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EEH% Outline of presentation

1. 55855 The context
2. FhtUtEEl Novel feeds

5 ﬁﬁ%Z@?FEﬂEHFﬁ Co-products from bioethanol preduction

- ﬁ?ﬁﬂﬁ*—lﬂiﬁﬂiﬂﬁ%ﬁﬁﬂﬁﬂ?ﬂ Co-products from biodiesel production from conventional resources

® Jﬁ?ﬁﬁfﬁﬂ*ﬂﬁ%@ﬂi@ﬁ%ﬁﬁggﬂF% Co-products from biodiesel production from toxic oilseed plants

* EFRM Insect meals

* EhS2E  Seaweeds

. SEEH. HHMHARMIZER Protein isolate, leaf meals and single cell proteins

o ﬁ%%}ﬁ{ﬁﬁjﬂfﬁﬂ Food waste)as feed

- iﬁt@ﬁ*ﬂﬁﬁ%ﬁ:fﬁi@ﬁﬁ**ﬁg%;ﬁfﬂﬂFeeds through enzymes and treatments for second generation biofuel

3. £ Conclusions
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RRPEREEZEMBIAILEZ Kg/A/E (515 : 1961=100)

Per caput consumption of major food items in developing countries — kg per caput per year (index numbers 1961=100)
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‘:EEQE)J%EF Global apimal productlon 2005- 2050

Y 4+121% * +65%
™~ +92% 0 +62%

P 66% 439
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ETIEANEESRMK , 78%5IERAIERGIETIRE.

Currently, industrial swine & poultry production:
55% and 71% of global pork & poultry production

78% of feed grains use for pigs and poultry in the regions where industrial intensive system dominate
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ﬁﬁﬂ%ﬁﬂ-ﬂ‘] E*EE'* Huge den;and- for animal feed-

20504
TIMEFAI4.43{Z TR

An additional 443 million tonnes of maize production

60%HBFshidE ( 23%BFEIRE )

60% for animal feeds (23% for biofuels)

ASE~RBFIEELI3.921 ( BRIKFERIB0% )

Soybean production would need to increase by nearly to
390million tonnes (80% of the present level)
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Historical data 1980-2007 from FAOQSTAT: Projections: World feed use of Cereals: sum of the country feed
projections:; World projeciions of oilcakes feed use: world oilcakes produciion derived as joini producis from the

summation of the country production projection of oilcrops.
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ﬁﬁ-’fﬂﬂﬁ% Food-feed competition

2012-2013:7.95Z2I8&40 ( 138 ) -ailias:

2012-2013: 795 million tonnes cereals (1/3 total cereal) - animal feed
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35{Z ANEEEERRERE Annual calorie need of 3.5 billion people EE ':F@ EE == HE RS - 539
Nellemann et al. (2008), UNEFP EU: 53%
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A continued rapid expansion of biofuel up to 2050
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Undernourished pre-school children

JEMRIREIE Bt 5 E5300401 705
Africa and South Asia being 3 and 1.7 milion higher
than otherwise FAQ (2009)
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oY= et Animal product outlook
» 2EERRN50% ( BEXEFEFIEZEE ) 50% ofthe world’s pork {largest pYoducer and consumer)

- 2EZRIAY20% (B AKHEFEE ) 20% of the world's poultry {second fargest producer)

- 2Ek4-PIAY10% 10% of the world’s beef

« SERSB A SR FZE Fourth largest milk producerof$he world

{a¥EES Feed outlook

HHREBARASTHOE (L6 M/ E ) Wonds largest soybean importer (ca 60 million tonne/annum)
- EARIEREER (*‘JE§EHIE!? C RS, PEMERAECE ~ Huge importer of DDGS (5 million

tonne/annum), barley, wheat & sorghuin

« 20115 : EREF~E=R[970 F4E¥’ 1n 2011: used ca 70% of its total corn production for feed.
2 RERBSEESHPESHEBHEAEKSVER Total global trade in corn is much less than China’s entire

corn feed demand
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Food-not Feed Resources
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E%Z@mﬁﬁﬁ* From what bioethanol is being produced?
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F¥k haE HftaH ait
Maize Wheat OtherGrain Total

= EUSA 186 0 9 195

I —_
{EmEs d B% B EL 9 9 8 26

Number of plants A112 + CANADA g 5 3 16
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ugar cane

AL/ 38MATERS

s N =R
SRHENSER~m i rairgéufg}mss)*
Approximately 1/3 of grain
usedforfuel ethanolis e /e
prutein:?.!j.cu-pruducts u Cénﬁ%ﬁﬁ
s molasses
aHE
M Sugar beet
IEERE

