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Fig. 1. The diagram of double plastic pot culture. Left: double plastic pot culture; Right: take out the inner pot, the prepupa

was in the pot.
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Fig. 2. Experimental design. Cow manure and frass collection conditions. Left: cow manure; Middle: cow manure (142 g)
and larvae (2.84 g) in breeding containers; Right: frass.
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6 79.4% 212 183 182 82 7.6 59%
7
62.3% 212 112 82 59 55 52 51%
4 39.1% 184 103 52 5.2%
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183 5% Proteiniphilum acetatigenes (Petrimonas
sulfuriphila) 6.6 59% 5% Cellvibrio 6.6% (

3)
(Fuhrmann et al., 2022; Praeg and
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V.
13
(Clostridiaceae)  80% (apy 12
) (Streptococcus gallolyticus)
(Streptococcus bovis) 6.1%0 30
(commensal flora)
(Arcobacter) (Yesilmen, et al., 2014) 4%o 50%
(Shigella) 5.8%0 21 (1)
1.
Table 1. Species with a reduced proportion of dairy cow pathogenic bacteria contained in frass
strain CM* (%) F** (%)
Bacteria;Bacteroidetes;Bacteroidia;Bacteroidales:Prevotellaceae;Prevotella_9:Prevotella_9_unclassified 25E-05 4E-05
Bacteria;Firmicutes;Bacilli;L actobacillales;Streptococcaceae; Streptococcus: Streptococcus_gallolyticus_subsp. 0.006183 0.0002
Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae_1;Clostridium_sensu_stricto_1:Clostridium_sensu_stricto_1_unclassified 0.001499 8.01E-05
Bactenia;Firmicutes;Clostridia;Clostridiales;Clostridiaceae_1;Clostridium_sensu_stricto_1 uncultured bacterium 0.004622 0.00044
Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae_1:Clostridium_sensu_stricto_3:uncultured_bacterium 0.012554 8.01E-05
Bactenia;Firmicutes;Clostridia;Clostridiales;Ruminococcaceae;Eubacterium_coprostanoligenes _group;uncultured Clostridium_sp. 0.001499 B8.01E-05
Bacteria;Firmicutes;Clostridia;Clostridiales;Lachnospiraceae;Lachnoclostridium;uncultured_Clostridiales_bacterium 0.000312  0.00016
Bacteria;Fusobacteria;Fusobacteriia;Fusobacteriales;Fusobacteniaceae ;Fusobacterium Fusobacterrum_varium 0.000312 0.0002
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Brucellaceae;Brucellaceae_unclassified:Brucellaceae_unclassified 0.000125 8.01E-05
Bacteria;Proteobacteria;Epsilonproteobacteria;Campylobacterales;Campylobacteraceae; Arcobacter; Arcobacter_unclassified 0.003685 0.001721
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacteriales;Enterobacteriaceae;Escherichia_Shigella;Escherichia_Shigella unclassified 0.005871  0.00028
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacteriales;Enterobacteriaceae Proteus;Proteus_mirabilis 0.009993 0.001481
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas;Pseudomonas unclassified 0.01118 0.001801
* CM: cow manure; ** F: frass.
9 Christensenellaceae R_7 group (Morotomi et al., 2012) 85
0.25%0 Proteiniclasticum (Zhang et al., 2010) 1.8 0.01%o0
2 ( 2)
5 1 0.007% 0.001% 113

(Liu et al., 2008)
(Erickson et al., 2004)
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2.
Table 2. Species with an increased proportion of dairy cow pathogenic bacteria contained in frass
strain CM* (%) F** (%)
Bacteria;Actinobacteria; Actinobacteria;Corynebacteriales;Corynebacteriaceae; Corynebacterium;Corynebacterium_unclassified 6.25E-05 0.0002
Bacteria;Bacteroidetes;Bacteroidia;Bacteroidales;Porphyromonadaceae;Porphyromonadaceae_unclassified.Porphyromonadaceae_unclassified 6.25E-05 0.000761
Bacteria;Firmicutes.Bacilli;Lactobacillales;Streptococcaceae; Streptococcus;uncultured_bacterium 0 4E-05
Bacteria;Firmicutes;Clostridia;Clostridiales;Christensenellaceae;Christensenellaceae R_7_group;Clostridium_sp. 0.00025  0.021204
Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae_1;Proteiniclasticum;Clostridium_sp. 0.008557 0.01521
Bacteria;Protecbacteria; Alphaproteobacteria;Rhizobiales:Brucellaceae:Pseudochrobactrum;uncultured _bacterium 0 801E-05
Bacteria;Proteobacteria;Epsilonprotecbacteria;Campylobacterales;Campylobacteraceae;Campylobacter;Campylobacter_sp. 6.25E-05  0.009887
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas;Pseudomonadaceae_bacterium X2 0.000125 0.0002
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas:Pseudomonas formosensis 0.001062 _ 0.008326
* CM: cow manure; ** F: frass.
16S rDNA
(Providencia) 1.3% 0.1%
(diarrhea) (bacteremia)
(108 -17.2.1-  -L2)
2021 pp. 118
2010 141 pp.
20-24
1998
pp- 23-32
2014 90 8-9
2015 273 93-95

