and stability characteristics of the simplified caproate-producing
microbial consortium. [Results] SimpCom1, a simplified caproate-producing microbial consortium,
demonstrated significantly higher conversion rate of lactate than glucose to caproate. When
SimpCom1 was used to ferment unsterilized Huangshui, we controlled the working concentration
of Huangshui between 30% and 50% and initial pH 5.50 to achieve stable growth and
metabolism of the consortium for caproate production. The fermentation was carried out in a
fed-batch manner with 50% Huangshui, initial pH 5.50, and pH 6.50—7.00 after 48 h. Within four
fed-batch fermentation cycles, the average caproate titer, productivity, proportion of caproate in
total acids, and conversion rate of lactate to caproate reached 16.83 g/L, 3.05 g/(L-d), 67.27%, and
0.42 g/g, respectively. The metagenomic analysis showed that Caproicibacterium
lactatifermentans, Ligilactobacillus acidipiscis, Clostridium tyrobutyricum, and Butyriproducens
baijiuensis BJN0003 were the core species of SimpComl. C. lactatifermentans and B. baijiuensis
BJINO0003 remained stable growth and metabolism in the unsterilized Huangshui, with the relative
abundance of 45.3% and 6.7%, respectively, at the end of fermentation with 50%-diluted
Huangshui. [Conclusion] We successfully established an efficient and low-cost approach for
producing caproate by fermentation of unsterilized Baijiu-making wastewater with a simplified
microbial consortium containing C. lactatifermentans and B. baijiuensis BJN0003.

Keywords: caproate-producing bacteria; fermentation with unsterilized feedstock; microbial
consortium simplification; carbon recycling of Baijiu-making wastewater
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Figure 1 The metabolism of different simplified consortia obtained by the method of “enrichment-spread

plate” under lactate conditions.
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Figure 2 The metabolism of consortium SimpCom]1 under lactate (A) and glucose (B) conditions.
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Figure 3 Effect of Huangshui ratio on the production of caproate by the consortium SimpComl1. A: Lactate.
B: pH. C: Acetate. D: Propionate. E: Butyrate. F: Caproate.
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Figure 5 Fed-batch semi-continuous fermentation by inoculating consortium SimpComl with diluted
Huangshui as feedstock. The red arrows represent the feeding points.

F1 OMHURABHEIR A B R CERA B S HRITE

Table I Fermentation parameters for caproate within four fed-batch semi-continuous fermentation cycles

Cycle Time (h) Accumulated  Net titer Productivity® Yield Selectivity' (%)
titer (g/L) (g/L) (g/(L-d)) (g/g)

I 0-66 11.79 10.77 3.92 0.43 75.43

I 67-138 16.02 7.92 2.68 0.40 53.71

I 139-204 18.12 7.49 2.76 0.38 61.85

v 205-302 21.39 11.52 2.85 0.46 78.06

Mean+SD (I-1V) 0-302 16.83+£3.48 9.43+1.75 3.05+0.50 0.42+0.03 67.27+£9.95

Y The productivity was calculated by using the net titer divided by the fermentation time of each cycle. The maximum
theoretical yield of lactate to caproate is 0.43 based on the formula of 3 lactate—1 caproate. ' The selectivity was calculated by
using the amount (M/V) of caproate divided by the total amount (M/V) of acetate, propionate, butyrate and caproate.

24 MPARAKEKEZEFREAZSAACE  mCGM ILRREFFRIEH) PR LE O, UL K 53
B &f SimpComl1 BIMIFHAAR R EIEF T E MR B BUK b A A MR R a1
KAEBEHMEESEW I3 BN mCGM 1 3756 & R 7% (B SimpCom1 B
mEk 2 s, RAFETAEIORLK LK BRI K A EEREY% (R SimpCom1 B HE4EAD £
WP B 7% FE R 4 2 20 M SimpCom 1 ARG IR T AKFPIE A RETS ) 3K45 31.54 Gb 1 21.04 Gb )
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®2 PRIKCEKEEFBZF 54 SimpCom1 EHF RV FLE R B Efh T 87k L B2 fR O FPLE A IF IR
Table 2 The species compositions of consortium SimpCom1 and the fermented-Huangshui broth inoculating
with SimpComl by using Nanopore long-read-only metagenomics

