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value and opportunity
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World grain

Australian grain industry

Value and opportunity:
applications in pig feeds
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Barley as a world
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Barley (Hordeum vulgare L.)

Ancient grain, many types, grown on all continents
except Antarctica

Differs in:

 Number of seeds on the head (2- and 6- row)
 Presence or absence of hull

e Spring or winter (vernalisation)

e Starch type (normal or waxy)

« Aleurone (seed) colour

 Feed, forage and food applications
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World grain production
2017/18

mmt (million metric tonnes)
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Wheat  |[IHIHIHIRIITIINNTT 759
Rice  JINMNNINNINILIN 486

Barley [N 142

Sorghum ||| 59 WASDE, March 2018
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World barley production

and exports

Production Exports
O 20 40 60 80 0 2 4 6 8
European Union [T 58.7 European Union [N 6.0
Australia [l 8.0 Australia - [[HIIITITHIIITITITILL 5.8
Russia [l 20.2 Russia  [IIIIHIKKINMIIIIIN 5.2
Ukraine [lll 8.7 Ukraine  [[HIIIHIANIININNL 4.9
Argentina [l 3.2 Argentina [ 2.1
Canada [l 7.9 Canada [lllll 1.50

(mmt) (mmt)
USDA, March 2018
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Predominantly 2-row, spring type barley
— malting characteristics

High quality storage facilities and
management

Robust and reliable grading systems for
grain trade from paddock to end-user

Generally harvested under low moisture
conditions - low risk for mycotoxins and
contaminants
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Australian barley

Domestic feed use and applications

Production typically about 8 o
Mmt/year 8 o

5.5 Mmt/year feed grade
o 2.5 Mmt/year malt grade

e Grown in same regions as
wheat and sorghum

* Generally used in combination
with wheat and/or sorghum O aegic Aol oy Proton

GIWA sslimatos 2013-2016

Kt o Mo L

) Austaiian Expon Graing innovaian Canere. 2016
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Australian stockfeed

production

(thousand metric tonnes)

B e et R 317 6
iy I 3221
B roiler I, 294 2
Layer  MMMITTHTIIIIH 793

Pig M 1406 Feed barley typical use
| 1.3mmt/year domestic consumption
Other [ MMIMIMINININ 761 4.2mmt/year exported
0 1000 2000 3000 4000
SFMA 2016
Australian Barley Quality Technical Workshop — China 2018 @ aegic __#;__ PR, ) BAH'LEI”J

2018HE- mAFIMAZERERATITIS sl ey G eyt G s st ALSTRALIA



Raw material use In
Australian livestock

feeds %

0 20 40 60
Wheat - 4.0
Barley  lmmumumumumumumimmm 2 4
Sorghum  imimimmm 9
Vegetable protein  lmmmmmmm 1.0
Animal protein i 3
Fats & Oils 11
Co-products  [mmmmm 1.0
Molasses 1 1
Minerals & premix il 2
% Feed barley typical use in pig feeds
SFMCA 2016 c.150-200 ktonnes per year
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Barley is a useful grain for
pigs - but it is not wheat and
It IS not corn

Chemical and physical differences —
Composition, grain size, bulk density and hardness
contribute to differences in formulation, handling and

milling
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% Concentrations of key
Tl nutrients for pigs

AusBarley? | AusWheat?

Moisture 13.3 13.6 11.8 10.7 10.1
Protein % 10.1 8.2 12.7 10.8 12.1
Fat % 1.8 3.7 2.4 1.9 2.0
Fibre % 4.6 2.2 1.5 3.6 1.8
Starch % 52.2 64.1 59.6 57.6 67.6
Choline 1027 1100 800 nd nd

mg/kg

DE swine 12.8 14.2 15.0 13.2 14.2
MJ/kg

a Evapig, 2018; P TSS Grain intake report, 2017
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Digestible (SID) amino acid and
selected mineral contents of

corn, barley and wheat at typical
protein content

Barley Corn  Wheat

Protein % 10.1 8.2 12.7

SID essential amino acid? —
Lysine % ( 0.42 0.19 0.29
Methionine % O o 0.16
M+C % 0.42 0.33 0.34
Threonine % 0.34 0.25 0.26
Arginine % 0.65 0.35 0.40
Isoleucine % 0.37 0.27 0.29
Valine % 0.52 0.35 0.42
Calcium % 008 O- 0.07
Av. phosphorus % QO.36 0.26 0.34

~— — 1 Evapig 2018
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Physical differences
between barley, corn and
wheat

100 Grain Weight (g)

Bulk Density (kgm™)  Raw 620 720 750
Bulk Density (kgm™) Milled 630 720 820
Particle size (mm)?® 0.617 0.894 0.544

Gelatinization

temperature (°C) 52-59  62-72  58-64

&hammered through 3.2 mm screen
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Starch Granules are imbedded
in a matrix of protein bodies
and cell walls...

il R A E DR R

« Digestion only commences when cell walls are disrupted
o Cell walls are the fibrous/structural components of grain -
non-starch polysaccharides (NSP)

