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& Greenhouse gas (GHG) emissions from livestock production (including
transport of livestock and feed) account for approximately 18% of global
human-induced emissions.

& Methane (CH, ) is produced by enteric fermentation (31% of global
emissions) and released from manure (6%); N,O is released mainly from
feed crop fertilizer and manure (65%).

& 1 kg of beef has the highest environmental impact when measured in
CO, equivalents (14.8 kg), followed by pork (3.8 kg), and chicken (1.1 kg).

@ Concerning the global anthropogenic atmospheric ammonia emissions,
responsible for eutrophication of surface waters and acidification of soils,

almost all is emitted by the agricultural sector, of which almost two-thirds
is by livestock.

CAnnu. Rev. Entomol., 2013)



Recorded edible insect species, by country

Number of insect species

Bl - - World: 1 million
- Harmful: 5000 (0.5%b)
- Edible: =>2000

Source: Centre of Geo infarmation by Ron van Lammeren, Wageningen University, based on data compiled by Yde Jongemna, 2017 version: 170402



Number of recorded edible insect species
per group In the world (number: 2111)

Others

Beetles

Butterflies

Source: Yde Jongema, 2017
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The United Nations estimated that global food
production will need to increase by 70% by 2050.

Under the title of “Can Science Feed The World,” a 2010 issue
of Nature assessed the contributions that plant scientists can

make toward reaching the goal of substantially increasing
food production.

“roots are the key to the second green revolution”
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Hermet:a illucens (Diptera: Stratiomyidae)

Known as the “black soldier fly™

Temperate/Tropics
Colonizes vanety of wastes ﬁ: ﬁﬁ ﬁ 7KM

Aprll thr{}ugh October
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Adults

7-14 days

2— weeks
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18 _;I_y- waste reduction, animal feed, bioenergy z‘;

: e®Reduce waste accumulation

einhibit or kill pathogens

a Insect biomass for
feedstuff. coproducts

Insect fat, biodiesel
Special fatty acids
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. Brief introduction of black soldier fly (BSF) project

Mass breeding technology of BSF
. BSF conversion tech of organic wastes

. BSF biodiesel: From waste to bioenergy
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etrospect on project research process

*BSF breeding techs

*Technological design
*Industrialization
*Basic research

*Wuhan strain {
*Mass breeding 2012 2014
*Co-conversion
*Basic research

>/

*Key technology 2008 2011
*Conversion techs F AO
) » 3 Postdoc.
)/ »7 PhD
2004 2007 » 27 Master
# 30 Articles
Collaborate with Texas A&M University, USA ] » 14 Patents



@ Mass rearing technology of BSFGRERAWA TES)
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I‘Cﬁﬁﬂ system

® Wuhan strain (better characteristics )

B Improved egg hatching rate
® Standard rearing process for larvae
B Optimized operating conditions of adult cages

® Continuous breeding tech

B [ower cost diet for BSF

B Technical team @,%\Q 'Q
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BSF strains: developmental and waste reduction plasticity '
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#Wuhan strain 18 more efficient for
pig and chicken manure
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Black soldier fly Wuhan strain: higher conversion rate, grow
faster, bigger size, higher biomass yields



Mating and oviposition without opulent sunlight
no longer a problem!
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Bumber of ege-field flutes

Dava

The amount of egg-filled flutes collected under the sunlight and the quartz-iodine lamp treatments in a cage during
a 25 day period. (Zhang et al., 2010)

Patent (ZL200820066774.4)
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. Brief introduction of black soldier fly (BSF) project












» ~35 kg eggs per day, 400 m*
# 100-200 ton waste / day
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BSF conversion tech of organic wastes






= Optimal larval age
m Optimal larval density
m Material condition and pretreatment
m Combination and material ratio
(swine, dairy and chicken manure, etc.)

= Probiotics:
Co-conversion = Microbes + BSF
enhanced conversion rate, shorter period, higher yield
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Chicken manure co-conversion: BSF+ Bacterial Complex I

Gurvival Rale of BSF (%)

Reduction of Chicken Manure(%)

2% % o o P O P
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World Population Growth

billions
[
M Developing
8 regions
™ Industrialized
: regions

)
0
g‘r 1750 1800 1850 1900 1950 2000 2050
World
Resources

Institute Sources: United Nations Population Division and Population Reference Bureau, 1993









)
Black soldier fly products samples A

Skimmed BSF
Powder
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(1) Co-conversion demonstration base in Wuhan
Chicken manure : BSF + Microbes
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400, 000 laying hen = > 40 tons manure/day
















(2) Co-conversion Restaurant waste: BSF + Microbes

JM Green Co. Xian City

aw med

I . H “ . _ ~ 200 tons food waste / day
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By the year 2050,
there will be more than
9-11 billion people on
earth to feed using the
same amount or less
land and water than is
now available for

agricultural production.









