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WE NEED TO FEED THE WORLD

World Population

Projected world population until 2100
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Food production must increase by 70%




MEAT PRODUCTION AND SUPPLY

Meat production by livestock type Sl s
Meat production by commodity or product type, measured in tonnes per year. All data shown relate to total meat
production, from both commercial and farm slaughter. Data are given in terms of dressed carcass weight, excluding
offal and slaughter fats.
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CHICKEN CONSUMPTION

Table 3.10: Food consumption of meat J
[ 196466| 1974776| 1984me6|[ 19946 199799| 2018| mo]
kg per capita, carcass weight equivalent

World 24.2 214| 30.7]( 34.6) 364 tu]f«.:]\
[Developing countries 102 1.4 15.5) 27| 255|[ 316|367
exd. China 110 12.1) 145 17,5 182)[ 227][ 280
excd China and Brazil 101 11.0][ 13.1][ 149 155 198 251
| Sub-Saharan Atnca 99 9.6 10.2|( 93 94| 108 134
Near EastNorth Africa 119 138 20.4| 19.7] 212 286 350
Latin Amenca and the Canbbean 317 356 39.7) 50 1] s38| 653|766
exdl Brazt A1 S| 396 a4 53| e[ &7
South Asia 39 39)( 4.4 54| 53| 7s| 117
East Asia 37 10,0 16.9| 317 377|[_soof sss|
exdd_China 94 10.9][ 147 219 27310409
[Industrial countries 615) 735 80.7 86.2)[ 882|[ 95.7]| 100.9)|
Transtion countres 25 500 65 sosl[_s62)[ s3sl[ eo7
Memo item \
World excl. China 2%5) 32.6|[ 343 341 342|[ 369)[ 403
[Workd excl. China and transition countries 26.5) 29,0 30.6|[ 324 330 356) 391
[ [ Meat consumption by type (kg per capita, Carcass weight equivalent) ‘
Wedd 1
Bovine meat [ 10.0 1) 10.5) 9.8l 98| 10.4] 108
Ovine and caprine meat ( 18 16 17) 18 18 219 24|
[ Pig meat ) T X N T |
Poultry meat 32 4 6.4 9 102)[ 138 173
countries ‘
| Bovine meat [ 42 4.3 48| 5.7 61| 31
[ Ovine and caprine meat | I I 1ﬂr_1r—4’
[ Pg meat (S8 & &4 98 o8 13 123
Poultry meat (12 w29 sy 69][_103][ 149
[ exc Chuna and Beazi | 12) 1.9)[ 32| 43 s2)[ a1 us‘];:’
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DIETARY PROTEIN

Role: growth, egg production, biological functions, ...
Quantity: ~ 21 % of diet

Quality: methionine and lysine
10-80% of the total costs

Live broilers: fverage costs of production atvarious RS/ exchange rates, mid-yvear 2011 [5/%2)

LS. Brazil

Mational |Parana Goids Farana Goids Farana Goids

[actwal) [actual) [hypothetical) [hyvpothetical)

R51.58,/51 R51.50/51 RS 2.00/51
Chicks 011 {19 0. 26 .20 027 0,15 020
- W+ N S 1+ 8 N 1 S+ 3 S+ 1< M— A

InseCt a's a‘ Source Of prOteln ? Lgﬁtiﬂ.'erpayment % o013 O 1d .13 015 010 011 _I

All other 008 Q.07 o8 Q.47 .09 0.08 0.07
Total 101 1.05 1.19 110 125 Q.83 {.94

Exchange rate based on the average of June and July 2011
Brazil - based oh conventional grow-out houses

Brazilan growet's payment is constructed based on producer [2row-out farmer) total costs

plus water @
http://www.thepoultrysite.com/reports/?id=801



INSECTS AS R SOURCE OF PROTEIN

Nutrient content of wild black soldier fly (BSF) larvae produced on
vegetable and fruit wastes compared to that of fishmeal and

soybean.
Wild BSF larvae Fishmeal Soybean
ICrude protein (%)  38.08 55.1 47.9 I
Crude fibre (%,
12.36 0.013 3.6
w/w)
Ash (%, w/w) 14.61 18.2 6.40
| Fat (%, w/w) 32.62 1.80 I
::: ;12?;;“ 42.075 18.7 29.2
. Manganese (% 0.56
Rapid reproductory rates : ganese (%)
c % 0.006
1000 eggs/female il i
sodium (% 3.07
egg-adult : 38 days Sl
o 0,
Able to convert organic waste Eon ) oot 8
Calcium (%) 0.10 1.586 0.35