' Fresh cassava

Source: F.O. Licht, 2011
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EE*ZE?E“FEIE@%’E Propertles of corn ethanol co-products
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Animal ieedﬁﬂmer Eﬂ-ﬁrﬁdm Crude protein (%) Fat (5% /NSRS
E3¥ Corn 83 38 ( 36%&EH )
S#3 Soy bean meal 45-50 14 that DDGSC:)
FKEER DDGS 30.8 11.2 (certh)
iRESiEfEE d-DGS! 340 27
SERTIEE HP-DDG? 486 34
EKEHFEE Comn gluten feed 238 35 Q
FEAZF Comn germ 72 191 fjxlﬁ (11%ER)

1 /44 58% De-oiled DGS Wheat (11% CP)

25 & H 1B High-protein dry distillers’ grains

Y HRDPERBETRIES RIKE : EXEERPIRGIEL SaEREMSAERH
ERE , M= HEEFIRH TS EREHRS BRI AR,

For normalinclusionievels of DDGS in animal diets, the limiting EAAs are lysine and
tryptophanformaize DDGS, and lysine andthreoninefor wheat DDGS.
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Co-products’
26 million tonnes

&/F=526005

L REETE

%SA annual production




D 2000k RN+ RnTE KEERET S WOImE AR ) (28"

Ingredient composition changes (% as-fed basis) in typical growingswine diets in the decades
before and after 2000 (US

Eot 2000%FH] HEToK, SRMNEKEERRIE
Ingredient Before 2000 At current maize, soybean meal and DDGS prices
FK Maize 70 > 53 “'

S ¥8 Soybean meal 25 11

B8 Cancla meal 0 0

EHBEEDDGS 0 30 4..

515588 E Choice white grease 2 3

Hffick, HER. TR, SEEOher 3 3

ingredients, vitamins, minerals, amino acids

Ait Total 100 100

c o aa s

Shursonet al. 2012
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2010 world feedstock usage

ST
w Rapeseed oil
1 Soybean oil =
1 Palm oil Fatiglies

W Animal fats & FMIRERHEH
yellow grease

'Sunflower oll A
H Other HA

Source: FO. Licht, 2011
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Liters, millions

2000 2005 2010 2015 2020
Fil : Bl SHEES 2008

SOURCE: National Biodiesel Board, 2008
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R, HEHBESE 5 KERREE

Crude glycerine contains similar energy to that of corn for pigs

- BHEHMRE =9% Sow diets = 9%
o  BFUB{FIE = 6% Weaners =6%
- BBI¥E =15% Finishers =15%

AERRBAZEIEY) Fatty acids distillate
- FIEEMEAEIEER

Utilize saturated as well as unsaturated fats

«  ANEHIRSRL/ Ml SEURES TEEE ZSHANE ARG AL ES

Unsaturated fats/oils résultsin more unsaturated fatty acids in their body fat

o ERRFREARE RN, EREIE AR

Makes carcass fat softer and this reduces carcass quality
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&1 (58%EH , 0% EREHENTESERER )
Kernel meal (58 % protein of 90% digestibility

& excellent amino acid composition)




New
detoxification
method
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Phorbol esters

1-3 mg/g

R PSR/ AsD

Antinutrients /Toxic components in Jatropha kernel meal

U*: 1 mg of meal that produced haemagglutination per ml assay medium. (Source: Makkar and Becker, 2009)
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Jatropha kernel meal in fish, pig and turkey diets

ST e

#B6 H#E Common carp (Cyprinus carpio L.) diet: 1“!
- $HEH - 38%F0BE/E — 10% Crude protein — 38% and lipid = 10% |
iT8&fa Rainbow trout (Oncorhynchus mykiss) diet: % 5
fBEH — 45%F0BER — 24%  Crude protein — 45% and lipid — 24% Iéjaﬁg?ﬁgﬁﬂiﬁjﬁ{t
Z 1k Nile tilapia (Oreochromis niloticus): 50% rep|acement of
$HEN - 36%F0BERE - 8%  Crude protein ~ 36% and lipid — 8% fishmeal on protein
2 [XHF White leg shrimp (Pennaeus vannamei: basis

——

M yEE - 35%F085E - 9%  Crude protein — 35% and lipid — 9%

| MEBAEMTE50%EH

50% replacement of soymeal on

protein basis
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%Eﬁﬁm Non-toxic Jatropha