Beesigamukama, D., B. Mochoge, N. K. Korir, K. K. M. Fiaboe, D. Nakimbugwe, F. M. Khamis, S. Subramanian, T. Dubois,
M. W. Musyoka, S. Ekesi, S. Kelemu, and C. M. Tanga. 2020. Exploring black soldier fly frass as novel fertilizer for
improved growth, yield, and nitrogen use efficiency of maize under field conditions. Front. Plant Sci. 11: 574-592.
https://doi.org/10.3389/1pls.2020.574592.
Boccazzi, 1. V., M. Ottoboni, E. Martin, F. Comandatore, L. Vallone, T. Spranghers, M. Eeckhout, V. Mereghetti, L. Pinotti,
and S. Epis. 2017. A survey of the mycobiota associated with larvae of the black soldier fly (Hermetia illucens) reared
for feed production. Plos One 12: e0182533. https://doi: 10.1371/journal.pone.0182533.



112

Cullere, M., G. Tasoniero, V. Giaccone, R. Miotti-Scapin, E. Claeys, S. De Smet, and A. Dalle Zotte. 2016. Black soldier
fly as dietary protein source for broiler quails: apparent digestibility, excreta microbial load, feed choice, performance,
carcass and meat traits. Animal 10: 1923-1930. https://doi: 10.1017/S1751731116001270.

de Smet, J., E. Wynants, P. Cos, and L. V. Campenhout. 2018. Microbial community dynamics during rearing of black soldier
fly larvae (Hermetia illucens) and its impact on exploitation potential. Appl. Environ. Microbiol. 84: €02722-17. https://
doi: 10.1128/AEM.02722-17.

Erickson, M., J. Liao, and M. Doyle. 2004. Reduction of Escherichia coli O157:H7 and Salmonella enterica serovar
enteritidis in chicken manure by larvae of the black soldier fly. J. Food Protect. 67: 685-690.

FAO. 2013. Edible insects. Future prospects for food and feed security. Food and agriculture organization of the united
nations. pp. 201. Rome, FAO. http://www.fao.org/3/i3253¢/i13253e. pdf.

Fuhrmann, A., B. Wilde, R. F. Conz, S. Kantengwq, M. Konlambigue, B. Masengesho, K. Kintche, K. Kassa, W. Musazura,
L. Spéth, M. Gold, A. Mathys, J. Six and M. Hartmann. 2022. Residues from black soldier fly (Hermetia illucens) larvae
rearing influence the plant-associated soil microbiome in the short term. Fornt. Microbiol. 13: 2022.994091. https://doi.
org/10.3389/fmicb.2022.994091.

Klammsteiner, T., A. Walter, T. Bogataj, C. D. Heusster, B. Stres, F. M. Steiner, B. C. Schlick-Steiner, W. Arthofer, and H.

Insam. 2020. The core gut microbiome of black soldier fly (Hermetia illucens) larvae raised on low-bioburden diets.
Fornt. Microbiol. 11: 993. https://www.frontiersin.org/articles/10.3389/fmicb.2020.00993/full.

Liu, T., M. K. Awasthi, H. Y. Chen, Y. Duan, S. K. Awasthi, and Z. Q. Zhang. 2019. Performance of black soldier fly larvae
(Diptera: Stratiomyidae) for manure composting and production of cleaner compost. J. Environ. Manage. 251: 109593.
https://www.sciencedirect.com/science/article/pii/S0301479719313118.

Liu, Q. L., J. K. Tomberlin, J. A. Brady, M. R. Sanford, and Z. N. Yu. 2008. Black soldier fly (Diptera: stratiomyidae) larvae
reduce Escherichia coli in dairy manure. Environ. Entomol. 37: 1525-30.

