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Changes in carbon, nitrogen, and microorganisms in pig manure and chicken manure after conversion by
black soldier fly larvae

MA Ye"?, WU Nan', WANG Xiaobo"?, LIANG Jiaqi', XU Xiaoyan"*"

(1.College of Agronomy and Resource and Environment, Tianjin Agricultural University, Tianjin 300384, China; 2. Tianjin Nongken Bohai
Agricultural Group Co. Ltd, Tianjin 301800, China)

Abstract: To explore the changes in carbon, nitrogen, and microbial community structure in livestock and poultry manure before and after
black soldier fly larvae (BSFL) transformation, 7—day—old BSFL were used to transform pig manure and chicken manure. The related
indices of carbon and nitrogen and Illumina high—throughput sequencing data were determined before and after transformation. Results
showed that the conversion rates of pig manure and chicken manure by the BSFL were 8.36% and 10.42%, respectively. Organic carbon
and the carbon—nitrogen ratio (C/N) increased by 5.86% and 47.64%, respectively, after the conversion of pig manure, whereas organic

carbon and C/N decreased by 11.67% and 4.68%, after the conversion of chicken manure. Dissolved organic carbon, total nitrogen, nitrate
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nitrogen, and ammonium nitrogen contents were significantly reduced in both types of manure. After transformation, 18.93% and 10.49% of

carbon and 31.42% and 32.58% of nitrogen in pig manure and chicken manure, respectively, were absorbed and utilized by the BSFL,
while 74.83% and 57.43% of carbon and 43.71% and 60.25% of nitrogen were retained in the BSFL frass. Compared with fresh pig and
chicken manure, the microbial community structure of the BSFL frass was changed substantially, with a significant increase in bacterial
richness and diversity. Firmicutes, Proteobacteria, and Actinobacteria were the dominant phyla in the pig manure, chicken manure, and the
BSFL frass. After BSFL transformation, the bacterial community structure in the frass evolved to favor those that were better at protein and
fat degradation. The abundance of cellulose—degrading bacteria in the BSFL frass sourced from transformed chicken manure was higher
than that in fresh chicken manure, predominantly comprising Firmicutes. The abundance of cellulose-decomposing bacteria belonging to
Firmicutes in the BSFL frass sourced from pig manure decreased, whereas the abundance of lignin—-degrading bacteria belonging to
Actinobacteria increased. PICRUSt prediction analysis showed that the abundance of functional genes for ABC transport, amino acid
biosynthesis, and carbon metabolism was highest in the two groups of the BSFL frass, and the abundance of metabolic genes in frass from
chicken manure was higher than that from pig manure. These results suggested that the transformation efficiency of chicken manure by the
BSFL was higher than that of pig manure. After transformation, most of the carbon and nitrogen in the pig manure and chicken manure were
transferred to the BSFL frass, some transferred to insect bodies, and some was lost. Carbon loss was greater in chicken manure than in pig
manure, whereas nitrogen loss was greater in pig manure than in chicken manure. Organic carbon and C/N ratios increased after the
transformation of pig manure, whereas they decreased after the transformation of chicken manure. Dissolved organic carbon, total nitrogen,
nitrate nitrogen, and ammonium nitrogen content decreased in both types of manure. BSFL transformation significantly changed the
microbial community structures of pig and chicken manures, increased the abundance of organic—degrading bacteria, and enhanced the
carbon and nitrogen metabolism of microorganisms in the manure.

Keywords:black soldier fly; pig manure; chicken manure; bacterial community; carbon and nitrogen metabolism
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Table 1 Production performance of black soldier fly in the treatment of pig manure and chicken manure (dry weight)

b3 HUART B FEMH LR FEMH R T
Treatment Dry weight of insect body/g Conversion rate of manure/% Reduction rate of manure/% Crude protein of insect body/%

PBV 421.18+9.90b 8.36+0.22b 29.31+0.73b 42.73+0.08b

CBV 522.13+5.38a 10.42+0.12a 34.98+0.52a 47.10+0.44a

T RS R NG b 2 [ 3R 22 5 B35 (P<0.05) . RA].

Notes: Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.
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Table 2 Changes of carbon and nitrogen in pig manure and chicken manure(dry weight) before and after transformation

[T AL VRS DL R WA HAER o
Treatment  Total organic carbon/%  Dissolved organic carbon/(g-kg™")  Total nitrogen/%  NO;=N/(mg-kg™")  NH;-N/(g-kg™)

PM 43.47+0.30b 42.41£1.13a 3.15+0.01a 196.57+6.48a 7.67+0.05a 13.78+0.12b

PBV 46.02+0.38a 34.88+0.51b 2.26+0.05b 26.07+2.75b 0.46+0.01b 20.35+0.44a

CM 37.89+0.28a 28.95+0.61a 1.89+0.01a 43.80+2.10a 1.31+0.07a 20.02+0.11a

CBV 33.47+0.10b 16.61+0.76b 1.75+0.02b 21.22+1.42b 0.63+0.01b 19.09+0.03b
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Figure 1 Distribution ratio of carbon and nitrogen after

transformation of pig manure and chicken manure
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Figure 2 Changes of alpha—diversity and beta—diversity in chicken manure and pig manure before and

after treatment with black soldier fly
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Figure 3 Relative abundance of bacteria community at the phylum level (a) and genus level(b) in chicken manure

and pig manure before and after treatment with black soldier fly
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Figure 4 Level 3 KEGG metabolism diagram of variation in bacterial function profile related to carbon and nitrogen metabolism (Top20)
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