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* Reminder: most important attributes of ingredients for 
accurate feed formulation and value assessment:
• Metabolisable energy (ME)
• Protein / amino acids, particularly digestible essential amino acids

* Sorghum compared to corn (and barley and wheat) in 
this presentation ….

Sorghum nutritional attributes 
for broilers



* Sorghum starch content lower than corn (by about 
2%) but higher than barley and wheat 
• Sorghum starch typically about 62% as-fed 

* Sorghum amylose content similar to ‘normal’ (i.e. non 
waxy or high amylose) cultivars of other grains, 
typically 25-28% amylose and 75-72% amylopectin

* Sorghum starch resistant to gelatinisation
* Sorghum starch digestibility lower than corn (typically 

88% v 94%), attributed to effects of the phenol-kafirin-
phytate (sorghum ANF ‘Bermuda triangle’)

Starch



Starch gelatinisation –
hydration and disintegration

Intact granule Swelling

Swollen gelatinised 
granule + leached 
amyloseDisintegrated granules, amylose 

and amylopectin in solution



Fibre (NSP1 + lignin)

Total NSP1 Lignin Total fibre

Sorghum
Soluble 0.20 0.20
Insoluble 4.55 1.10 5.65
Total 4.75 1.10 5.85

Corn
Soluble 0.10 0.10
Insoluble 7.90 1.10 9.00
Total 8.00 1.10 9.10

Barley
Soluble 4.50 4.50
Insoluble 12.20 3.20 15.40
Total 16.70 3.20 19.90

Wheat
Soluble 2.40 2.40
Insoluble 9.00 1.80 10.80
Total 11.40 1.80 13.20

1NSP = non-starch polysaccharides

* Sorghum and corn are ‘non-viscous’ grains
* Sorghum total fibre lower than corn (and much lower than 

barley and wheat)



* Condensed tannins (proanthocyanidins) are not present in 
Australian sorghum

Anti-nutritional factors (ANF)

* However, some phenolic 
compounds (‘phenols’) are 
present (including pigments that 
colour the seed coat – yellow, 
brown, red etc)

* Seed colour is not an indicator of 
tannin or phenolic content (not all 
phenols are pigments)



* Some phenols are moderately anti-nutritive 
(depress starch digestion and glucose absorption?)

* Paradoxically, tannin-based products marketed for 
improving poultry health and performance, and as 
AGP alternatives

* Phenols, together with kafirin (sorghum storage 
protein) and phytate described in recent Australian 
reviews as the sorghum ANF ‘Bermuda triangle’

Anti-nutritional factors (ANF)



* Reported grain ME values measured by bioassay 
typically with no enzymes in test diets, fed to growing 
broilers

* Some variation in reported ME of sorghum as for all 
grains

* ME of sorghum no more, probably less variable than corn 
and certainly less variable than wheat

* Reported ME values for sorghum range from the same 
as, or a little higher or lower than corn

* Indicative average ME of Australian sorghum 
3,300 kcal/kg as-fed (12% moisture basis)

Metabolisable energy (ME)



* Crude protein (CP) of sorghum typical average 10%, 
range 8 - 12% as-fed

* Sorghum higher CP than corn (about 2%), similar to 
barley, lower than wheat

* Amino acid composition not constant ratio to CP
• As CP increases, essential amino acids generally 

lower as % of protein
* Amino acid composition of sorghum, corn, barley and 

wheat protein different

Protein and amino acids



* Protein digestibility high for all grains, but lower for 
sorghum than corn

* Digestibility differences mainly due to kafirin protein in 
sorghum (‘Bermuda triangle’)

* Standardised ileal digestible (SID) most common and 
widely accepted digestibility system for poultry

* Sorghum SID EAA compared to corn (as % CP and 
digestibility coefficients, Evonik AminoDat 5.0) ….

Protein digestibility



Sorghum and corn SID EAA1,2

as % of CP Digestibility coefficient
Sorghum Corn Sorghum Corn

SID EAA
Lys % 3.2 2.8 90 91
Met % 1.6 2.0 89 95
Cys % 2.0 1.9 79 89
M+C % 3.6 3.8 84 92
Thr % 2.6 3.1 83 89
Try % 0.9 0.7 87 83
Arg % 4.1 4.0 88 89
Ile % 2.9 3.3 90 98
Leu % 5.7 11.4 88 93
Val % 4.1 4.3 87 95

1SID EAA = standardised ileal digestible essential amino acid
2Evonik AminoDat 5.0



* Sorghum, with typically 2% higher CP than corn 
contributes more of all SID EAA except for Lys, Cys 
and M+C

* SID Try contribution of sorghum >2x corn
* SID Leu:Ile ratio similar for sorghum and corn (about 

3.2:1), both higher than barley and wheat, and much 
higher than ‘ideal’ (<1.6:1)

SID EAA contribution for 
typical grain crude protein (CP)



