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Can we feed the world sustainably?
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Nutritional efficiency and animal productivity
must increase
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We must use a holistic approach to swine nutrition
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Public Health
antibiotic resistance
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Climate Change
heat stress
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Pathogen Transmission

feed ingredients

\ _mycotoxins )
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#@ Environmental Impact
Carbon, GHG emissions,
L N, P, Zn, Cu

Enhancing Caloric and
Nutritional Efficiency
high fiber diets

\__ precision feed formulation /

EFRR-ITRIEMIFSRIE- KRk N\ ( EAET- | - RERERERRYEX )
Nutrient Requirements
specific and non-specific
disease challenges

) \___defining optimal gut health

Pig Well-Being
oxidative stress
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We have already exceeded
planetary boundaries for N and P

- 2(ZR9=
2X for nitrogen (Hoff et al., 2017)

- BYKERTIMLZAIKFA106E
10X pre-industrial levels for P (Carpenter
and Bennett, 2011)
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A safe operating space for humanity
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tAEEE D R R EPRERFIAEEET
Poor nitrogen and phosphorus use efficiency and recovery from feed

to edible products

Measure}gtx LS AR
Dairy cattle Beef cattle Plgs Poultry

S[AFAAERE Nitrogen utilization efficiency, % 15-35 10-44 25-62
BRI FAER Phosphorus utilization efficiency, % 19-60 14 - 28 34 34 -58

Gerber et al. (2014)
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FEHEN S E/914.5%

Global food animal

production
contributes 14.5% to
total greenhouse gas
emissions annually
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Contributions to GHG emissions

e [A] & Beef — 35.3%
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SN EFRRESEP46.7%FKBETF ...
46.7% of GHG emissions in global

animal production is from...
- 15814 = feed production
- 1a Rl A0 T feed processing
- 1 *«lﬁiﬁﬁ feed transport

158 Feed...
BREFARRE PR, BARIEHIESF BFIHR
RREERE

- main contributor to inefficient use and losses
of C, N, and P in pork production systems




FHIREEERIR

Ingredient sourcing consideration

J& =1 Country of origin
o H¥R4E Biosafety
o JEER{EIBAINPFE Risk of pathogen transmissig
o H =3Bk Production practices
o SERRIE{X Deforestation

o FERL. /K. L HbF|FH Fertilizer, water, land use
b 4 7= Locally produced

A D IREE B I Less environmental footprint
{7 % R BT B2 /)\fk Supply chain disruption minimized
FEMIBEMMLN ? Adequate and consistent supply?
EZEHA 4% Embrace novel

sustainable sources
o EBE XM Insect meal

7E3% Seaweed
o HANTEEYIEK F Y Thermally processed food waste
B8 JE T 4545 1 Sk B Avoid anti-sustainability
sources

o ¥ Fish meal
» BEPKZ# Brazilian soybean meal




o BRSO R INE EiatR
Life Cycle Assessment environmental impact measures

HEFSHR Measure #HEIEFE Measure

L2BTIESTFIBZEK Global warming with land use change AEIEEUESM Human non-carcinogenic
toxicity
2B T ithFIEECRILEKELE Global warming without land use change FEI4EST lonizing radiation
pEthESf Terrestrial acidification K& . AKfEE Ozone formation, human
health
RkEE7#k Freshwater eutrophication REFH , FEttES RS Ozone formation, terrestrial
ecosystems
B¥=E5 Marine eutrophication EREREHEER Stratospheric ozone depletion
pEitt=E 7R Terrestrial eutrophication MmeEkiAzRE Fine particulate matter formation
phitiZSE= 1 Terrestrial ecotoxicity e EE Mineral resource scarcity
k&SRS Freshwater ecotoxicity R =EE%ELR Fossil resource scarcity
Y EESB M Marine ecotoxicity titFIE Land use

AFEHgESM Human carcinogenic toxicity xEEFIE Water use



BEFEFHRXER ( RiHKE ) EasFHRITE ( LCA ) fEiRRIXIRELES
Geographical comparison of LCA indicators for corn (farm level) using

economic allocation

3.5
3
2.5
2
1.5
-l .
0.5
, M H mme
Global warming with land use  Global warming without land use Land use
PEN— o S B HIBE
B Minnesota mU.S. @ Mexico 0OBrazil mCanada
BRfEFMAM <& SRPUEf Ef INEX