Self-harvest capability
Absence of mouthparts in their adult form o) 2.21 0.56 @

https://www.wageningenacademic.com/




MICROBIOTA
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Figure 1. Interplay between diet, host, and gut microbiota - factors influencing the gut ecosystem and contributing
to health and disease.
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Source: Adapted from Conway, 1994 http://www.primeanimalhealth.com/microbiota.html




GOAL OF THE STUDY

Change in caecal microbiota of chicken fed BSF larvae raised on horse manure




http://www.fmv-multimedia.ulg.ac.be




MATERIAL AND METHODS

40 Ross chicks: 0-13 days
2 groups; 2 replicates; 10 birds
Individual cages

http://www.fmv-multimedia.ulg.ac.be




MATERIAL AND METHODS

U [contol [Experimental
29 31 Starter commercial feed
65 67 Iso-nitrogenous and iso-caloric
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MATERIAL AND METHODS




MATERIAL AND METHODS

16s ribosomal RNA sequencing techniques
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RESULTS (1)

17,616 OTU, 37 families and 5,275 species

Firmicutes: 90.83%
- Ruminococcaceae (33.01%)
- Lachnospiraceae (46.17%)

Bacteroidetes : 6.93%
- Bacteroidaceae (6.65%)
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Fig. 1. Relative proportions of bacterial phyla (a) and families (b) found in chicken ceca. Data from Wei et al. (2013) represent publically
available sequences retrieved as described. Data from Tillman et al. (2011) and Wise & Siragusa (2007) are re-analyzed from data included in
(Oakley et al., 2013) representing 8 and 10 birds, respectively. Kogut et al. data are unpublished, collected, and analyzed as previously described
(Oakley etal, 2012 b, 2013) representing 20 birds and ¢ 20 000 sequencing reads. Data for each of these three flocks are from 3 weeks
posthatch. Sequences from Wei et al were additionally screened by removing sequences with ambiguous base calls, and all sequences were
classified against a reference database of type strains from seva v115 (Pruesse et al., 2007). Many of the sequences reviewed in (Wei et al,
2013) do not contain metadata regarding bird age, which can have strong effects on community compaosition and structure. For (b) families
belong to the phylum Firmicutes unless otherwise noted; families followed by black squares belong to the Clostridiales.




RESULTS (1)

Degradation of cellulose and other
Firmicutes: 90.83% / highly recalcitrant polysaccharides
- Ruminococcaceae (33.01%)
- Lachnospiraceae (46.17%)

\ Degradation of less recalcitrant non-starch
Bacteroidetes : 6.93% polysaccharides and starch

- Bacteroidaceae (6.65%)

Butyric acid :
- source of energy
- anti-inflammatory properties
production of mucins and antimicrobial peptides
inhibition of the transcription factor NFxB activity
inhibitory activity against Salmonella and Clostridium perfringens

L




RESULTS (2)

Phylum  (Controlgroup ________ Experimental grour

0.02 (0.00 - 0.04) 0.04 (0.00 - 0.06)
7.61 (0.15 - 15.07) 5.70 (0.13 - 11.27)

Firmicutes 89 92 (84.83 - 95.00) 92.39 (86.91 - 97.86)
Proteobacteria ; : : 0.20 (0.17 - 0.24)
1.67 (0.01 - 2.75)

bacteria

Means (and 95% confideNce intervals) for the relative abundance 14Q) of bacterial phyla in the caeca of young Ross broilers
fed (experimental diet) or\not (control diet) larvae of black soldier flieSh

Bacillaceae: 0.04% vs 0.00%
Rhodobacteraceae: 0.31% vs 0.02%




RESULTS (2)

