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 احخياجاث انطاقت وامكاوياث حىفزها فً جمهىريت مصز انعزبيت :
 

 لاحخياجاث انطاقت وحطىيزهابيان مقارن ( : 1جدول )
 فً جمهىريت مصز انعزبيت فً انفخزة مه 1822/1821 انً 2002/2002

 اٌىحذة بٕىد اٌّماسٔت
 فخشة اٌّماسٔت

1891/1892ػاَ  2002/2009ػاَ    اٌخـيش 

     أولًا : محطاث انخىنيد : 
ثِيداوا لذسة حىفيش اٌؽالت اٌؽهشبيت اٌّشوبت   5332 22593  

 ِشاث 10+  125 1238 )ٍِياس ويٍىواث ساػت ( اٌؽالت اٌىهشبائيت اٌّىٌذة 
 ِشاث 6+  2339 431 )ٍِيىْ ِشخشن ( ػذد اٌّشخشويٓ بشبىت اٌىهشباء 

 ِشاث 4-3+  1660 521 ويٍى واث ساػت ِخىسػ ٔصيب اٌفشد اٌسٕىي ِٓ اٌؽالت اٌىهشبائيت

     ثاوياً : محطاث انمحىلاث : 
 ِشاث 6+ اوثش ِٓ  22000 12500 ِيدا فىٌج اِبيش سؼاث ِحؽاث اٌّحىلاث ػًٍ اٌدهذ اٌفائك واٌؼاًٌ 

 ِشاث 5+  286 9236 اٌف ويٍى ِخش  اؼىاي اٌخؽىغ واٌىابلاث ػًٍ اٌدهىد اٌّخخٍفت 

     ثانثاً : وخائج ححسيه اداء شبكت انكهزباء : 
خشاَ ِاصوث ِىافئ ٌىً  اٌحشاسيت ِؼذي اسخخذاَ اٌىلىد باٌّحؽاث ِخىسػ 

 ويٍى وساث ساػت 
346 21938 - 36*% 

 
 ٔسبت اسخخذاَ اٌـاص اٌؽبيؼً 

 
% ِٓ اخّاًٌ اٌىلىد 

 اٌّسخهٍه

 
2833 

 
21 % 

 

  98   ِخىسػ احاحت ِحؽاث اٌخىٌيذ ٔخيدت ٌلاهخّاَ ببشاِح اٌصيأت 

     رابعاً : حطىر انطاقت انمائيت : 

حؽاث اٌّائيت اٌمذسة اٌّشوبت ٌٍّ % ِٓ اخّاًٌ 13+  2942 2445 ِيداواث  
 اٌمذساث اٌّشوبت

  15510 10215 ٍِيىْ ن3و3ط اٌؽالت اٌّىٌذة 

     خامساً : انطاقت انجديدة وانمخجددة : 

 ** 305  3َو3 اٌمذسة اٌّشوبت ٌّضاسع اٌشياذ 

 ٌىهشباء واٌؽالت (وصاسة ا)اٌّصذس : 
وساػذ ػًٍ رٌه  1891/1892% ِٕز ػاَ 36اء ِصش فً خفط ِؼذي الاسخهلان اٌىلىد بٕسبت ٔدحج اٌششوت اٌمابعت ٌىهشب* 

الاخز بٕظاَ اٌذوسة اٌّشوبت فً ِششوػاث ِحؽاث اٌخىٌيذ حيث حؼًّ اٌىحذاث اٌبخاسيت بحشاسة ػادَ اٌىحذاث اٌـاصيت واظافت 
اٌخىٌيذ راث اٌمذساث اٌىبيشة والاخشاءاث اٌّسخّشة  % ِٓ لذسة اٌىحذاث اٌـاصيت دوْ اسخخذاَ ولىد اظافً واسخخذاَ وحذاث50

وِاصاٌج  1891/1892% ِٕز ػاَ 3935ؤدحج ششواث اٌىهشباء فً حخفيط ٔسبت اٌفمذ وحممج ٔداحاً ٌحىاًٌ  0ٌخحسيٓ الاداء 
 0خؽػ اٌششواث ِسخّشة ِسخهذفت خفط هزٖ إٌسبت سٕىياً فً حذود اٌّخؽػ ٌىً ششوت 

% حساهُ اٌؽالت 20ٌخصً اٌؽالت اٌّىٌذة ِٓ اٌؽالت اٌّدذدة واٌّخدذدة اًٌ  3َ2020و3 ػاَ  2200اًٌ ** ِخؽػ اخّاًٌ اٌمذساث 
3َو3  25200% ِٓ اخّاًٌ اٌؽالت اٌّىٌذة ِٓ اٌشبىت ، وِٓ اٌّخىلغ اٌىصىي اٌحًّ الالصً اًٌ 12% وؼالت اٌشياذ 9اٌّائيت 

 0ياس خٕيت باٌخّىيً اٌزاحً واٌمشوض ِٓ اٌّؤسساث اٌّاٌيت اٌؼاٌّيت ٍِ 2635وحبٍؾ اٌخىٍفت اٌخمذيشيت ٌٍخؽت حىاًٌ  2012ػاَ 
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Energy conversion and renewable energy sources 
Introduction

