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Abstract

Among insect species, black soldier fly larvae (BSFL) is a promising ingredient for animal
feed as a dietary source. Moreover, BSFL contains a high content of lauric acid (C12:0), which
has antimicrobial effects. Therefore, this study evaluated the effect of BSFL oil (BSFLO) as
a partial or total replacement of soybean oil (SBO) on the cecal microbiota in broilers. A
total of 210 male broiler chickens (Ross 308) at one-day of age were randomly allotted to 3
dietary treatments (10 replicates and 7 birds/group): a basal control diet (CON), the basal
diet in which SBO was replaced by 50% (50 BSFLO) or 100% (100 BSFLO) BSFLO. At the end
of the study (d 35), 18 birds (6 broilers/treatment) were randomly selected and slaughtered.
Samples of cecal digesta were collected to verify their cecal microbiota. Overall, 235,978 gene
sequences were generated, and a total of 4,398 operational taxonomic units were identified
in the three groups. At the phylum level, Firmicutes was the dominant phyla in all three
groups. At the genus level, Faecalibacterium was the dominant genera in all the treatments.
There were no significant differences in the relative abundances of all the genera between
the BSFLO groups and CON. However, the genus Erysipelatoclostridium was more abundant
in the 50 BSFLO group than in the CON (p < 0.05). In conclusion, the substitution of SBO with
BSFLO in broiler diets had no negative effect on the cecal microbiota of broilers.
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AIA ol w2, 7 AJA| Q1= T2k 902]o] o] 24 H A F7Feh= /I & QIsH 4
RAS 22 ot B4 Loz Ho|Chwise, 2013). 1747} 37Felol wje} 245 &
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(black soldier fly larvae, BSFL)0| Z}3g Hk1 Q] o of 2 ALz|S0f o]5f A7} X3 x] 041:]—
(Schiavone et al., 2017; Schiavone et al., 2018; Cullere et al., 2019).
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Materials and Methods

SMEE, 8 2A4 L M2l

193 9] SA(Ross 308)F T 21055 FAISt] & 557 351l o, FA| A5 Lfsto] Ao x| 744
10/HE-0 2w 2]st it} 2t Alo]A|oll= Abs §oi 719t 54715 ARSI AFs 7| A A-l 02 25 245}
At TA AR R S440 tiFi uigi bR S Folstl o, HighAbze] & S/ B = Table 101 A
SHIth v bR = 285, /49707 B 49712 tro] Biedsiial AfAli 4= = Fost it 2|7t
Aol SOl 5ol F-E - 50% (50 BSFLO)2H 100% (100 BSFLO)E Z+2} thl|sto] Foish3ict.

e

AHEE 3 ZA

SolsolR-2 AA 24 74

Sol5oll-7 Woll 2A5k= A2 S FE517]95H chloroform}t methanol 1 : 22 &35t ARS8} AL, H,S0, 5
Abg5}o] o e 7 o]Hk2-& &3] fatty acid methyl esters (FAME) S #4153 th FAMES 7890A 7tA A 20 E T2j 1]
(Agilent Technologies, Wilmington, USA)E- A-8-5t0] 24 &, 2% =& FAMEC] thet ZFzte] z|ih4ite] vlg-S

2 eIt Table 2).

"7 U85 AFH 2 DNAME FH|
35ddoll A2+t o eute] ] Qleojdds P@] A= ‘%‘ F2 AE0to] W82 AASHAL, AH < vi= HA|
Ao Yo S - g0°Coll 24 H7tA] FU-L-E2 Ringer's solution® 2 | : 108] &2 5|45}
285N A S ME 1 mLE 4 °C°ﬂ/\‘] /E.—Ev— SHITH YAIE2] &, fast-DNA spin kit (MP Bio Laboratories,
USA)E AH&5H] DNAS FZ5t0] - 20°Coll A1/ A7) Hastct.
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Table 1. Ingredients and chemical composition of experimental diets (as-fed basis).