JM Green Co. Xian City




JM Green Co. Xian City



JM Green Co. Xian City
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JM Green Co. Xian City




JM Green Co. Xian City
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B Water pollution—eutrophication
B Land pollution
B Odor pollution—NH;, H,S, etc.

B Pathogen, parasite

S

Long-term National Science and Technology Development Frogram (2006-2020) has put pollution
and waste recycling as the key area and the theme of the priority in agriculture.
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litional benefits from BSFL bioconversion

m Deodorization of the waste (J&&R.)

= Eliminate pathogenic bacteria in the waste

(RRIRBREFEEDD

® Innate immunity: antimicrobial peptides (AMPs)

(BER%EE: JLEKE)

A ttenuates antibiotics and ARGs
GERRBEAERMPLEERE)D
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Deodorization of the animal manure (SPME-GCMS)

40
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Variation of p-Cresol in manure
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Chrornaograpin ¢ pealc anea
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Variation of 2-nonyl ketone in manure
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Deodorization: volatile fatty acids (VFA)
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BSFL inhibited pathogens in animal manure

E

3
B .
B #»Swine manure
it
4, Bt =) > When larvae present, Staphylococcus aureus was
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»When larvae present, Salmonella enteritidis was 4=
significantly reduced after incubated for 96 h.
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BSF antibacterial peptides (AMPs) gene screening and l*&'\A,'J
gene cloning -

G Number of amino acids Optimal
FENE Sequence

Caal Tm

Sarcotoxind 53 54.8
Sarcotoxinlia) 53 54.8
Sarcotoxinlib) 53 54.8
Sarcotoxind 47 54.8
Cecropin 53 56.8
SIOMmoxXyn 63 50.6
SLOMoK Y () 63 50.6

Identity

(%)

46.29

46.29

Remarks

90% identity to sarcotoxinl; different bases at
No. 26 and 57

98% identity to sarcotoxinl; different bases at
No. 26,57 and 59

909 wdentity to Stomoxyn; different base at
MNo. 21

T'?' -Pfﬁ' ﬁi f;:?f ) Sarcotoxin 1

L F e e

Cecropin

Stomoxyn



Stomoxyn: recombinant expression

pPICZoA- stomoxyn

Zeoci
2773 bp "

evel TT

plUIC e
Constewction of the recomblnam expreession vector

PPIC T oA Stomasyn

SD6- PAGE analysis of the pPICEo A -stomoayn prodscts expreesshon ln Plolia
pustoris GELLE

new antimicrobial agents???
feed additives???

Amtibacterial detection of expressed stomoxyn sample
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BSFL digestion of TC at different concentrations in an open conversion system
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a prter of protein material @

Soyhiean Production, Consumptan andimpons in China, 7l
1964-2011 /"f
B -
" B
Coneumnptan ¥
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Ching baught a recare 70 milllkas tonnes of say (FAD, 2013)

> 1, 200, 000 tons of fish meal imported.
Foreign-trade Dependence >85%
»70, 000, 000 tons of soy imported.
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Antenuated ATRGe fodd decrease
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Attenuates antibiotic resistance genes in chicken manure by BSFL
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Feeding value of BSF ({8 B {E P4
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Commercial formulations partial replacement:
® Laying hen feeding and nutritional test
® Broiler chicken feeding and nutritional test

® Fish feeding and nutritional test
(vellow-head catfish, Pelteobagrus fulvidraco)



Nutrition ingredient analysis of BSF larva, prepupa and
comparison to fish meal and soybean meal

BSF dry larva ( %) BSF dry prepupa (%)
Nutritional Fish meal Soybean Meal

igrediat (%) (%) Dairy Swine Dairy Swine
manure manure manure manure

Crude protein 60.2 44.2 42.1 45.2 42.1 43.2

Crude [at 4.9 1.9 34.8 314 34.8 28.0
Crude fiber 0.5 5.9 7.0 6.4 7.0 -
N-free extract 11.6 28.3 1.4 4.9 1.4 -
Crude ash 12.8 6.1 14.6 8.3 14.6 -

Calcium (Ca) 4.04 0.33 5.00 - 5.00 5.36

Phosphorous 2.9 0.62 1.51 - 1.51 0.88

™
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Amino acid composition of BSF larval meal and comparison
to fish meal and soybean meal