Energy conversion
array

Wind mills
Kinetic energyMechanical energy

raw energy
Fossil fuelsnuclear fuelsElectrical power

Fundamentals of energy conversion

The Greek energeia : en, “in” ; ergon, “ work”

The product of mass (m)Length (L)Time (T)ml2 / t2

Within the constraint of the conservation lawgraviatational
kineticthermalelasticelectricalchemical 

radiantnuclearmass

Renewable energy sources 

fossil fuels

fossil fuels

serious repercussions
natural and agricultural ecosystems

hydrogen isotope deuterium
(gesthermal energy) terrestrial heat

virtually pollution- free sources

Types of natural renewable energy
Solar energy

intensity

 ــــــــــــــــــــــــــــــــــــــــــــــــــ
 0خاِؼت اٌماهشة  –اسخار ؿيش ِخفشؽ بىٍيت اٌضساػت  –: أ3د / سظا ػًٍ اٌّصذس 
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inexhaustible

Visible light
Infrared radiationUltraviolet light

Electromagnetic radiation
Thermal energyElectrical energy

Flat – plate collectors 
Concentrating collectors

Collectors
Collector

Flat – Plate collectors

Carries fluids

Concentrating or Focusing or Collector

Solar Furnaces
The arrays of carefully aligned mirrors

 steam – turbine – electric – generator power plant.α 

Photovoltaic cells
Semi conductor

Voltage  α Single photovoltaic cell

Most present – day photovoltaic cells

Communications satellites

The potential for solar energy is enormous

Gallium arsenide solar cells
Semi conductor cells
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Large parabolic concentrators and heat engines of the stirling engine type

Wind mills
Water wheels

Grinding grain, pumping water and darining lowland areas
Hero of Alexandria

Water – driven paddle wheelPiston pumpWind organ 
Wind driven grain mills

Persian mills

Iran – Afghanistan border

Had a vertical shaft with paddlelike sails radiating outword and were located in a building with 
diametrically apposed openings for the inlet and outlet of the wind. 

Intermittentdiffuse

grew discernibly

Conventional steam – turbine power installation
Water turbines

Water wheels
Sawmillsbellows actionForges

to drive tilt – hammers or trip – hammers for forging iron

Textile mills
steam power

rikaled

Toilquerns
The Greek geographer Strabo, King Mithradates VI of Pontus in asia

Presumably a water wheels
Slowly supplanted

Obsolescent

Moving water
Hydroelectric power plants

Hydraulic turbines

Hydroelectric power plants
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The rance river estuary in Brittany, france
Hydraulic turbine – generator unitsharness

Ocean tides
Geothermal Energy

Geothermal energyGeothermal reservoirs
The commercial geothermal power plant

Larderello, Italy

Greothermal plants
The principal U.S. plantGeysers

Steam Field

Argeo

Ocean thermal energy
Ocean thermal energy conversion (OTEC)

OTECJacques-Arsine d`Arsonval.
Closed – cycle systemOTEC pilot plants

asecndary working fluid
heat exchanger

gyNuclear ener 

Atmoic pile
nuclear fission reactorself-sustaining
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heavy nucleiU.S. Manhattan project
World war II

fultscale commercial nuclear
Calder Hall, Eng.

radioactive isotope uranium 235

Hans A. Bethe
Deuterium

 

 
Biofuels and Biomass

Fossil fuels

The modern carbon cycle

Global warning

boost

Types of bio fuels
Biomass

photosynthesis
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 household refuse
 

 energy forestry
 

 biogas
 

biogas
fire wood

biogas
biodiesel

biomass
gasolinegasohol

fast-growing treeswood chipsswitch grass

microalgae
biomassBio – Oilbiomass

pyrolysis

RTE
:

RITE and Honda jointly develop new technology to produce ethanol from cellulosic biomass 
 

Research Institute of Innovative Technology for the Earth (RITE) and Honda R& D Co., Ltd., the Honda motor Co., Ltd. Soft – biomass

Co2

Counter measureGlobal –warming

RITE

The RITE-Honda
RITEPaves the way 

 Soft-biomass 
 Saccharification 
  
 Refinement 

soft-biomass
obstacleRITE
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The  RITE-Honda process
RITE strain

The RITE-Honda process
An energy sustainability society

Pursure research

bio-refinery
commodities

                 (Separation)           (Saccharification)                     (Alcohol Conversion) 
 
  Process Image  
                                             Cellulose 
                    High temp.                                                                                                   Distilation 

               Biomass    High Pres.                         Enzyme           Sugar       Microorgansim       Purification         Ethanol 

                                 Fermentation 
                                 inhibitor

 

 
  

  
  
 

 

In conventional processes. 
Fermentation inhibitors interfered 
Microorganisms convert sugar into 
Alcohol. 
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Calories vs. BTU`S Depate

*- One kilocalorie (4.187 Joules) = 3.969 British Thermal Unit (BTU). 
*- One Bushel of corn weighs, on everage 25 kilo grams. Which translates into 112.500 food – calories. 

fossil fuel extender or replacer
thermal energyBTU

BTU

BTU

biodiesel

aggravate
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Spot cargoes
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Bio fuel 