Starter Grower Finisher
Ttems 50 100 50 100 50 100
CON BSFLO BSFLO CON BSFLO BSFLO CON BSFLO BSFLO
Ingredients (%)
Corn 53.05 53.05 53.05 59.00 59.00 59.00 61.80 61.80 61.80
Soybean meal (44%) 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00
Corn gluten meal 6.35 6.35 6.35 4.00 4.00 4.00 1.60 1.60 1.60
Wheat bran 3.15 3.15 3.15 - - - - - -
Soybean oil 3.00 1.50 - 3.00 1.50 - 3.00 1.50 -
Black soldier fly larvae oil - 1.50 3.00 - 1.50 3.00 - 1.50 3.00
Dicalcium phosphate 1.75 1.75 1.75 1.50 1.50 1.50 1.45 1.45 1.45
Limestone 1.25 1.25 1.25 1.15 1.15 1.15 1.05 1.05 1.05
Vitamin-mineral premix” 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
L-lysine 0.40 0.40 0.40 0.25 0.25 0.25 0.10 0.10 0.10
DL-methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.15 0.15 0.15
Salt 0.35 0.35 0.35 0.40 0.40 0.40 0.35 0.35 0.35
Calculated composition
ME (Kcal-kg™) 3,031 3,031 3,031 3,106 3,106 3,106 3,152 3,152 3,152
Methionine (%) 0.53 0.53 0.53 0.50 0.50 0.50 0.43 0.43 0.43
Lysine (%) 1.42 1.42 1.42 1.26 1.26 1.26 1.11 1.11 1.11
Calcium (%) 0.96 0.96 0.96 0.91 0.91 0.91 0.86 0.86 0.86
Total phosphorus (%) 0.77 0.77 0.77 0.70 0.70 0.70 0.65 0.65 0.65
Analyzed composition
Crude protein (%) 24.63 2448 23.28 22.15 22.77 23.14 22.71 22.03 21.37
Crude fat (%) 3.63 5.39 5.93 6.76 7.51 7.70 4.68 4.44 5.22

CON, control diet; 50 BSFLO, 50% black soldier fly larvae oil diet; 100 BSFLO, 100% black soldier fly larvae oil diet.

*Supplied per kilogram of diet: Vitamin A 1,600,000 IU; vitamin D5 300,000 IU; vitamin E 800 IU; vitamin K5 132 mg; vitamin B1
97 mg; vitamin B2 500 mg; vitamin B6 200 mg; vitamin B12 1.2 mg; nicotinic acid 2,000 mg; pantothenic acid 800 mg; folic acid
60 mg; choline chloride 35,000 mg; Mn 12,000 mg; Zn 9,000 mg; Fe 4,000 mg; Cu 500 mg; I 250 mg; Co 100 mg; Se 50 mg.

Table 2. Fatty acid profile (% of total FAME) of the black soldier fly larvae oil (BSFLO).

Fatty acids BSFLO
C10:0 1.76
C12:0 (lauric) 35.72
C14:0 (myristic) 5.03
C16:0 (palmitic) 13.78
C18:0 (stearic) 2.81
SFA 59.1
Cl6:1 2.12
C18:1 n-9 (oleic) 18.28
MUFA 20.40
C18:2 n-6 (linoleic) 15.02
C18:3 n-3 (linolenic) 1.95
PUFA 16.97
UFA/SFA 0.63
SFA, saturated fatty acid; MUFA, mono-unsaturated fatty acid; PUFA, poly-unsaturated fatty acid; UFA, unsaturated

fatty acid.
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16S rRNA 522} Al
ZZ 5 DNAAZ2]168S ribosomal RNA (16S rRNA) -FHAE 235111 25 DNAAE 2 3k mefo]
™ 341F (5-CCTACGGGNGGCWGCAG-3")2} e 2to]Hg05R (5'-GACTACHVGGGTATCTAATCC-3 )&
ARE510 400 - 500 bp AFolollA] 187HS] amplicon= AJ/d 5+ 2™, of= 274 (Macrogen, Inc., Seoul, Korea)©l| 4]
MiSeq =21 (Illumina, San Diego, USA)S AH-8-5}o] A|#/J5HATH

A 24
A% A= SASZ 2 1 3H(SAS Inst. Inc., Cary, USA)2| GLM proceduresE ©]-8-o10f RI3Y5t] o, 2|17k 7
o] Afol= Tukey ol ©Ja} 95% § o)+ 20 2 BAlsHATk

Results and Discussion

Anbz o 2 Foll 5ol f52] AAt 2/d2] 2, thA|# o2 oAk (saturated fatty acid, SFA)2] &g0] &
AESHA]H Hunsaturated fatty acid, USFA) SFETH =11, ZSIA| R S0l A = 292 2 k(lauric acid)2] o] 7+
2 =CHMakkar et al., 2014). 2F2 AR B A= 6 - 127] 2 A E Z4) 2] 24 Hmedium-chain fatty acid, MCFA)2] 3t
SolH, 23U 2 Qtoll =4 &7 Aatolth(Suzuki, 2013). F4HA AR Alete] Al2d S Fafsto] AF
A= at/dS 7HA1 AL Qo] & 73S {18 HA YA =R AFHEE 4= IS A& HRITK Zeitz et al., 2015;
Spranghers et al., 2018).