2018 GFLIZIEE 2018 GFLI Database



BFEFHBREMER ( RIHKE ) LCATSIFRIKIEELE:
Geographical comparison of LCA indicators for corn (farm level) using
economic allocation

1.2

1
0.8
0.6
0.4
0.2 ﬂ

0 R P I e [ ’—‘ [ ] .

Water use Fossil resource scarcity Terrestrial ecotoxicity
; 7k;ﬁﬁﬂﬁﬁMinnesota @ U.S. étﬁffzﬁoﬂ O Brazil @ Canada RS

2018 GFLIZUIRE BN mm  Emm mm o me

2018 GFLI Database



IAIREXR-SHEARYERESEYMRZNEEERR~ KR
Environmental impacts from feeding corn-SBM diets to grower-finisher pigs

varies among U.S. pork production regions

1000
900 867
800 745
700
600
500

476 436
400 330
300
200 111
100
11 5
0 ]

896

GHG emissions Water use Land use
N=] E/Eb{zﬁi FJ\J& 7_?1?;)?*'_?}55 fﬁﬂ%lﬁﬂ
] Midgggﬁ;s%lz @ M';‘é"ﬁﬁg?:ﬁ%ﬁc @ So#:tg[rzwest
Shurson et al. (2022) Midwest = 78%, Mid-Atlantic = 16%, Southwest = 7% of total U.S. hogs

SEEAIELLS) - PPEER= 78% , APGFHER= 16% , &= 7%



1% B BB (BUER) S RIIRFE AR D 2EERRY HE
Select and use ingredients with a high proportion of digestible
(recoverable) nitrogen to minimize excretion in manure

120
100
80
60 0
alidftN , g 83%
/IE\N 1 Kg 40
g dig. N/
kg total N 20
0
Corn Supermarket DDGS Soybean meal Meat meal Chicken by-
waste product meal

Ex BhERY DDGS =4 B3kl SSEIF R
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Select and use ingredients with a high proportion of digestible
(recoverable) phosphorus to minimize excretion in manure

50
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witeP , §°
JEP | Kg 15

10
g dig. P/

5 32% 63%
growal?

Corn Supermarket DDGS Soybean meal Meat meal Chicken by-

N waste product meal
e wmEF DDes =4 S TR




Bohkl A+ ES 1 Bin

Use multi-objective feed formulation

o 4 W24 Biosafe
* Bx{ER{ AN Best cost -

* F5HES FU1E Accurate nutritional values o eed

« k. BABERIFAREE C, N, and P

utilization efficiency ?
e LCAZRIER M LCA environmental Impacts &
o “IAREM” L “Functional” benefits £ I (( |



s st ASEREC S FER
Feed formulation practices to achieve
nutritional efficiency

e xI5TAMISARIAZ Use the most accurate systems
e J%#HE Netenergy
o REMFRAEC AL XK Standardized ileal digestibility of amino
o TRERAEL IFIEE{LE Standardized total tract digestibility of pho

o FEHRYERIE FR2H Y Accurate nutritional compositic
ingredients
o 1EZT9MFETE Near infrared spectroscopy
e JM 75 %2 Prediction equations

o Bt A9 F2RF B Upcycle with enzymes
» THFLES Phytase
» ¥EfE/E Qg Carbohydrases/proteases

 EIREEHRP{EHSHEEE Use crystalline amino

acids in low crude protein diets

o IREBRIEIEHETE 7rFoK{FMR Use accurate nutritional
requirements of pigs being fed




EHRERR. £ESHE. FFEEBRERFHIFEEERES
Ingredient composition differences among conventional swine diets,
ecodiets, and diets using local ingredients