Microbial MAG Completeness Contamination Genome N50 Contig  Species annotation
consortium No. (%) (%) size (Mb) number (bp) number
SimpComl1 in binl  99.04 1.83 2.45 2450 064 1 Ligilactobacillus acidipiscis
mCGM bin2  97.99 0.00 2.36 2360 188 1 ‘Butyriproducens baijiuensis BIN0003’
medium bin3  99.78 4.37 3.42 478913 37 Clostridium tyrobutyricum
(10 g/L lactate) bind  97.65 0.34 1.97 1970 109 Caproicibacteirium lactatifermentans
bin5  90.60 0.67 2.14 327753 Metalachnospira sp.
Culture bin6  78.36 4.59 1.54 1129997 Caproicibacteirium lactatifermentans
in 50% bin7  98.02 2.36 3.90 618581 11 Clostridium sp.
Huangshui bin8 97.17 0.00 3.10 338638 12 Thomasclavelia ramosa
inoculated bin9 94.41 2.80 34 559207 Tepidimicrobiaceae sp.
with bin10 98.39 0.67 2.74 1265 736 3 Agathobaculum sp.
SimpCom1 binll 82.73 4.49 1.99 498 745 Rubeoparvulum sp.
binl2 98.82 0.00 2.97 453691 10 Clostridium sp.
binl3 82.76 0.00 2.19 467 186 6 Clostridium cochlearium
binl4 95.30 0.00 2.70 340219 11 ‘Butyriproducens baijiuensis BIN0003’
binl5 70.75 0.00 3.53 233177 33 Anaerocolumna sp.
binl6 98.66 0.34 2.52 2201 813 2 Caproicibacteirium amylolyticum
binl7 86.39 1.90 3.96 290143 35 Butyricicoccus pullicaecorum
binl8 98.81 0.92 3.02 2988172 Clostridium tyrobutyricum
binl9 96.97 0.65 1.51 758 254 8 Lactobacillus acetotolerans
bin20 83.63 1.85 2.50 407 264 Muricomes sp.
bin21 54.75 0.67 1.49 225976 6 Caproicibacter sp.
bin22 93.62 1.34 2.27 239957 15 Caproicibacter sp.
bin23 65.52 0.00 2.97 267615 19 Haloimpatiens sp.
bin24 52.23 0.00 1.59 34738 63 Levilactobacillus sp.
bin25 54.31 0.00 2.06 86894 34 Garciella sp.
bin26 54.83 1.72 1.91 48412 67 Sedimentibacter sp.
bin27 92.45 3.24 2.6 199173 19 Pseudoflavonifractor sp.
bin28 91.61 0.00 3.23 599 354 7 Blautia liquoris
bin29 78.89 0.70 2.45 309006 10 Sporanaerobacter acetigenes
bin30 81.43 1.34 2.52 198979 16 Mobilitalea sp.
bin31 94.06 4.55 2.46 171378 17 Methanolobus chelungpuianus
bin32 73.49 8.17 1.42 104497 19 Intestinibacillus sp.
bin33 52.75 4.03 2.85 49831 96 Intestinibacillus sp.
bin34 65.50 0.00 248 142325 21 Clostridia sp.
bin35 86.35 0.89 3.34 580 906 9 Anaerocolumna sp.

JE IR P A s, metaFlye 412%% J5 3R 45 A9 41
H P 41 (Contig) S A B 4391 o 11.52 Mb Al
144.86 Mb, M mCGM 5557 3L & R 74 A # K
REERETE Th A A2 4 R 31 A rh AT AN
Jo i 21 255 FE R 4H (metagenome-assembled  genomes,
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MAGs), H Contig J¥5 8K BN 10.2 Mb Fi
79.36 Mb, 435 i 20 Contig B 1Y 88.54%
1 54.78%. #4531 3 588 B MAGs Y2k A
mCGM 533 3L v . IR R, KitkKA
FE R P E A5 SimpCom1 B BEY) 1Y 52 3%
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Figure 6 The microbial structures of consortium SimpComl in mCGM medium and the fermented-

Huangshui broth inoculating with SimpCom1.
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Figure 7 The genomic synteny analysis of Caproicibacteri

um lactatifermentans bin4 from SimpCom1 with

Caproicibacterium lactatifermentans LBM19010 and Caproicibacterium lactatifermentans INU-WLY 1368.
A: The results of a genome-wide covariance analysis of bin4, which has been assembled from SimpComl
with two previously reported triple genome-wide covariance analyses of the LBM19010 and INU-WLY 1368;
B: Further genome-wide analysis of bin4 and LBM19010 in both groups. The red arrows indicate the

unmatched regions.
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