Eﬁﬁm B ( Fos )
Jatropha platyphylla (non-toxic)
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Co-products (meal/cake) of non-edible oil-based biodiesel indust

HEAQ % BEk Toxic compounds

Crude protein

B Ricinus communis 27.1- 40 ERS e, BRI, ( 205 ) CB- 1A ::@6; Ricin , ricinine
(alkaloid), CB-1A (stable allergen)

1R Hevea brasiliensis 219 SEET ( TR T E S MMM ESEF ) Cyanogenic
glycosides (linamarin and otz Femagglutinin (antifertility factor)

EHE Crambe abyssinica 46 — 58 SMNEEIETRRIEITE ( EREE S Epi-progoitrin
(thioglucoside)}

=k 428-475 EBLE ( EETA AN | =) Cardiac glycosides
Thevetia peruviana (thevetim A, thevel g, Qlu ruv% and acetylated monoside)

EME  Azadirachta indica 450 -49.4 EDIEE ( ) T A LA zadirachtin (tetra-
nortriterpe ¥ |f§e@( L ids and nimbidin (sulphurous compound)

N

ke Pongamia pinnata 24.2 ke {&wﬁeﬁﬁq@é% (IEESEL SRS RS )
Karanjinin {ft? avo . antinutritional factors (phytates, tannins and protease
inhibitors & gl=4rin)

&0




W i =& mEY (TFE)

Camelina sativa or false flax - the Brassica (Cruciferae) family

" HHEQ : 36-40% g
(EELEERERNSRAEEER)
Crude protein: 36-40%

(rich in EAA including lys & meth)

" BhN40%E , ERMSEEREERE--S35FaiEt
At 40% incorporation CP and AA digestibilties slightly on the lower
side -- compared with those of canola meal

EEERSHREEKET | HRPIERFFHAMIZE18% T AR

Brassica juncea cake at up to 18% of the diet No ill effects, although at higher
levels of intake
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Black Soldier Fly or Hermetia illucens

1HAR - FKIBLR
Maggots: larvae of the housefly Musca domestica
EHRRERES | BT EMEHIA Protein

quality is generally high, similar to other animal meat sourte ™' e

» EBHEESE : 2950% Protein content: ca 50% —_—
JEIREEET R R EVNE B A MIIEIERE BifE = 0

Animal Feed Science and Technology

i/5. Fatcontentis variable, but in general a good sousce of
essential polyunsaturated fatty acids.
k. EEREERANEERR

A significant source ofiron, zinc and vitamin.A.

bk : TMEAHIEREFE , X2 El=ERL R
Challenges: Mass production at an industrial scale,

safety issue andregulatory aspects
FilE Source: Makkar et al (2014): AFST
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5 a8kl compared with fish meal
- BROGAERENHAE  RE2EHRFENTAR.

Insects tendto contain lower lysine silkworms are relatively rich in lysine.

- BRTREIN, SRMAERETERIR,

Sulfur amino acids tend to be lower, except for silkworms.

© DREKFAHIES , BERETES,

Threonine levels are roughly comparable but are greater for silkkworms.

- BERREKTRIE , bR EEEER.

Tryptophan levels are generally lower, exceptfor silkworms and housefly maggotmeal.

55 8t8EL compared with soybean meal
- FHEINNEEHTEEENEEFNEERAN , e Ean S SnE.

Silkworms and Diptera have a globally betteramino acid profile and could be better substitutes of fish
meal than soybean meal.
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&HProtein Bkt S H5Ah Lipgids &aE
Carbohydrate Ky Nucleic acid
HRBIES Ansbacna cyimarca 7555 % & Na
IKiETR LT Aphanizomenon flos-aguae 62 3 Na
FES Scenedesmus obligus 50-56 b 12-14 3-6
P EB#M-E Scenedesmus quadricauda 47 1.9 na
EENE Chlamydomonas rheihardii 48 21 na
tNERZE Chilorella vuilgaris 51-58 14-22 4-5
S B&/NER=E Chiorella pyrencidosa 57 2 na
IK#® Spirogyra sp. 6-20 11-21 na
i H = punaliella salina 57 8 na
BR=R:S Euglena gracilis 39-61 14-20 na
S ER . Prymuesium parvum 28-4 22-38 1-2
P A B Tewraseimis maculate 52 3 na
$RERE Porphyridium cruentum 28-39 b 9-14 na
FETMIRBES Spirulina platensis 46-63 O 4-9 2-5
(MR Euglena gracilis 39-@3 14-20 na
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iR Source lle Leu Val Lys Phe Tyr Met w* Thr  Ala Arg Asp Glu Gly His
’-.