Figures, after Black et al., 2010, Svihus, 2010
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Non-starch polysaccharides
(NSP) affect hydration,

enzymolysis and digestion

In corn - insoluble NSP pose a
physical barrier to hydration and
enzymolysis

In barley and wheat - the
presence of soluble NSP alter

viscosity in the gut
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http://upload.wikimedia.org/wikipedia/en/a/a3/Cellulose_spacefilling_model.jpg

Non-starch polysaccharide
(NSP) content of common
feedstuffs

Corn

Wheat 8.1 0.8 2.0 0.1 0.5 11.5
Barley 7.9 4.3 3.9 0.2 0.5 16.8
SOYOEE 6.0 6.7 6.0 16  11.0 |31.3
meal

LRk 4.0 5.8 8.0 05 110 |293
meal

PR 1.3 0.1 5.0 328 01 |420
Kernel meal

NSP are found in all feedstuffs after Choct et al., 2006
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Typical non-starch
(i ._;-,.f‘polysaccharlde (NSP) content
‘ ' of barley, wheat and corn

Soluble 4.5
Insoluble 15.4 10 8

NSP are associated with the cell
walls of grains

Same cultivar — different years; blue
colour indicates effects of season
and environment on cell wall content
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NSP enzyme
Ug.g1

Intake gd-! 1270 1253

Daily gain gdt 552 580 704

Feed:Gainratio 2.3 2.2 1.9

Feed:Gain SEM 0.25 0.21 0.07
after Hosking, 2014; laboratory study, n=8 pigs
o
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Enzyme addition can
reduce variability In
performance
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Applications of barley
grain in pig feeds

The ideal amino acid pattern of dietary protein for growers and breeders

AMino acids Weaners Growers Finishers Lactating Pregnant
5-20 kg 20-50 kg  50-100 kg SOWS SOWS
Lysine 100 100 100 100 100
Methionine 30 30 30 30 30
Methionine + 55 60 65 55 55
cystine
Threonine 63 67 70 60 60
Tryptophan 18 18 18 18 18
DE MJkg* 15.0 14.0 13.2 14.0 13.0
Avallable 0.75 0.65 0.55 0.55 0.4
lysine:DE

Australian barley can be used in any type of pig feed if attention

given to SID formulation after www.daf.gld.gov.au
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Applications of barley

grain in pig feeds
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Indicative composition (%) and analysis of Australian pig feeds

omposition Grower | Finisher [Analysis Grower Flnlsher

Wheat 10% 40.07 36.16 DE MJ/kg 14.2

Barley 11% 25 35 Protein % 18.4 15.8
Veget'able 6.1 7 Ffat % 5.2 5.0
proteins Fibre % 4.53 4.72
Animal proteins 5.1 2.6 Calcium % 0.94 0.91
Tallow 2 2 Av. Phos % 0.43 0.39
Macro minerals 1.15 1.65 Av. Lysine % 1.0 0.85
Synthetic AA 0.426 0.39 Av. Lys: DE 0.7 06
Grower Premix! 0.2 0.2 gm/MJ ' '

lincludes NSP and phytase enzymes

Key features: more than one grain; formulated to SID amino acids; use of NSP and phytase

enzymes; only 4% soy bean meal; no corn after Edwards, 2014
" - .
Australian Barley Quality Technical Workshop — China 2018 @ aeglc __%_'__ PR, BAHLEY!

2018FHE- BAFTWAZRERATITE e e e st o ot Tr e e Gmion R R ALSTRALIA



Influence of
processing

3.2 2.0 1.6

Barley" 0.617 - -
Corn? 0.894 _ _
Wheat! 0.544 0.529 -
Wheat® 0.614 - 0.39
Ulceration® 2% 21%

Gidley et al., 2010, Briggs et al., 1999%; Hansen et al., 2005°

Particle size differs with grain-type and hammermill screen size
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Barley particle size
distribution

after milling

Milling increases
the surface area
available for
hydration and
digestion

Particle Size (mm) Starch NDF (g/100 g) WSI (%)
(g/100 g)
0.25 30.9¢d+ 1.9 35.12+ 0.6 8.0°+0.19
2.8 51.12+1.0 14.09 £ 0.01 0.79+0.11
Unsieved 49.92 + 0.25 20.1¢+ 0.03 4.29+0.16
Barley milled through 3.8mm screen; mean particle size 1.03 mm after Gidley, 2010
s sy e -omoe Qaegic B [L.L)  smed



Barley vs sorghum -
particle size

1.00 mm
60%
Large particles — contain more
starch D
e digested more slowly & less 5]

o
F

o
o

completely than small SR
particles
e show big differences between

i
N
)

grains
= —e— Barley 2.80mm
% 61 —=— Sorghum 2.80 mm
g 4
0 T T T T 1
0 5 10 15 20 25 30
after Gidley et al., 2010 Time ()
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Barley 1.00mm

Sorghum 1.00 mm

Time (h)

Starch Digestibility (g/100g)