BSF larva (%) BSF larva ( %)
Essential N on-essential
i i Dairy Swine  Soybean Fish i i Dairy Swine Soybean Fish
amino acids amino acids
manure manure Meal meal maniure manure Meal meal
Methionine 0.9 (.83 (.68 1.64 Tyrosine 25 2.38 1.57 1.96
Lysing 34 2,21 2,949 4,72  Aspartic acid 4.6 3.04 -
Leucine 3.5 2.61 3.57 4.8 Serine 0.1 1.47 -
Isolcucine 2 1.51 2.1 2.68 Crlutamic 38 3,909 -
Histidine 1.9 0.96 1.22 1.71 Glycine 29 207 -
Phenylalanine 22 1.49 2,33 2,35 Alanine 37 2,33 -
WV aline 34 2.23 1.53 3.17 Proline 33 2.12 -
Arginine 22 1.77 3.43 3.57 Cysling 0.1 .31 0.73 0.52
Threonine 0.6 1.41 1.44 2.57
Tryptophan 02 0.59 .49 0.7

g Fz’ﬂf =,
X NT
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The fatty acid composition of BSFL grease

Retention time Number of carbon Relative percentlage
Faity acids

( min )} and unsaturated bond (%)

Capric acid 5.79 C10:0 311
Lauric acid 7.32 C12:0 35.64
Myristic acid 8.78 C14:1 7.61
Pentadecanoic acid 9.67 C15:0 1.03
Palmitoleic acid 11.24 Cl16:1 377
Palmitic acid 11.65 C16:0 14.84
Oleic acid 15.50 C18:1 23.62
Stearic acid 16.10 C18:0 3.55
Nonadecanoic acid 17.97 C19:1 1.43

Docosenoic acid 19.93 Cia:1 1.37
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van Felmih mlade UL TURAL v R



Laying hen feeding 7%

Effects of larvne-residue maxhmre on produchion perfonuance of Hy=hne brown (Mean £ SE),

Levels of lnvae-residue muxnae i the dier, %
Parameters - .
{ 5 15 25

3a B57+292a B3 7+ 2 3% TiB+ 1.87b ‘ }. E‘gg Wf'.-ight 1;‘; hlghﬂl"

Egz waight, g G622 = 0,545 G638 = 0,52b Ga S = 035h GBS 3 = 049

I

E

Hen-day production, %s B2

- i

I-d

Feed intake. g / bird / day 134.1 £ 1.68a 136.0£221a 133.7+£456a 121.8=2.96b
Kg Feed / Kg epgs 264012 2.5 £ 0.07 2.6+ 0.03 2.6%0.10

&, b, ¢ means nlong the snme row with different supersenipts differ significanthy (p<0.05)

E ffect of larvas-residue muxhore on 2EE equa Lty (eam & SEj).

Lavel of lnrvaes=resicdue mixnme e the dists, %
»Yolk and albumen weight got Bl ) 2 1 -

, Yolk weighte, g L5 64 &0 31p 1660 = 0.276 1597 & 0 17ak 16,15 & 0.1 7ab
hlghﬂr h Hnugh wit Ef40 + 1,12 Hd 44 4 1 4% Edad &+ [ 04 B 274 1.5
}'Thi(:kﬂl" Egg Shﬂll At weight. g ATED 0S5 IR & 0,578 AESS & 0428k 4003 &05h

” Egg shape wdex, It:hgrh. widdeh 1.29 = oG 1.2 =001k 1.28 = n0Dnk 127 = 0.01
¥ Egg shape index decreased ABmeSuight. 50k FATEDAS  FIEL083  TISLNAE TAeL0Z

Egg shell i kiness, ming 0.3% = J.00a 0.3 = 001 D36 =001a DL3G = 0.0 1ak

a Boesn along the s ow with dfecmd mpencnpis differ upaficactly (paob 05)

S5
-
-
. = TH
g s e Eroup A
e —i— b
3 G » At 15% ration, hen-day egg
g e Bl e production increased.

EZS 3% 2
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Broiler chicken feeding P72

¥ At 12% substitution rate,
chicken weight gain rate was
accelerated:
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Fig. The average daily gain curves of the Broiler

WYock
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¥ After feeding of 52 days, each
chicken weighed 102 g more than
the control on average.
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(Growth effects of fish meal substitution with BSFL powder on
Yellow-head catfish)

Testing items

Welght gain eate (%}

specific growth rate
{Feid)

Feed coelTiclemt

Proteln EMcency Ratlo
{%)

Proteln depositlon
ralel T )

Survival rate
{%)