EXEp 6.6 8.8 7.2 5.3 58 4.2 ' 265? 1.7 5.0 Na 6.2 110 126 4.2 2.4

FH8 Soybean 5.3 7.7 5.3 6.4 50 3.7 ﬁ‘.ﬂ 1.4 4.0 5.0 7.4 1.3 18 4.5 26

e 3.2 8.5 7.0 6.4 &na Na 53 94 6.9 8.3 13.7 6.3 2.0

Chiorella vulgaris

HESR 42 11.0 5.8 7.0 5. i | & 3 2 0.7 5.4 7.3 7.3 104 127 55 1.8

Dunalielta bardawil - -.

FIRERES Spirulina 6.7 9.8 71 4.8 0.3 6.2 9.5 7.3 118 103 5.7 2.2

patensis

KR 2.9 5.2 3.2 256 na 0.7 0.2 0.7 3.3 4.7 3.8 4.7 7.8 2.9 098

Aphanizomenon flos-

aquae 'ér) é\
B (NEKERMENEED 1g/ke (KRB

A& ERTs0%I RS ER (5 BRERRAI33%)
Optimum”(Chlorella Spirulina): 1 g/kg body weight

50% of soybean ein in diet can be replaced (33% of the total diet protein)




wE =i&14%EH EYEEIRNREER

Brown algae up to 14% CP Goodsource of
bioactive compounds
= mE50%5H it T B R R S
Red Algae up to 50% CP BRSNS (FERERIER
‘“:'EEHEI% ¥ Examples:
s 51X30%5H Laminarin & fucoidan from Laminaria species
Green algae up to 30% CP 'mpfrwe‘d p'glf’t T
IS performance (gut hea performance
* BRRERIET improvements )

Potential to give high yield per hectare

* RELERE : ZTFHR  BFIRFHHE  KHEEF , WEITELZE&IR

Future areas of work: Develop easy, cost effective & environmentally friendly large scale
production, harvesting & drying methods & tools

* [RE - EEE (#) , RE , S5E , IR 9% Constraint: heavy metals

(arsenic), pesticides, allergens, iodine & other minerals Makkaret al. (2016)




EREEHHEER
Intensive cultivation of
Moringa oleifera

= =2 (M SR/ ) HREE (% )
Yield Yield (tonsfhalyr) Concentration (% DM)
+Hm7== DM yield 126
&H Protein 21.4 17.0
¥ Sugar 12.6 10.0
SE¥R Starch 10.0 7.9

10%MH#3E T2 61 =25%EH

SEBFFE/ =321

10% leaf meali.e. 12.6tons = 25% protein
s,  Totalprotein yield/ha = 3.2 tons

=ZiH=2 — 3.5M/20 0 & &35%FEH
REAFE/AM=0.7-1.23 I§

Soybean = 2 — 3.5 tons/ha & has 35% protein
Total protein vield/ha = 0.7 — 1.23 tons

Z=FAmino acids ¥ AMoringa T HiSoymeal taifFishmeal
¥ BH Lysine 6.0 6.18 7.50
E5F Methionine 1.98 1.32 2.70

M EEE Cystine 1.35 1.38 0.80







® IKE R+ Pongamia seed ~ 1 i# Oil / 5

* H3E¥F Rapeseed EEAIRANSRIE

Enzyme assisted

® &1E¥F Sunflowerseed ;| cytraction
IKEEEH

* WRrF+#F Camelinaseed Hydrolysed proteins
® FeIMBT Jatropha kernels V' -




/33 AWCOFH/E )
3.3 Gt CO,eq/year

%Ej:}:‘lt}ﬁ I
MEBYRBEE—ER
3t largest emitter,
if food wastage was a

\ country /

Carbon

305 km3/=E
305 km’/year

R3S
7K AN 3!