2 Ao AFEE Soll-5ollf Hell EAliot= AAH d2-& 2413 AN Table 2), ZE3}AH4Ee] 3ol 59.1%,
o E 32 5E2] ¥ Hmono-unsaturated fatty acid, MUFA)2] 80| 20.40%, 12] 11 T FE- 22 5F2] ¥ a(poly-unsaturated
fatty acid, PUFA) $FF2 16.97%%t}. Z3FA|What Yof| A 71 o] Sha-H Z|HHike- 2k9-8] 4H(C12:0)°]1™, 35.72%
2 A AL ol A thgk 3129 1718 S50l Well &-7-= o] Ut

U2 ALR W 3-8 5ol 5ol-= 50%2t 100% thAsklS o, S 87 A3HE W Bhel|2ol #3le] 2t
o] & A|A3IEE. 21 A3}t OTUs, Chao 1, Shannon & Simpsonat 22 T A E= A2 717F 7-9] 42l i]'olé
Ho|z] et TH(Table 3). T35, vHee]ol 4 /S & = A elsh Aduk 39 -2 Firmicutes, Proteobacteria 2!
Bacteroidetes = A1 =] 21 ChFig. 1). Firmicutes= All 2] 2] 7 2.5 90%0| 40 2 714 =2 H]8-2 Ho] 9191, 50%
thAISE 2 2] 71(96.02%) 2} 100% THANSH 2] 2]74(94.45%) E5 T ZT(97.40%)°1| B]3l W3ttt 3FA]9E Proteobacteria
£ 5ol 5olFE Folgt & % 2743.19, 3.03%) H5F tHRT(1.92%) 20 Aty 0 = =ttt Bhe|ejor 4 14
S & o2 Aok Ay & 1257119] &0 EAE|91 o1, 117702] £9] Firmicutes, 67112] 4:0] Proteobacteria®, 1
7§9] 4:0] Bacteroidetest, 12] 21 17§9] £:0] Actinobacteria™ O 2 2-HE| U ch £ A A Thof| A 19 0T others =
B525k3 Y z] 16709] 42 22 YERHATHFIg 1). 2] AU v]lE 5 F2 v E2 23 Faccalibacterium
&0 Al A 2|+t B 7 =2 HIE(50% ©1hE EAoE 2™, Ruminococcus”?F TF- 2 2 =9kt Firmicutes Ol
&5he & Zol| A Faecalibacterium-2- 50% THAISE 21 2] 71(56.89%)°l A1 THZ1(60. 75%)01] Hlsf| Wttt dubd oz,
FaecalibacteriumZ5-& T A &AF - SHUEQ] butyrate S A/d5Ho] o] A 25 73s}al] g ibdof g2t n] &
2 A JAThMiquel et al., 2013; Gangadoo et al., 2018). sol-5oll7-2 H7Ist F A E]:r"(5.22, 3.92%) 2= T2
(7.66%)°ll BI3H Ruminococcus<s H]&-0] W3O, Lactobacillus<-2 5050l thAl| v]-&0| Z371a4= 7FAs3ich
(3.84, 2.64, X 1.45%). RuminococcusZ-2Ruminococcaceae 2}l £+6H=tl|, Ruminococcaceae ™}l &5h= PSS
A2 Z QAE Bal5lo] dhaf| x| iake Sk 2] QITH(Liu et al., 2008; Li et al., 2017). 5|2, Proteobacteria

Ol

I
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Hu

o] &8h= Escherichia®i-2 Sol-solf5 A7kt = 2|2] 7 B thatoll H]sl] =4Th(1.91,3.17 Bl 3.03%). &3

& 3o A1t rYE FF &l & SAREA] 2 H| WS 3 Aik(Fig. 2), tF-22] n|8ES0] 72411 2fo]
7F AR O, & =0l A ErysipelatoclostridiumZ50] 50% THAISH 2 2]712.21%)7F tHR740.68%) 2Ct f-o] 4o =
=