Moore, S. G., A. C. Ericsson, S. E. Poock, P. Melendez, and M. C. Lucy. 2017. Hot topic: 16S rRNA gene sequencing reveals
the microbiome of the virgin and pregnant bovine uterus. J. Dairy Sci. 100: 4953-4960.

Morotomi, M., F. Nagai, and Y. Watanabe. 2012. Description of Christensenella minuta gen. nov., sp. nov., isolated from
human faeces, which forms a distinct branch in the order Clostridiales, and proposal of Christensenellaceae fam. nov.
Int. J. Syst. Evol. Microbiol 62: 144-149.

Oonincx, D. G. A. B., A. van Huis, and J. J. A. van Loon. 2015. Nutrient utilisation by black soldier flies fed with chicken,
pig, or cow manure. J. Insects as Food Feed 1: 131-139. https://doi: 10.3920/JIFF2014.0023.

Praeg, N, and T. Klammsteiner. 2024. Primary study of frass fertilizers from mass-reared insects: species variation, heat
treatment effects, and implications for soil application at laboratory scale. J. Environ. Manage. 356: 120622. https://doi.
org/10.1016/j.jenvman.2024.120622.

Sheppard, D. C., J. K. Tomberlin, J. A. Joyce, B. C. Kiser, and S. M. Sumner. 2002. Rearing methods for the black soldier fly
(Diptera: Stratiomyidae). J. Med. Entomol. 39: 695-698.

Shumo, M., F. M. Khamis, F. L. Ombura, C. M. Tanga, K. K. M. Fiaboe, S. Subramanian, S. Ekesi, O. K. Schliiter, A. ven
Huis, and C. Borgemeister. 2021. A Molecular survey of bacterial species in the guts of black soldier fly larvae (Hermetia
illucens) reared on two urban organic waste streams in Kenya. Front. Microbiol. 12: 687103. https://doi.org/10.3389/
fmicb.2021.687103.

Tomberlin, J. K., D. C. Sheppard, and J. A. Joyce. 2002. Selected life-history traits of black soldier flies (Diptera:
Stratiomyidae) reared on three artificial diets. Ann. Entomol. Soc. Am. 95: 379-386.

Yesilmen S., A. Vural, M. E. Erkan, and I. H. Yildirim. 2014. Prevalence and antimicrobial susceptibility of Arcobacter
species in cow milk, water buffalo milk and fresh village cheese. Int. J. Food Microbiol. 188: 11-14.

Zhang, K., L. Song, and X. Dong. 2010. Proteiniclasticum ruminis gen. nov., sp. nov., a strictly anaerobic proteolytic
bacterium isolated from yak rumen. Int. J. Syst. Evol. Microbiol. 60: 2221-2225.



113 Taiwan Livestock Res. 58(2) 106-113, 2025
DOI 10.6991/JTLR.202506_58(2).0004

An investigation of the mycobiota of the daily cow manure

and black soldier fly frass "

Shih-Hsiang Liang ®®  Chia-Xin Lee  and Szu-Han Wang '

Received: Aug. 3, 2022; Accepted: Sep. 16, 2024

Abstract

In this study, the cow manure after solid-liquid separation was used as the feeding substrate for the larvae of black
soldier fly. The residues of cow manure transformed by larvaec namely frass were investigated. The difference between
changes in mycobiota composition and daily cow manure was adopted to evaluate the hygienic safety of treating frass
produced from daily cow manure using the larvae of black soldier fly, through the changes of growth and decline in
microorganism of daily cow manure and frass. A total of 35 and 34 million base pairs was collected from dairy cow manure
and frass samples, with 72,027 and 62,530 operational taxonomic unit, respectively. The heterogeneity of sample forming
proportion in the taxonomic stratum increased eventually, resulting in more distinct diversity in the classification of genus
and species. Compared with the Mycobiota in daily cow manure, there are 13 species of bacteria in frass that could decrease
the proportion of bovine pathogens opposite and 9 species of bacteria in frass increase the proportions of bovine pathogens.
However, the infection of such bacteria was not high and whether the species of Clostridium being the pathogens requires
further investigation. The results showed a small amount of bovine pathogenic bacteria in the frass and in spite of the small
proportion, hygienic and safe operation of dairy cow manure should still be taken into consideration to avoid possible hazard

caused by opportunistic pathogenic bacteria on the cows.

Key words: Cow manure, Frass, Black soldier fly, Mycobiota.
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