Fossil fuel

Fossil fuels
Fossil fuels

The modern carbon cycle
global warming

energy securityeconomic boost
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renewable energy resourcefossil fuel
Solar and wind energy

Bio fuelArgo fuel
BiomassBiomassHeating or powerwood

Biomasscompustible matter
millennia

Bio fuelenergy securityFossil fuels
Nobel LaureatesNitrous oxide (N2O)

BiodieselBioethanol
global warmingCooling by fossil fuel

replenished
Type of biofuels

biomassbiomass
photosynthesis

Biomass

 

Energy policyNational Renewable Fuel Standard

 
 energy forestry 
 biogas

 

biogasfire wood
charcoal

biomass
bioethanolbiodieselbiomass

Gasolinegasohol
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woodchips - fast-growing trees, or crops such as switch grass to be used 
Biodiesel

biodiesel
micro algae

Biomassbio-oilbiomasssaw dust
°°°°

pyrolysis

Efficiency of conversion
Biofuel use

gasoline
GasolineThe European Union (EU)

EU
fossil fuels

gasolineFlex-Fuel
biodieseldiesel

EUbiodiesel
biodiesel

tial negative effects of biofuel productionPoten 
politiciansScientistsEconomistsbiofuels

renemable energy sources
biofuel

How bio fuels work
Basic operation and description

Biomass 

Spent Fuels

biomass

Biodegradable waste
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TimberRice husksStrawdecomposed food
SewageBiogass

Bio-diesel

set back 
alarming rise

biomass
 

 

Bio-diesel
biomass feedstock   lignocellulosesBiomass system liquid technology 

DMFDMEfischer-tropsch Bio- diesel, bio-methanolHTU diesel
mixed alcohols

bio-ethanolbio-dieselbiogasalcohol-based fuel

 

 

nitrous oxides 
Basic Maintenance

E10gasohol 

E20E85
engine fuel system

 
e basic principles of technologyTh

Bernulli
uncompressible liquid

The general energy preservation low for a flow of an ideal uncompressible liquid (no internal friction).  

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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ρv2/2 + ρgH + P = const, 

ρ  
density of the liquid

V
Velocity of the flow

Hheight of the liquid 
P   Pressure

the constantthe full pressure
Bernulli

HConst  ρv2
/2 + P = const

Bernulli
 Bernulli

bernulli
 

Bernulli

Bernulli principle 

                                   pgH + Po = pv2 /2+ Po 

Poatmospheric pressure
Hthe high of the liquid in the vessel
voutflowing fluid velocity
v(2 gh )^  0.5

Toricelli formula
free falling object

feedstockQuality of the feedstock oil

 
Rapeseed oil fat and acid composition 

Acid 
name 

  
OSTU 46.072:2005 

 (Ukraine) 
Cimbria Sket GmbH 

 (Germany) Typical example 

  

Eruca acid, % 
 

 

  >5% <5% (5% tolerance for every acid) 

C14:0 <0.2 <0,2   0,1   

C16:0 1.5-6.4 2.5-6.0   5   

C16:1 <3.0 <0.6   0,7   

C17:0 - -   0,1   

C17:1 - -   0,2   

C18:0 0.5-3.1 0.8-2.5   1,8   

C18:1 0.8-60 50.0-65.0   57,9   

C18:2 11.0-23.0 18.0-20.0   21   

C18:3 5.0-13.0 6.0-14.0   10,3   

C20:0 3.0 0.1-1.2   0,6   

C20:1 3.0-15.0 0.1-4.3   1,4   

C20:2 <1.0 -   -   

C22:0 <2.0 <0.6   0,3   

C22:1 5.0-60.0 <5.0   0,6   

C22:2 <2.0 -   -   

C24:0 <2.0 <2.0   -   

C24:1 <3.0 <2.0   -   
  

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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Minimal energy consumption

" Single pass ' reaction
 hydrodynamic technology transesterification

                        Table (2): Quality of the Biodiesel is in compliance with ASTM D-6751 and EN 14214 Standards  

No. Specification ASTM D-6751 EN 14214 
BiodieselMac

h fuel 
 specification 

1 Methyl esters content, % - >96.5 97.9 
2 Density at 15C, kg/m3 - 860-900 882.4 
3 Viscosity at 40C, sq.mm/s 1.9-6.0 3.5-5.0 4.24. 
4 Closed vessel flashpoint, degrees C >130 >120 161 
5 Sulfur, mg/kg <0.05 (%) <10 0.016 
6 Cetane number >47 >51 52 
7 Sulfated ash, % (m/m) <0.02 <0.02 0.01 
8 Water content by weight, % <0.05 <0.05 0.01 
9 Copper strip test <No. 3 Class 1 Compliant 

10 Acid number, mg KOH/g <0.8 <0.5 0.22 
11 Methanol content by weight, % (m/m) - <0.2 0.1 
12 Monoglycerides by weight, % (m/m) - <0.8 0.6 
13 Diglycerides by weight, % (m/m) - <0.2 0.1 
14 Triglycerides by weight, % (m/m) - <0.2 0.13 
15 Free glycerine by weight, % (mm) <0.02 <0.02 0.01 
16 Total glycerine content, % (m/m) <0.24 <0.25 0.25 
17 Iodine number - <120 61 
18 Phosphorus content mg/kg <0,001% <10 10 
19 Group I metal content (Na, K) - <5.0 - 
20 Group II metal content (Ca, Mg) - <5.0 - 
21 Maximum carbonating ability, % - 0.3 0.03 