SID EAA1,2 content of 4 grains
for typical CP of each grain

Sorghum Corn Barley Wheat
Typical CP % 10.0 8.0 10.0 11.0
SID EAA

Lys % 0.20 0.22 0.31 0.27
Met % 0.16 0.16 0.15 0.16
Cys % 0.14 0.16 0.19 0.23
M+C % 0.30 0.32 0.35 0.39
Thr % 0.28 0.25 0.25 0.27
Try % 0.12 0.05 0.09 0.12
Arg % 0.34 0.33 0.40 0.46
Ile % 0.35 0.27 0.29 0.35
Leu % 1.10 0.89 0.57 0.66
Val % 0.44 0.35 0.40 0.43

1SID EAA = standardised ileal digestible essential amino acid
2Evonik AminoDat 5.0



Disulphide bond 
(or ‘disulphide bridge’ or ‘disulphide cross-linkage’)
* Examples:

• Prolamin proteins (kafirin in sorghum and zein in corn)
• Keratin (hair / feather)

Oxidation - reduction



* Prolamin storage protein in sorghum
* Kafirin similar to zein in corn
* In sorghum, total protein typically about 

55% kafirin / 45% glutelin

Kafirin

* Kafirin protein tertiary 
structure stabilised by 
disulphide bonds (covalent 
bond between 2 cysteines 
in close proximity

* Disulphide bonds in kafirin more
resistant to reduction (cystine → 2x 
cysteine) than disulphide bonds in zein



* Phytase
• Standard inclusion in sorghum feeds
• Sorghum phytate more resistant to phytase degradation than 

phytate in other grains
• Reasons for resistance not clear (kafirin and phenols impede 

phytase access to substrate?)
* Xylanase 

• Reported to improve sorghum performance (as for corn)
• Xylanase response not due to digesta viscosity reduction (low 

soluble NSP in sorghum and corn, ‘non-viscous’ grains)
* Protease 

• Reported to improve sorghum performance
• Lower digestibility of sorghum than corn protein indicates greater 

potential for protease response in sorghum
• but kafirin may be resistant to protease action

Enzymes



* Australian research with the reducing agent
sodium metabisulphite (SMBS) in sorghum feeds

* ME increased by SMBS
* Modes of action proposed:

• ‘Unlocking’ (reduction) of disulphide cross-linkages in kafirin 
• Depolymerisation of starch

* Dose response data indicates 0.15% SMBS 
increases sorghum ME by about 90 kcal/kg

* SMBS might improve enzyme responses?

Reducing agents



Reducing agent action on 
kafirin disulphide bonds

Reducing agent

Disulphide bond

Disulphide bond

Cysteine



Oil / linoleic acid 
* Higher in sorghum than barley and wheat, and lower 

than corn
* Linoleic acid >1% in typical high sorghum feed, 

sufficient for broilers
Vitamins and minerals

* Similar in sorghum, corn, barley and wheat, 
differences commercially irrelevant

* Total and phytate P in sorghum slightly higher than 
corn, considerably higher than barley and wheat

Pigments for skin colour 
* Carotenoids of yellow corn not present in sorghum (or 

barley and wheat)
• Other pigment sources may be needed if yellow corn replaced 

by sorghum



* High PDI more difficult to achieve with sorghum than 

other grains (low Feed Pellet Quality Factor)

* Sorghum high starch gelatinisation temperature

* ‘Moist heat’ of cooking sorghum for food known to 

promote disulphide cross-linking in kafirin protein

* Not known if sufficient disulphide bonds are formed by 

conventional steam pelleting to materially depress 

protein and starch digestibility

Pelleting

Mycotoxins
* Australian sorghum low mycotoxin contamination 

(open seed head v enclosed corn cob, dry conditions 

at harvest, good storage after harvest)



Pelletability and starch 
gelatinisation temperature

Pelletability 
(FPQF1)

Starch 
gelatinisation 
temperature

Sorghum 4 68-78ºC
Corn 5 62-72ºC

Barley 5 52-60ºC

Wheat 8 58-64ºC
1FPQF = Feed Pellet Quality Factor (Borregaard 
LignoTech)



* Proven, reliable grain for poultry, including broilers
* Nutritionally similar to corn but with higher CP and without 

yellow pigment
* Nutritional value for poultry established and Australian 

research showing ways to further increase ME and protein 
digestibility (reducing agents, enzymes)

* Low mycotoxin contamination
* Commonly used at high levels in Australian broiler feeds

• Sometimes used as only grain, but usually with some 
wheat (for higher PDI)

* Not well understood or accepted for broilers in Asia?
* Should be considered for your situation and used when 

economic

Sorghum
Take Home Message



Sorghum and corn look 
different ….

…. but are nutritionally similar for broilers



Feature Unit Sorghum Corn Barley Wheat

ME broiler kcal/kg 3,300 3,350 2,9001 3,2001

Protein % 10 8 10 11

Starch % 62 64 50 58

Oil % 2.8 3.5 1.9 1.9

Fibre total % 5.9 9.1 19.9 13.2

Pigment yellow nil present nil nil

NSP enzyme
added in 

feed
nil> nil?

β-glucanase 
+ xylanase

xylanase

Mycotoxin risk low ? low low

Pelletability FPQF2 4 5 5 8

Indicative features of 4 grains

1with NSP enzyme
2FPQF = Feed Pellet Quality Factor (Borregaard LignoTech)



Thank-you
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timwalkerau@gmail.com
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