UTHp < 0.05). oA A-Axto]| ofshH SA| oA S A HAHE Fo151S W Erysipelatoclostridium:0] 57}
o, thFREo Y 0 & =2 Fol 5ol i) SeiA AL do] #Eol TS & A& HeltKKersetal,
2019). SFA|TF, F4d -84 (principal coordinates analysis, PCoA)S St 23}, Z3F4 0 2 X217t n| Y& 5 2fol+=

ER H

Table 3. Number of sequences, operational taxonomic units (OTUs), and diversity estimates of bacteria in

cecal digesta”.
Index Treatments

CON 50 BSFLO 100 BSFLO
No. of Sequences 13,141 14,080 12,109
OTUs 247 244 242
Chao 1 285.48 273.86 280.18
Shannon 3.20 3.54 3.29
Simpson 0.63 0.69 0.65
Goods coverage 0.99 0.99 0.99

CON, control diet; 50 BSFLO, 50% black soldier fly larvae oil diet; 100 BSFLO, 100% black soldier fly larvae
oil diet; OTUs, operational taxonomic units; Chao 1, richness estimate; Shannon, number and evenness of
species; Simpson, measure of diversity.

“Each value is the mean of 6 replicates.

100 100
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Fig. 1. Microbial taxonomic profiles from the cecal digesta of the three dietary treatments at the
phylum (A) and genus (B) levels. The taxonomic composition of the cecal microbiota among the
treatment groups was compared based on the relative abundance (taxon reads/total reads in the
cecal digesta). CON, control diet; 50 BSFLO, 50% black soldier fly larvae oil diet; 100 BSFLO, 100%
black soldier fly larvae oil diet.
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Fig. 2. Relative abundances of the cecal microbiota between the control, 50 BSFLO, and 100
BSFLO groups. Variations in the relative abundance of the cecal microbiota at the phylum (A) and
genus (B) levels. Different letters indicate significant difference (p < 0.05). CON, control diet; 50
BSFLO, 50% black soldier fly larvae oil diet, 100 BSFLO, 100% black soldier fly larvae oil diet.
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Fig. 3. Principal coordinates analysis (PCoA) plots based on weighted UniFrac distance metrics.
Individual samples for treatments are designated with the following symbols: CON (red, O), 50

BSFLO (blue, A\), and 100 BSFLO (orange, [1). CON, control diet; 50 BSFLO, 50% black soldier fly
larvae oil diet; 100 BSFLO, 100% black soldier fly larvae oil diet.

H o] 2] gFth(Fig. 3).

Sl 5olf-E ARESH] tiFR/-E tiA| Soigt Ak, W7 Ul nldE 2o BHAUAITE B84 I 714
R gkt o2 et A= Alg Ul H7HE A A B (HHFRet Bollsollf) Wl A4 /42 Aol = HojXinh &
ofl-5oll-f2] SafAAE oh2 AatE ot FA49] AT} FH2 B4 4 ol A FolA STt et oy
A 225h7| A& EAS 7HA| 3L Qth(Zeitz et al., 2015; Belghit et al., 2019). T35k, 298] AR F2 Tk oFA
< A5, E. colitt Salmonella spp.2t 22 15 /3 wolli= &7} 2F5tTh(Skrivanova et al., 2005; Hermanns et al.,
2010). SFA|TE, AR AR ZFai R Aol vls A% ARl A wEA F4E= B/ wiEel A% R g2
kol a3b7} gl o, o] = A H4to] 2342 0 & A AFm]Al|ao]| of 2] ¢ 0= 24917] wiZ0|THZentek et al.,
2012). o] 23t S A HARe] B4 wi 2ol Folloll-f-E Folotle wl, \A n| 2ol nlx]= FFo]l 42 A=
T

Conclusion

th ok SolSolfol AL 24 B4 A Fol 5ol o] S| uHA o] ch-gol uls
AFE U SRS SolSol g2 Al Folet Zu, WA U vl R 2Eo] uiisiot, Hel 7zt g0 49l
o}zl gkt olefst Ak, Foh5olf Lo Sl ATe] 27 ARolA] WA F4Et B ujo] B

doll &3] =EsiA] F37] wiZol2tal whETh
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