Minimal dimensions of the modules 

transesterification

 thermovacuumhydrodynamic 

No Specification Value 

1 Feedstock processing capacity, dm3/min 8…14 

2 
Methanol w/catalyst mixture consumption, 

dm3/min 0,1-0,3 

3 Oil vessel volume, dm3 50 

4 Methanol vessel volume, dm3 12 

5 Finished product vessel volume, dm3 30 

6 Oil and methanol temperature, degrees C 40…70 

7 Heater power consumption, kW 1,5 

8 Pump drive power, kW 2,8 

9 Total power consumption, kW 4,5 

10 Power supply, 3-phase 
240VAC @ 

60Hz 

11 Maximum dimensions, mm   

  length 865 

  width 755 

  height 1250 

12 Maximum unit weight, kg 250 

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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Versatility of the equipment
biodiesel

depressants
 hydrodynamic-

Diesel blending 

polymericcollisions
parafinstoxic exhaust

diesel fuel

free redicals
HOH

free organic radicals
Parathin

onsbitumen emulsi-Water
cold technologies

asphalt – concrete

gravel

Blend of biodiesel and petroleum diesel

feed stock
KOHfeed stock

hydrodynamic

polymeric

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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Blends of biodiesel and petroleum diesel 
Hydrodynamic

fuels-Basic technical points about the making and use of bio 
- Rudolf Diesel 

- 

fossil fuel

detonation
kits

VWBMW
 

- 

 
- 

esterificationtrans- 
-  trans-esterification

Triglyceride

caustic soda
The bio-power

 
- trans-esterificationfossil fuel

fossil fuel
 

- BMW

CE 
the bio-power process

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  :انمصدر 
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Steenblik,

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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Steenblik, Doornbosch,

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  : انمصدر
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 0 2009وِا ، ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة س –حاٌت الاؿزيت واٌضساػت  انمصدر : 
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر : 
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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Syngas

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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F.O.LichtAglink-Cosimo

RajagopalNaylor

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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Worldwatch Institute ,

 

 0 2009اٌضساػت ٌلأُِ اٌّخحذة سوِا ، ِٕظّت الاؿزيت و –حاٌت الاؿزيت واٌضساػت  انمصدر :
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Kapur, 

Rajagopal

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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 KimDale 

Rajagopal

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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SteenblikKoplowQuirkeSteenblikWarner

  

  

  

  

  

  

Steenblik

YUTao

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر : 
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Taheripour , Tyner

 0 2009زيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ، ِٕظّت الاؿ –حاٌت الاؿزيت واٌضساػت  انمصدر :
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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F.O. LichtAgling-Cosimo

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر : 
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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 0 2009ا ، ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِ –حاٌت الاؿزيت واٌضساػت  انمصدر : 
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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 0 2009ٌلأُِ اٌّخحذة سوِا ، ِٕظّت الاؿزيت واٌضساػت  –حاٌت الاؿزيت واٌضساػت  انمصدر : 



- 66 - 

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر : 
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 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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Fargione ; The Royal Society ;Searchinger

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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Fargione

RighelatoSpracklen

Tollefson

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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DoornboschSteenblik

Enkvist Naucler
Rosander

Dufey

Fischer

Fischer

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :
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Naylor
Searchinger

Nayolr

Comprehensive Assessment of Water Management in Agriculture

de FraitureGiordano
Yongsong

RungeSenauer

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  انمصدر :



- 72 - 

 

Hilll;TilmanHillLehman

  

HillTilmanLehman

Curran;SoykaPalmerEngel
NelsonRobertson

 0 2009ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخحذة سوِا ،  –حاٌت الاؿزيت واٌضساػت  : انمصدر
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The Royal Society

TilmanHillLehman

 0 2009ذة سوِا ، ِٕظّت الاؿزيت واٌضساػت ٌلأُِ اٌّخح –حاٌت الاؿزيت واٌضساػت  انمصدر :
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The ethanol production process
Corn Milling, Processing and Generation of Co-products 

syrupssweetenersstarchesoilsethanolanimal feeds

Yellow dent corn

ornComponents of yellow dent c
Starh 

Corn oil 

Protein 

Fiber 

Moisture 

the percentage of industrial use

The new bio-based product initiatives

Corn as feed stock for other organic chemicals, nutraceuticals and bio degradable polymers and fibers.