Control

6608.99
+70.18b

313
*0.14b

1.08
+ 0.07ab

214.34
*13.76b

115.41
X 5.92cd

O8.89
+1.92a

F¥EELE
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13%

836.18
*47.40a

344
T+ 0.08a

0.90
+0.0da

25223
=+ 10.08a

13522
=+ 5.60ab

100
+(1.0a

Fish meal replacement ratio

w 8% 68%
Y8420 81385 633.52
| ok

T 47.17bc

I-I-m

3.07
T+0.10bc

1.08
+0.09ab

21421
* 18.64b

119.32
+9.80bcd

98.89
+192a

B34

23305
13213c

284
T 0.08¢c

1.19
+0.05b

192.10
+7.63b

106 .59
T3.74d

100%

30035
+3228d

2.13
+0.13d

1.66
*0.16¢c

13920
+13.13¢

80.79
+7.73¢
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( Effects of fish meal Substitution with BSFL powder on immune indexes
of Yellow-head catfish)

Fish meal replacement ratio
Testing items

Control 13% 25% 8% 68 % B % 100%

dsapnekiiiosdy,. | 2357 | 208 | ooy : 2410 2159 2298  19.36
{U/mL) +2.45sb +197a 1+7.825° L Laglab +126ab +089ab +2.12b
SOD in blood 276  28.19 1245 ow 24.18 22.60 2235 22.06
{U/mL) +4.73 +7.17ab 1+7.77a 136b +381b +875b +5.52
i) |
PIERERVE:: 14511 L4A176 14118 14086 13476 13099

|
|
|
|
|
|
|
|
|
:
141.03 143.46 |
o +18.65a +3801a |
{U/mgprot) T18.60a =is.lla :
|

Leskocytephagocyie 28,33 3367 |
percentage (%)  4+()58ab +2.3la i
|

|

|

|

|

:

+2020a -11.423 +1521a £1900a 18.08a
34.67 A 31.33 25.00 21.67 21.33
3 gab 200bc 3.06c +1.15¢

Leukocyte 2.80 2.84 2.84 278 271 255
phagocyticindex  +0.12a +£0.09a |£0.08a | +£020a +0.10a 003 +020a 0.3
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High Nutrition + Immune Enhancement
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Vlarine fisheries =

Fishmeal Prices
100 %

90% Overexploited/depleted 5% 800 *Record High Price
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»53% of the world’s fisheries are fully exploited, and 32% are overexploited

»Several important commercial fish populations have declined to the point where
their survival is threatened

¥ Stocks of all species currently fished for food are predicted to collapse by 2048

¥rEELE N\

s alesl UL TuRAL svE Ry



. BSF biodiesel: From waste to bioenergy (ZE%J%27H)
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aste to bioenergy
= black soldier fly make it feasible

Lighocellulose




Comparison of fuel properties of BSFL fat-based bindiesel, rapeseed oil-based
biodiesel, and the standard EN14214.

® High fat BSF: waste to biodiesel

® Most of the properties of BSF biodiesel met the
specifications of the EU standard EN 14214

® BSF grease could serve as a novel low cost
biomass feedstock for biofuel

LOLanie rnues =S LUy 1 o
Acid number (mg KOH/g) <0.8 1.1 0.3
Methanol or ethanol (m/m) 0.2% 0.3% nfa
Distillation (°C) nfa 360 352

(LiQet al, 2011; Zheng LY et al, 2013)



Promising future!!
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» Special Scientific Research Fund of Public Welfare Profession of China (201303094-10)
* NSFC (Project: 31301913) (2014-2016)

* Hubei Province Natural Science Foundation of key projects (2011-2013)

* Key Project of International Cooperation (Hubei Province) (2007-2009)

(MERI, HZAU)

Prof. Zhang Jibin Prof. Yu Ziniu

FLIES Lab, Texas A&M University,
USDA, USA

Dr. Jeffery K. Tomberlin
Dr. Twani Crippen




The 2™ International Conference Insects to Feed the World
15 to 18 l'[n].r 2018 Wuhan, China

Home Programme Committee Hegistration Submission Hotel Travel Invitationletter Contact

hevmole Speakers
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@. Important Days

m Deadline Early Bird

3‘1 Registration

[ Mar 2018 |

http:/itw2018.csp.escience.cn

Welcome to China! Welcome to Wuhan!
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Insects not just feed the world

But also heal the

iEE (+86 15072302730)
ly zheng@mml hzau Edll cn




World Population Growth
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¥ The world will host 9 billion people by 2050
# Food production will need to almost double
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Insects to feed the world
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ENVIRONMENTAL BENEFITS

GREENHOUSE GAS PRODUCTION
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HEALTH BENEFITS

PROTEIN CONTENT
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