BHRERKBR, % HEERKBR % M TRAIERBR, %
Conventional grower diet, % Eco grower diet, % Local grower diet, %
/NZE = Wheat = Triticale 22/\Z = Barley Kz " Wheat INE  m Triticale BNE m Wheat /NZE = Triticale . H/NE
RS Wheat midds = Peas S = Faba beans &S = Barley kg Wheat midds ;ﬂﬂiﬁ = Barley K= Wheat midds }/’(*é\
S2f;H = Rapeseed oil = Sunflower meal = Rapeseed meal 374 : :eas 4 ol g - gab; beans | e = Peas Fiz = Fababeans "L
5% =Soybeanmeal mOther ZX{{i apeseed ol E untiower mea %?E*EI = Rapeseed oil  #zyzsh ® Sunflower meal %TE*EI
= Rapeseed mea Soybean meal .. = Rapeseed meal = m Soybean meal =y
Eifts " Rapes sk =¥ AT o=
Eifth m Other it

de Quelen et al. (2021)



EHRER. ESERMNFEE BRIEE R IR SIET D
No differences in growth performance and carcass characteristics from

feeding conventional, ecodiets, and local diets

120 3
100 2.5
80 2
60 1.5
40 1
0 0

Fmal BW kg Carcass weight, kg Lean meat % ADG, k ADFI, k Feed Galn

fRfRER PEEO| S RkE FHRX Ak
] Conventlonal diet [@Ecodiet [M@Local diet B Conventional diet @ Ecodlet ] Local dlet
5=k ASHR AERBR 5=k 4SEKR AEEER

de Quelen et al. (2021)



ARESHR. FitFEEBREPEEINERZ N (LAkgiiEE/a )
Feeding eco-diets and local diets provided environmental benefits (kg weight

gain basis)
25

20

.
b
15
C

10

5 b b 2

2 b b II

o MEIF

Climate change Non-renewable Land occupation

SIRZE and fossil energy b5 A
demand )
AR BERERAN A RERTEK
B Conventional @Ecodiet @O Local diet

ZL AR EEER ABREEER

250 0.12
a b a a b a
0.08
150
0.06
100 b
0.04
50
0.02
0 0

Phosphorus Eutrophication Acidification
demand Eaat HbER(Y,
BERIREK

B Conventional @ Ecodiet @ Local diet

(EEAEE ASER ABERERBER

FEab,cFRRTEFEEN (P<0.05)

de Quelen et al. (2021)

ab,c Means with uncommon superscripts are different (P < 0.05)



FEEEEIRESTIMEIRARRER ( EX-SH. (EEBMDDGSHIR ) MEKBIEENA M ERNIRhESEMRER
EREFNBRIF AR
Precision feed formulation resulted in similar growth performance and carcass composition
of growing-finishing pigs fed corn-SBM, low CP, and DDGS diets in a 4-phase feeding

program

3

2.5

N

1.

(6]

[y

0.

(83}

o

140
b n 120
a
100
80
60
40
20
0
ADG ADFI Feed:Gain
Hig&s FYHXEE *4%:}3
E Corn-SBM ElLow CP EIDD
FXK-ZHA =] DDGS

abMeans with uncommon superscripts differ (P < 0.05)
a,b,cFEARFRERTEEM (P<0.05)

Initial BW, kg Fmal BW, kg
IES]

HCW, kg Yleld % Backfat, mm LMA, cm2 Carcass lean, %
PBRERE BE RAVERR  RAERZE
l Corn-SBM l Low CP @ DDGS
FK-EH ffEH DDGS

Yang et al. (2022)



HK-BILENRIEREX R ( £1000kglRFE ) EARBRZENESR
Relative environmental impacts vary among grower-finisher swine feeding
programs per 1000 kg carcass weight

160 B
140 —
120 -
100
80
60
40
20

%

B Corn-SBM HLow CP O DDGS
EX-E8H KEAH DDGS

Yang et al. (2022)



(AIRESRIE &R BIR TERIERISINIRZRFHEZR(GNBAE/R %)
Nitrogen retention and excretion (% of N intake) of growing pigs fed
common precision formulated diets

120

100

80

60

40

20

0

Corn-SBM Low CP+AA DDGS DDGS+AA
B Retained ™ Excreted
VLA HEt

Yang et al. (2022)
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Phosphorus retention and excretion (% of P intake) in growing pigs fed
common precision formulated diets without phytase