Wet milling 

Dry milling
 rocessPilling W etWorn CThe  

. 
co-product 

 gluten meal    corn gluten feed and corn



- 75 - 

 

 

shelled corn

steep tanks

Condensed corn fermented Extractives

Corn Germ Meal (wet or dried)

screens

Corn Gluten Feed

starch and gluten slurry

Corn gluten meal, 60% 

protein

 

 

 

 
  

 

   

 

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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 US Grains Council, 2006         2006 مجه  انحبى  الامزيكً انمصدر :   
 

Isolated steep water, bran, germ meal and gluten 

Average Yield 
Per Bushel 

31.5 IbsStarch 
12.5 Ibs Gluten Feed 
2.5 Ibs Gluten meal 
1.6 IbsCorn oil 

products-milling major co-Wet
 Condensed corn fermented extractives 

Or corn steep liquor is a high-energy liquid feed ingredient. The protein value analyses at 25% 
on a 50% solids basis. 

pellet binder

 Corn green meal 

Acarrier of liquid feed nutrients

 Corn gluten feed 
fibrous portions
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 Corn gluten meal 

Rumen by pass protein

ADF
NDF

rocessPilling M-ryDorn CThe 
Co-product

distillers wet grains
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The beverage

WW IImunition

 

  

 
 

  

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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 US Grains Council, 2006         2006 مجه  انحبى  الامزيكً انمصدر :   
  

Currently Iegislative issues are before congress that could triple the demand for ethanol as an 
oxygenate component in gasoline. 

shelled corn arrives at the facility 

the mashing and fermentation

slurrypH (5-6)180 - 195°F

liquefaction

liquefactionthe mash is cooked

Glucoamylase

Yeast species , Saccharomyces cerevisiae

as a beer

Sitlagethe yeast microbes

the fermenter

the bearto strip away th ethanol

as whole stillage

thin stillage

evaporatorcorn condensed distillers soluble

wetcakewetcakecondensed soluble

rotary drayercorn distillers dried grains with soluble
Average yield per bushel 

 
2.7 gallons Ethanol 

18 Ibs DDGS 
18 Ibs CO2 
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products-milling major co-Dry

 lers Soluble (CDS)ondensed DistilCCorn  

the evaporated co-products of the grain fermentation industry

CDSCDS

the original substratethe process used

Evaporation proceduresCDS

CDS

CDS

boost consumptionCDS

free flowing to semi-solid liquid similar in viscosity to molasses

CDS

CDS

poorer quality roughages

 Corn Distillers Dried Grains with Solubles (DDGS) 

DDGS

the more nutritionally valuable microbial types

DDGS

DDGS

DDGSBypass protein 

DDGS

 a very versatile grain
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DDGSDDGCDGWDG

ADF
NDF

-  
-  
-  

WDG
DDGDDGS

CDG
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 US Grains Council, 2006         2006 مجه  انحبى  الامزيكً انمصدر :   
 

DDG
DDG

 

Source: American Coalition for Ethanol (ethanol.org) and Renewable Fuels Association (ethanolrfa.org)
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Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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1 bushel corn ~2.8 gal  

ethanol 

~18 lb  

CO2 

 
Items, Nutrients 

 
Shelled Corn, (dry) 

Dried Distillers 
Grains with 

Solubles 

Dry matter, % 88 89 

TDN, % 88 99 

NEm, Mcal/lb 0.98 1.13 

NEg, Mcal/lb 0.65 0.75 

Crude protein, % 9 30 

Crude fiber, % 2 8 

Crude fat, % 4.3 11 

Calcium, % 0.02 0.05 

Phosphorous, % 0.30 0.90 

Potassium, % 0.4 1.0 

Sulfur, % 0.12 0.90 

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA 
CORN BOARD, Nebraska University Lincoln 
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Table (15): Ethanol conversion factors for grain feedstocks per unit of feedstock 

Commodity Ethanol conversion factor 
Barley 1.40 gallons per bushel 
Corn-wet mill 2.65 gallons per bushel 
Corn-dry mill 2.75 gallons per bushel 
Grain sorghum 2.70 gallons per bushel 
Wheat 2.80 gallons per bushel 
Source : USDA 

 
 
 

Table (16): Ethanol conversion factors for sugar feedstocks per unit of feedstock 
Commodity Ethanol conversion factor 

Corn 98.21 gallons per ton (2.75 gallon per bushel) 
Sugarcane 1/ 19.50 gallons per ton 
Sugar beets 2/ 24.80 gallons per ton 
Molasses 3/ 69.40 gallons per ton 
Raw sugar 135.40 gallons per ton 
Refined sugar 141.00 gallons per ton 

1/ Bases on 2003-05 U.S average raw sugar recovery rate of 12.26% per ton of cane and sucrose recovery 
from cane molasses at 41.6 pounds per ton of sugarcane. 

2/ Bases on 2003-05 U.S average refined sugar recovery rate of 15.5% per ton of beets and sucrose 
recovery from beet molasses at 40.0 pounds per ton of sugarbeets. 

3/ Bases on an average sucrose recovery of 49.2% per gallon of cane molasses. 
 