3 times lake Geneva

(ST BRI
1.5 billion ha used to grow food
that is wasted

30%7MI At
\_ 30% ofagricultural land  /

1
and

Source: FAQ, 2013. Food Wastage Fooiprint: Impacis

on Natural Resources

TSI (1FA)

Socio-environmental costs
(under-estimate)

105501ZFET | &557RkAN(2012)
. USD-1055billion~ Economic costs (2012)

RYRENEERRE




UTILITATIORN OF FREUST AWHD VIGITANLE
WaARTIE A% LIVILTOCKE FITD AMD AT
FUBITRATLE FOK GIMHLRATIDN OF
RTHIA VALUE ADSID FROBUCTS

BEF1.32MEH ( 5E/130%)

1.3 Gt (309% of total) Wasted per year

BRNTA (E0) : KefnessRs (=A™ ))
Food processing sector(organized): Losses in
Fruit &Vegetable (million tons)

EDE 1.81 India 1.81
FE 320 China 32.0
= 15 USGA15
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Grasses, straws, stovers, domestic waste residues

SIS

Treaiments and Enzymes

= A AL S YR

Feeds rich in simple-carbohydrates

IEFTEEE

Need for animal nutritionist to keep an eye
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Eiﬂ%iﬁﬂﬂ?ﬁﬂz Suggested levels of incorporation

{F3#1EE Feed resources BiMKE  Suggestedieyels
EXKEEEA SR (MBE2-3A) : 5iA30% Growing pigs (2-3weeks

after weaning): up o 30%
5iE¥E : 5iA30% < Finishing pigs: up 30%
ZpEE : B1K50% Gestating sows: up to 50%

Dried distillers grains with solubles

Him Glycerine =iA15% “Mpto 15%

T e 2IA0% , RIEGRCRRERE

Camelina sativa expeller cake Up to 309 depending on glucosinolates level

T Brassicajuncea cake =iA18% Upto 18%

iS5 e R %D SV ibRIBEEARIA50%

Detoxified Jatropha curcas kernel meal Up to 50% replacement of protein from the conventional sources

ZShihai{ kD S EHREERRIA50%

Jatropha kernel meals from non-toxic genotype Up to 50% replacement of protein from the conventional sources
SNEIREEARIA50%

Ehh Insect meal Up to 50% replacement of protein from the conventional sources

{=tiE{"H Palm kernel cake 20-25% UHEE 20-25% ofthe diet



{558 Feed resources
BB Distillers grains

RN (ES)

Jatropha meal (toxic)
EhatiE (7o)

Jatropha meal (non-toxic)

Ficll=ER=Emn/H

Camelia & Brassica mealicake

E%¥} Insect meals

32 Seaweed

BRI

Meoringa oleifera leaf meal
E=iaEY)  Slaughterhouse waste
akE Food waste

OJgERIA R Possible undesirable substances

FasE. &, E2E. s B\ RS e Mycotoxins,
pesticides, heavy metals, high phosphorus, phytate, antibiotics, non-starch polysaccharides
kAR, BEEOEIGE, EEEL eSS

Phorbol esters, trypsin inhibitor, phytateé, curcin

EEEOEDHIN, B, ERrSEs

Trypsin inhibitor, phytate, curcin

iRECHEE, BEEEEEDHEE

Glucosinolates, trypsininhibitors

R&, EfE, TUEEEGT HFERARAE)

Pesticides, heavy metals, bio hazards (depending on the materials used for rearing insects)

BEEM, ERE N TR, SaRkeSUlEEEE, Mt SRR SYisTEER, s,
AR, TREEFAEE, IMHFAIAESE  Phlorotannins, heavy metals, minerals, complex
carbohydrates (such as alginates, sulphated fucose-containing pelymers & laminarin, agars,
xylans, salphated galactans, porphyrans & xylans)

BT/ S A H (i) Tannins and/or saponins (in some cultivars)

“tHRE Bio hazards
W&, FHAKE, SEs=. 2. T1eE

Pesticides, pesticide residues, mycotoxins, heavy metals, bio hazards
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Economic Main FEIEELSTE Novel feed resources

feature: promotes
S - REAEEMES

Do not compete with human foed

AZEFEIERR | BlFrmaEEd ERR T
2l o FER— BN BT M R kA
I Most of
the novel feedsare: co-products orare
produced by using agro-industrial by-products —
their use -- low carbon and water footprints and
low land requirement.

- gEFll, A=
Green industry, job opportunity

RIS RO : SR, E
BHEkS  BRETBiE, £reatrTa
S  Sustainable animal diets
Core traits: balanced in all nutrients,
free from deleterious compenents,
meet production objective, generate
animal products safe for human
consumption
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_@dn:ie Concluding remarks

"AEFEESRREEUA A , XEMEEEHEENRIRR , F78E
REZTHFEWAFE B IRPRI KRS B - R rJiFaet”

“An array of novel feed resource are available, which are good source
of protein and energy and can replace soymeal and cereals such as
maize in swine diets — enhancing sustainability of pig production

systems”
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Thanks for your attention
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