120

100

80

60

40

20 48.9

0
Corn-SBM Low CP+AA DDGS DDGS+AA

B Retained M Excreted
TR HEtH
Yang et al. (2022)



BHiRE SR NIAR
Excess dietary copper is an environmental problem

35 1000 1800
900
30 1600
800 1400
25
700 1200
g/3k3% 20 mg/kgTF4F% 600 g/ha 1000
g/pig mg/kg DM 500 g/ /A b
15 800
400
10 300 600
: 200 400
_ o | BN
Nutritionally Growth Manure Nutritionally Growth
Adequate Promotion Concentration Adequate Promotion
EFIE BEK HICIRE . SHAE (BEK
M Excretion M Intake B Nutritionally Adequate E557E B Annual Land Application.geE 1-1hF
N I] e
kit R E Growth Promotion {41 E Annual Crop Removal “FE{EYIERR

=Z7sH Nutritionally Adequate = 30 mg/kg diet (8 to 108 kg BW)

. < hP ion=17 kg di 28 kg BW 1 kg (2 108 kg BW
Jondreville et al. (2003) {44 Growth Promotion 5 mg/kg diet (8 to 28 kg BW) and 100 mg/kg (28 to 108 kg BW)
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Excess dietary zinc is an environmental problem

35 1000 2,500
30 900
800 2,000
25 700
g/3k3% 20 mg/kgF4IR :gg g/ha 1,500
e/vig . me/kg DM g/ A
400 1,000
10 300
5 200 500
100
0 0 0 [ ] ]
Nutritionally Growth Manure Nutritionally Growth
Adequate Promotion Concentration Adeguate Promotion
ERAE . RER SR = (R
W Excretion @ Intake W Nutritionally Adequate E#%75E B Annual Land Application ~&FE T 1tF F
Htt R & Growth Promotion {24k B Annual Crop Removal EEE{EYSIR

E77E Nutritionally Adequate = 100 mg/kg diet (8 to 108 kg BW)
Jondreville et al. (2003) B4 Growth Promotion = 2,000 mg/kg diet (8 to 13 kg BW) and 100 mg/kg (13 to 108 kg BW)



FrgpuE up-cy-cle

zma verb
AR A ERBOSFIAERIME , LSRR E S EEHNE 5

reuse discarded material in such a way as to create a product of higher
quality or value than the original

W &2

Upcycle Recycle

What is the difference?
XHERNXBIE2TA ?
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Feeding food waste to swine

increases efficiency of N use and
reduces N losses

« £EK Globally

o YEREFTHINZEZE41% N efficiency of pork
production is 41%

o BEHE31005M AT Could save 31 million tonnes
soybeans

o BETE20005 R4 Could save 20 million tonnes
grains

o BERIZD1600 5 RAY (RS Could reduce 16
million ha of land use

Uwizeye et al. (2019)



M Rip-ERptERPRI R mal -~ mhz=rFl A
Nitrogen recovery from post-harvest and pre-consumer food
waste sources

160

140

120

AN 100
Digestible N, g/kg 80
60

40
20
0

Fung et al. (2019)
Kerr et al. (2019)

Dehulled

Soybean Meal
A=

Corn

Supermarket

Food Waste
R RYITRR

Blood meal

m#3

Meat meal

Ll

Chicken by-

prodgct__ meal
PEHl Iagirer )



M Ri%-E LR mElFmAEaYFI
Phosphorus recovery from post-harvest and pre-consumer food
waste sources

16
14
12
10
AP o
Digestible P, g/kg
6
4
B N
0 . |
Dehulled Corn Supermarket Blood meal Meat meal Chicken by-
Soybean Meal K Food Waste m¥y ESksal product meal
PN AL EERYER YSEI=

Fung et al. (2019)
Kerr et al. (2019)



Rip-ERp—LAmElFmiiERSES T ERNSHE
Some pre- and post-consumer food waste sources have greater ME
content than corn and soybean meal

6,000
5,000
4,000
ME, kcal/kg DM
3,000
2,000
1,000
0
Dehulled Soybean Corn Household Source Cafeteria Supermarket
Meal K Separated BEIET B
s A Organics
FEERIRD BB

Fung et al. (2019)