 

 
Table (17):Ethanol conversion factors for sugar feedstocks per gallon of ethanol 

Feedstock Feedstock quantity per gallon of ethanol 
Corn 0.0101 tons (0.36 bushel) 
Sugarcane 0.051 tons 
Sugar beets  0.040 tons 
Molasses  0.0144 tons (2.45 gallons) 
Raw sugar 0.0074 tons (14.77 pounds) 
Refined sugar 0.0071 tons (14.18 pounds) 

 
 
 

Table (18): Ethanol average sugar beet production and production and processing costs for sugar, 2003-05 
 U.S Great Lakes Red River Valley Great Plains Northwest 
  (cents per pound of refined sugae) 

Production costs      
Variable cash costs 5.596 6.050 5.136 6.253 6.275 
Fixed and other non-cash expenses 7.539 7.924 6.893 9.190 8.347 
Total Production costs 13.134 13.974 12.029 15.443 14.623 

Processing costs:      
Variable cash expenses 10.779 10.993 10.993 10.460 10.460 
Fixed cash expenses 1.060 1.132 1.132 0.955 0.955 
General and adminstration 0.545 0.425 0.425 0.703 0.703 
Pulp drying and marketing 1.209 1.158 1.158 1.276 1.276 
Total processing costs 13.593 13.707 13.707 13.394 13.394 

Credits:      
Dried pulp 1.928 2.051 2.051 1.752 1.752 
Molasses 0.388 0.412 0.412 0.350 0.350 
Other 0.156 0.166 0.166 0.143 0.143 
Total credits 2.472 2.629 2.629 2.246 2.246 
      

Total processing costs less credits 11.121 11.078 11.078 11.149 11.149 
      

Total production and processing costs 24.255 25.051 23.107 26.592 25.771 
      

Total variable costs credits 13.902 14.414 13.500 14.467 14.490 
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Table (19): Net feedstock cost per gallon of ethanol, 2003-05 
 Corn Dry 

Milling 
Corn Wet 

Milling 
Sugar 
beets 
1/2/ 

Sugar cane 
1/2/ 

Raw Sugar  
3/ 

Refined sugar 
4/ 

Molasses 
5/ 

 (bushel) (bushel) (ton) (ton) (ton) (ton) (ton) 
Market price, dollars 2.16 2.16 39.15 28.90 422.00 509.00 63.0 
        
Ethanol byproduct prices:        
DDGS $/ton 92.08       
Corn glutewn feed, $/ton  66.30      
Corn gluten meal, $/ton  269.0      
        
Starch (corn)/ sucrose, % 72 72 17.6 13.8 96 100 49.2 
Gallons of ethanol 2.75 2.65 24.80 19.50 135.40 141.00 69.40 
        
Net feedstock cost, $/gal 0.53 0.40 1.58 1.48 3.12 3.61 0.91 

1/ Sugar beet and sugarcane sucrose percent includes sucrose recovery from juice including molasses. 
2/ Market price for sugar beet and sugarcane based on 2003-04 average. 
3/ U.S average raw sugar price. 
4/ U.S. average wholesale refined beet sugae price. 
5/ Molasses price based on 2003-04 prices in New Orieans, Houston and South Florida. 
 
 

Table (20): Estimated ethanol feedstock and production costs for molasses, raw sugar and refined sugar 
feedstock 

 Molasses Raw sugar Refined sugar 
Feedstock required (tons/gallon) 0.0144 0.0074 0.0071 
    
Feedstock price ($/ton) 63.00 422.00 509.00 
Feedstock cost ($/gallon) 0.91 3.12 3.61 
Ethanol operating costs ($/gal) 1/ 0.36 0.36 0.36 
Total cost ($.gal) 1.27 3.48 3.97 

1/ Based on 2003-05 average ethanol dry mill operating costs with adjusted energy expenses, less enzyme expense. 
 
 

Table (21): Comparison of estimated ethanol production costs for various feedstocks ($/gal.) 1/ 
Cost itwm U.S. 

Corn 
wet 

milling 

U.S. Corn 
dry 

milling 

U.S. 
Sugarcane 

U.S. 
Sugar 
beets 

U.S. 
Molasse

ses 3/ 

U.S. Raw 
sugar 3/ 

U.S. 
Refined 
sugar 3/ 

Brazil 
Sugae 

cane 4/ 

E.U. 
Sugar 

Beets 4/ 

Feedstock costs 2/ 0.40 0.53 1.48 1.58 0.91 3.12 3.61 0.30 0.97 
Processing costs 0.63 0.52 0.92 0.77 0.36 0.36 0.36 0.51 1.92 
Total costs 1.03 0.05 2.40 0.35 1.27 3.48 3.97 0.814 2.89 

1/ Excludes capital costs. 
2/ Feedtock costs for U.S. corn wet and dry milling are net feedstock costs, feedstock costst for U.S. sugarcane and sugar 

beets are gross feedstock costs. 
3/ Excludes transportation costs. 
4/ Average of published estimates. 
 