Bacteroides coprocola 287+ 101 1.20£0.25
Bacteroides heparinolyticus 247 £ 0.85 138 £0.19
Bacteroides
Bacieroides plebeius 1.00 +0.24 3.00 £ 0.58*
Bacieroides salanitronis 437 +0.58 045+ 0.15%*
Parabacteroides Parabacteroides merdae 3.69 +0.80 0.82+051*
Elusimicrobiaceae Elusimicrobium minutum 0.23 +0.06 1.51+0.52*
Alkaliphilus crotonafoxidans 1.744+0.34 3.04+077
Clastridiales Alkaliphilus transvaalensis 0.12 +0.04 1.25 £ 0.32%*
Christensenella minuta 0.66 +£0.10 3.39 £ 0.35%%
Vallitalea guaymasensis 0.40 £0.06 103 £0.17*
Flavonifractor plautii 136 +0.16 461 £0.71%*
Oscillospira Intestinimonas butyriciproducens 3134039 461 £061
Oscillibacter valericigenes 2614041 2.70+0.09
Ruminococcus Clostridium leptum 0.53+0.04 1.06 £0.20
Veillonellaceae Unclussified sp 1.25+0.15 0.41 £ 0.07**
Fusobacterium Unclussified sp 6.02+277 0.26 £ 0.08*
Succinivibrionaceae Succinatimonas hippei 1614021 0.25 £ 0.08%*
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RESULTS (2)

Table 8. Selected microbiota counts in the caecal di-
gesta determined by DAPI staining and fluorescent in situ hybridiza-
tion, log cell number - g~ of digesta (Experiment 3)

. Treatments’ 5
Indices NC SL20 TM20 HI20 SEM?® P-value
total number of bacteria® 9.77 9.73 956 984 0.04 <0.0001
Bacteroides—Prevotella ) b - -
clustor 8_81 8.60 0.09 <0.0001
Clostridium leptum

subgroup

Streptococcus spp./ : b b a
pivisssptu i FRVL CECTN:FY 0.20 <0.0001

Clostridium coccoides—
Eubacterium rectale | 8.2298.39% 8.48" 0.16 <0.0001

8.28 832 843 845 0.07 0.061

(L:Iustte;; il / Table 3. Oligonucleotide probes used for intestinal microbiota analyses
actobacilius s B using fluorescent in situ hybridization (FISH) (Jozefiak et al. (2016
£ PP 8.54% 8.17° 0.05 0.007 : , (Fe 2018
nterococcus spp. Target Probe  Sequence (from 5'to 3) T TN
Bacteroides—Prevotella Bacto303 CCAATGTGGGGGACCTT _ s 08 -
cluster AN P,
Journal of Animal and Feed Sciences, 27, 2018, 131-139 https://doi.org/10.22358/jafs/91967/2018 Enterobacteriaceae Enter1432 CTTTTGCAACCCACT Sl ‘:w
The Kielanowski Institute of Animal Physiology and Nutrition, Polish Academy of Sci Jabt N R R R
Lactobacillus spp./ Lab158  GGTATTAGCAYCTGTTTCCA g | S
Enterococcus spp. AR LS
Clostricdium coccoides— Erecd82 GCTTCTTAGTCARGTACCG s | i
Eubacterium rectale cluster mmmm—

Clostridium leptum subgroup Clept1240 GTTTTRTCAACGGCAGTC
Full-fat insect meals as feed additive — the effect on broiler Streptococus spp./ Stred493  GTTAGCCGTCCCTTTCTGG

chicken growth performance and gastrointestinal tract microbiota Lactococes spp.

A. Jozefiak'®, B. Kieronczyk? M. Rawski?®, J. Mazurkiewicz*¢, A. Benzertiha‘, P. Gobbi*,

S. Nogales-Mérida, S. Swiatkiewicz® and D. Jozefiak? .




RESULTS (3)

relative abundance of
Bacillaceae

Average daily gain

decreases the

Presence of
BSF larvae
in the diet

Feed conversion ratio

Abdominal fat score

increases the . -
relative abundanceof ~———— Tibia ash percentage

Rhodobacteraceae




NEXT ?

= Preliminary findings need to be confirmed
= Higher number of animals
= Different percentages of BSF in the feed

= Improved statistical methods
= Design : non-genetic effects (gender, diet, replication, ....)
= Mixed structural equation model

Microbiota

Zootechnical
parameters




NEXT ?

= Preliminary findings need to be confirmed
= Higher number of animals \\ / / s
= Percentage of BSF in the feed g ogl
= Statistical methods (SEM)

= Niger
= BSF and/or other insects
= Imported chicken “without head” vs local chicken “bicycle”