S5EXRNSHAELL , siEiEEN | mElE a3 RN NE S
Pre-consumer animal- and plant-based food waste sources have much lower
environmental impacts than corn and soybean meal

4500
4000
3500
3000
2500
2000
1500
1000

500

0

4,152
1,043
596 616
310
l 140 118 47
I:I - L |
Corn Soybean meal Meat & bone Bread meal
B3 =ZH mg; s
RSi=E)
Bl Climate change @ Marine eutrophication

SR ErEE

50
45
40
35
30
25
20
15
10

5

0

4
24
17
12 10
6
ﬂ 02713036  0.110.520.11
Corn Soybean meal Meat & bone Bread meal
XK = meal Y
A E‘\I/\
Bl Freshwater eutrophication @ TerrestriaLgy_Er?p ]chation @ Acidification
RIKEEF fHiEEA THeER(E



S5EXRHZHELE . SiEiREEmEIEmY IR IR IES
Pre-consumer animal- and plant-based food waste sources have much
lower environmental impacts than corn and soybean meal

3.5

3.2
3 3.0
2.5

2.5

2

1.5

1.5

1
0.5

0

0.17

a0 0.05 o
Corn Soybean meal Meat & bone meal Bread meal
K =21 NEH EM

B Mineral & renewable resource depletion M Land use
RN AR RIS w27 3125



B RS SIS R
Upcycling nutrients through
insects

o BYIRARNIEYIZEEERBRTTREE
WHESEFRYEIR R
Food waste and animal manure
are being used to upcycle
nutrients into highly nutritious

feed ingredients




FEEL S EERIE LUK Low NE as % of GE (24 — 50%)
S4F4EHigh fiber content (25 — 59% NDF)

mm SEEHEKAFEE Inferior amino acid composition

o KRS RZAIEHIER CPEEIK(9-10%) Soybean hulls and beet
pulp are low in CP (9-10%)

o SEHIERATFEE Imbalance relative to pig’s requirements

o RESHEWER (74-7T7%)EZEE1K(34-44%) Digestibility
moderate (74-77%) to low (34-44%)

mm AahPAEEEEEASIN Most P as phytate

o iH{ZRME Low digestibility (33-65%)
o FHLEMESFREYIERRYEM Interferes with digestion of

other nutrients

oS ESHESE May contain mycotoxins

(EHE~mE , IRRE
FrAIRE , 'EJZJ"W 55
INEE RIS

Obstacles for achieving

greater nutritional
efficiency and reducing
environmental footprint
when using

co-products




ESERAERE—MEBINISRIFRA |
eall...

Solid-state fungal fermentation is
promising new technology that

can...

- EIFHREEBRPERNEALR - RINEFN
{& upcycle the nutritional value of high
fiber co-products used in swine diets

- HEINEESE increase amino acid content
- [EfRAFHE degrade fiber

- [ERIExRETF degrade anti-nutritional
factors

- tEfsEY phytate
- ZEEHZE mycotoxins

o BEREFHINERN
reduce environmental footprint of pork
production



IMERTISEE /TR RY BITR

Environmental sustainability/circularity goals

« [ERLCAZUEISRENFIAS R FIIE R EFXIIMERIFZN Use LCA
data to source ingredients and estimate environmental impacts of pork
produced

FERBEEFRECT | LUARIRIERIEFRIIER Use precision nutrition
formulation for optimal nutritional efficiency

> EkgEEER AR ERERYEER Reduce land and water
use/kg retail pork produced

i DEkgEERERMIC. N, P, CuflZnsZ0m Reduce C, N, P, Cu, and
Zn footprint/kg retail pork produced

MEMBEMEXEEBYRRRPHREFIFEFRS Upcycle nutrients

from high-value/low-risk food waste streams

IREIEEHEIFGEINFIPEIKER Increase N and P recovery of inedible
by-products

TR AR S HIRF4ERIFIFIZR Use technologies to enhance dietary

fiber utilization

(BRI BARCRVEF=F(ER Promote on-farm renewable energy

production and use




REBRGFERERIFRELEAR | BiJBHFENA I FERIHR
We can feed the world sustainably if we use environmentally smart feed formulation
practices




THE END
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