 

Table (22): Estimated capital investment costs for alternative sugar feedstocks 

Feedstock 

Plant size (million gallons per year – MGY) 
20 MGY  

($ per gallon of capacity) 
40 MGY  

($ per gallon of capacity) 
Corn $ 1.50 $ 1.30 
Sugarcane $ 2.10-$ 2.20 $ 1.63-$ 1.68 
Sugar beets $ 2.10-$ 2.20 $ 1.63-$ 1.68 
Cane/beet juice $ 1.35-$ 1.45 $ 1.05-$ 1.10 
Cane/beet molasses $ 1.30-$ 1.40 $ 1.03-$ 1.05 
Source: PRAJ Industries 

 
Table (23): Annual capital  invesrment expense for alternative feedstocks 1/ 

Feedstock 

Plant size (million gallons per year – MGY) 
20 MGY  

($ per gal. Capacity) 
40 MGY  

($ per gal. Capacity) 
Corn $ 0.14 $ 0.12 
Sugarcane $ 2.20 $ 0.16 
Sugar beets $ 0.20 $ 0.16 
Cane/beet juice $ 0.13 $ 0.10 
Cane/beet molasses $ 0.13 $ 0.10 
1/ Assumes 20 year investment at a 7 percent rate interest 
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 The stoichiometric (theoretical ) yield of ethanol from sources : 
= 1076 pounds of ethanol / ton of sucrose. 
= 538 Kilograms of ethanol / metric ton of sucrose. 
= 163 gallons of ethanol/ton of sucrose. 
= 680 liters of ethanol / metric ton of sucrose. 

 
Maximum obtainable yield: 

= 154 gallons of ethanol / ton of sucrose 
                ( 94.5% of theoretical yield) 

 
Practical ethanol plant operation yield: 

= 141 gallons of ethanol / ton of sucrose 
                (86.6% of theoretical yield) 

 
Ethanole production from feedstocks (using 141 gallons per ton of sacrose conversion factor): 
 

(1) Sugarcane = 12.24% raw sugar recovery rate, plus 41.6 pounds of sucrose from cane molasses 
                      1 ton of sugarcane  = 235.0 pounds of sucrose from raw sugar. 
                                                                        and 41.6 Ibs of sucrose from molasses 
                                                         = 276.6 pounds (0.1383 tons) sucrose. 
                                                         = 19.5 gallons of ethanol 
                      Or 0.051 tons of sugarcane per gallon of ethanol produced . 

(2) Sugar beets = 15.58% refined sugar recovery rate. Plus 40.0 pounds of sucrose from beet molasses  
                      1 ton of sugar beets  = 311.6 pounds of sucrose from refined sugar. 
                                                                        and 40.0 pounds of sucrose from beet molasses 
                                                            = 351.6 pounds (0.1758 tons) of sucrose. 
                                                            = 24.8 gallons of ethanol 
                      Or 0.040 tons of sugar beets per gallon of ethanol produced . 

(3) Molasses = 49.2% total sugars as sucrose  
                      1 ton of molasses      = 984 pounds (0.492 tons ) of sucrose. 
                                                           = 69.4 gallons of ethanol 
                      Or 28.8 pounds of molasses per gallon of ethanol produced . 
                      Or 2.45 gallon of molasses per gallon of ethanol produced . 
                                        ( using a conversion of 1.0 gallon of molasses =11.74 pounds of weight) 
 

(4) Raw sugar  = 96.0% total sugars as sucrose  
                      1 ton of raw sugar      = 1920 pounds (0.96 tons ) of sucrose. 
                                                             = 135.4 gallons of ethanol 
                      Or 14.77 pounds of raw sugar per gallon of ethanol produced . 

(5) Refined beet sugae  = 100.0% total sugars as sucrose  
                      1 ton of refined sugar = 2000 pounds (1.0 tons ) of sucrose. 
                                                             = 141.0 gallons of ethanol 
                      Or 14.18 pounds of refined sugar per gallon of ethanol produced . 
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DDGS)Distillers Dried Grains with Solubles (DDGS 
5-02-843 (IFN)

DDGS
WDG

The Distillers Solubles 

The condensed Distillers Solubles 

  
  
 

 

 
 

 

 
 

 
  
 

 
 

NDF 

  
  
  
  
  
  
  
  
  
  

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :



- 89 - 

 

  
  
  
  
  
 NDF 
  
  
  

GMO Corn Affect the Quality of DDGS: 

  
 CPRUPRDP 
  
  
  
  

 
 

 
 

FTI 225

The Factors to be Considered When Feeding WDG: 

  

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :



- 91 - 

 

  
 

 
  
 

 

DDGS
The Nutrient Analysis of DDGS and its Contain from Minerals and Amino Acids: 

DDGS

Common DDGS The Nutrient Analysis of

DDGDDGSCDS

ADF % 

NDF % 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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The Differences between DDGS, Corn Gluten Feed and Corn Gluten meal: 
  
 

DDGS
DDGS 

 

 
DDGS

NRC
DDGS

The Analysis Needed to Evaluate DDGS

ADFNDF
ADIN

The Economic Advantages of Using Rumen by Pass Protein: 

  
  
  

The Ideal Use of DDGS with Cattle
  
  
  
 

 

The Factors that might Affect DDGS Flowability:  
  
  
  
  
  
  
  

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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Factors which Affect Pellet Durability of DDGS:  

  
  
  
  
  

Special Precautions for Handling and Storage of Wet or Dry Distillers Grains with Solubles: 
 DDGS

 
  
 DDGS 
 

 
 

The Suggested Solutions to Increase the Storage Period of WDG:  
  
  
  

The Difficulties Facing Handling and Storage of DDGS: 
  
  
  
  

The Factors which Cause Caking and Arching of DDGS during Storage and Handling: 
  
  
  
  
  
  
  
  

:Undergradable Protein Determination in Rumen 

Goede Ken et al., 1990
In Situ

roductsUnavailable Protein Calculated in Burnt P
ADINADIN

ADIN

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :



- 93 - 

 

 
 

 .  
 