1.00 mm

0.2380503082

0.1801563283

3.6089551205

1.991692727

5.3407454713

3.3406101365

10.5267784304

5.975656693

25.3787410745

16.6209649409

62.0706491871

32.8023336674
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				sorghum

				hour		0.45mm		0.125mm		0.250mm		0.5mm		1mm		1.7mm		2.8mm		Control

				0.0		1.1		0.8		0.8		0.3		0.2		0.1		0.2		0.2

				0.5		8.6		6.4		5.0		2.7		2.0		1.2		0.8		3.5

				1.0		14.3		11.6		8.2		4.7		3.3		2.0		0.9		5.8

				2.0		24.5		20.5		15.4		8.9		6.0		3.4		1.7		10.3

				6.0		62.2		61.1		43.8		24.5		16.6		8.6		3.1		29.2

				24.0		92.7		92.9		81.3		50.5		32.8		17.2		4.9		56.0

				barley

				Hour		0.045mm		0.125mm		0.250mm		0.5mm		1.00mm		1.7mm		2.8mm		control

				0		2.625944289		4.4841910008		3.3820317287		0.739264647		0.2380503082		0.1030269704		0.1110965424		0.3793969785

				0.5		23.1520940755		22.9994542646		17.7124147876		9.2627433981		3.6089551205		1.666916737		0.9133435668		5.8913911433

				1		33.2740701098		34.000228411		27.6335602586		14.9748769539		5.3407454713		2.7608495243		1.3209441928		10.0507577019

				2		59.0312875337		57.4108102376		47.3504814299		26.024167682		10.5267784304		5.0833195673		2.595447942		18.1856404503

				6		93.6872009261		91.6687548877		89.4367639465		61.4494077348		25.3787410745		12.7356516918		6.131378058		33.9886371891

				24		100.3325921137		100.1197303764		101.1265208694		99.582949983		62.0706491871		26.6204513809		10.4595507988		64.8478077965
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Barley 2.80mm

Sorghum 2.80 mm

Time (h)

Starch Digestibility (g/100g)

2.80 mm
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Particle size effects

barley digestion

e Particles >2.8mm were shown to be digested less than
particles >1mm

 Wheat-barley diets disc milled at different settings to
create “fine” (500 — 600 micron) and “coarse” (1000 —
1100 micron) products. The diets were fed ad libitum

as pellets.
Disc Setting

Dgw Sgw SD Dgw Sgw SD
Average 0.6 0.41 2.0 1.1 0.96 2.3

Dgw = geometric mean diameter; Sgw = geometric standard deviation of particle diameter
SD = standard deviation of the mean diameter

after Edwards, 2014
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Particle size matters:

disc milled barley

| Fine |Medium| Coarse | P-Value | SEM __

Grower Pigs
ADG gd™ 810 836 839 0.228 7.58
ADFI kgd™ 1.71 1.77 1.81 0.116 0.02
Feed:Gain 2.09 2.11 2.15 0.154 0.012
Finisher Pigs
ADG gd™* 961 951 960 0.709 5.38
ADFI kgd™ 241a 2.52b 2.56b 0.011 0.021
Feed:Gain 2.51la 2.64b 2.60b 0.001 0.019

after Edwards, 2014

Mortality 1.5%; N>3400 pigs
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Key findings:

| N A
TN N e disc mill study
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Adjusting grind size from 1100 to 600 micron
had no effect on ADG but reduced feed intake

2.6% improvement in Feed:Gain in the
grower phase and 5.6% improvement in
the finisher phase

Feed saving of $3.50 per pig or c.AUD20 per
tonne

Reminder - processing can have as much effect on
feed performance as grain selection — similar
outcome to US work with corn-based diets

-y - .
Australian Barley Quality Technical Workshop — China 2018 @ ae lc M_;*' .4 J
2018 E- MAFITAZREBRATIIR w360 =l vy



Barley: value and
opportunity
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 Barley is a world grain in cultivation and use
« Australian barley is clean, low moisture and low risk

« Barley is relatively high in fiore — with advantages and
disadvantages depending on how you use it

o Itis suitable for all types of pigs
e Barley provides more amino acids and more P than corn

* [t mills easily and generally yields a more favourable
particle size than corn (< 1mm)

" - .
Australian Barley Quality Technical Workshop — China 2018 @) aeglc #’ e 1 4 BAH'LEYJ
2018 E- BAF| T AZERERAH TS e g s g e e T e G o e AUSTRALIA



Take the

opportunity!

Check what

standard | you bought

Don't buy a Testfor DE & SID amino

nutrient
content —
NIRs
and adjust
formulations
if necessary

problem

Australian Barley Quality Technical Workshop — China 2018
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Use more
than 1
grain

digestible
nutrients

Manage risk
acids — think —
nutrients not  using 2 or

ingredients  more grains
assists to
minimize
product
variation
© aegic k3
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Consider
using an
enzyme

Monitor
process
conditions

Target complex
particle size Multiple
c.500um; glucanase
minimize  and xylanase
particles  activities can
<400um or reduce
>800um product
variation
s i+ BAHLEYJ



Thank you
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