  
 .  

 
  .

 
 

 .  
 

 .  
 

  
 .  

 
 .

 
%) 

-   .  
-  .  
-   .  
-   .  
-   .  
-   .

 
 

.  
 

 
 . 

 
  

  
  .  

  
 50 .  

  .  
  16.5

 .  
  .  
  

 .  

 0عمم هذي اندراست بمساعدة انصىدوق الاجخماعً نهخىميت وحدة انمشزوعاث انصغيزة / حم  –انمجه  انقىمً نهمزأة  انمصدر :
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 تسهسم عمهيات إنتاج انكحول من انمولاس

:  
  .

 0وحدة انمشزوعاث انصغيزة / حم عمم هذي اندراست بمساعدة انصىدوق الاجخماعً نهخىميت  –انمجه  انقىمً نهمزأة  انمصدر :
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 0وحدة انمشزوعاث انصغيزة / حم عمم هذي اندراست بمساعدة انصىدوق الاجخماعً نهخىميت  –انمجه  انقىمً نهمزأة  انمصدر :
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 0وحدة انمشزوعاث انصغيزة / حم عمم هذي اندراست بمساعدة انصىدوق الاجخماعً نهخىميت  –انمجه  انقىمً نهمزأة  انمصدر :
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 0وحدة انمشزوعاث انصغيزة / حم عمم هذي اندراست بمساعدة انصىدوق الاجخماعً نهخىميت  –انمجه  انقىمً نهمزأة  انمصدر :
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 0وحدة انمشزوعاث انصغيزة / حم عمم هذي اندراست بمساعدة انصىدوق الاجخماعً نهخىميت  –انمجه  انقىمً نهمزأة  انمصدر :
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 0وحدة انمشزوعاث انصغيزة / حم عمم هذي اندراست بمساعدة انصىدوق الاجخماعً نهخىميت  –انمجه  انقىمً نهمزأة  انمصدر :
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Weat (Triticum aestivum L. ) 
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Sugar can ( Saccharum officinaram ) 
Sugar beat ( Beta vulgaris ) 
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Oil / Fat
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D8

Conia 
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E , B

Rice ( Oryza sativa ) 

Maize or corn ( Zea mays ) 
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 Rice straw 
Back and still black

EGP

ParticulatesBlack clouds
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Agricultureal disposals
sewagegarbage

CO
Carboxy-Hb component

Biomass Energy
biomass

Renewable energy

8 MJ/kg for green wood – 20 Mj/mg for green dry plant matter

H.H El Sersy and N.A. Metawe (2005) : Manufacture of agriculture derived fuel (Adf) from Ric Straw. Journal for 
environmental sciences. Vol3 No. 1 March 2005: PP. 9-31 center fro environmental research and studies. 
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Burning contribution to global emissions 
 

Species Biomass Burning 
(Tg element/year) 

All Sources 
(Tg element/year) 

Biomass 
Burning, % 

Carbon dioxide (gross) 3500 8700 40 

Carbon dioxide (net) 1800 7000 26 

Carbon monoxide 350 1100 32 

Methane 38 380 10 

Nonmethane 24 100 24 

Hydrocarbons 8.5 40 21 

Nitric oxide 5.3 44 12 

Ammonia 2.8 150 2 

Sulfur gases 0.51 2.3 22 

Methyl chloride 19 75 25 

Hydrogen 420 1100 38 

Troposphere ozone 104 1530 7 

Total particulate matter 69 180 39 

Particular organic Carbon  19 <22 >86 

Elemental carbone (black soot)    
 

Manufacture of fuel from rice straw 

RSDFpressingextrusion or pelletizing

molding or rice straw drived fuel (RSDF)
shreddedbriquetted
compressors

Rural areas

  
  
 Pelletizedpellets
  
  
  

 
 
 
 
 
 
 

H.H El Sersy and N.A. Metawe (2005) : Manufacture of agriculture derived fuel (Adf) from Ric Straw. Journal for 
environmental sciences. Vol3 No. 1 March 2005: PP. 9-31 center fro environmental research and studies. 
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Raw Materials
Rice straw 

the chemical composition 
a) 26% Cellulose.                            
b) 22.2% Hemi cellulose      
c) 12% Lignin                                    
d) 16.8% Ash                                     
e) 9.7% Silica                                     
f) 3.7% Wax                                     
g) 9.6% moisture content         

Elemental composition 
a) 41.78%  Carbon                         
b) 4.63% Hydrogen                    
c) 36.57% Oxygen                         
d) 0.7% Nitrogen                       
e) 0.08% Sulfur                              
f) 0.37%  Chlorine          

The heating value 
               The heating value of Rice straw is 16.28 Mj/kg 

The nutritional composition of residue for livestock feeding of rice straw 
 

a) 3.1% crude fat        
b) 7.7% Nitrate compound           
c) 39% crude fiber                                      

Additives 

 High calorific value.                                                   
 Non toxic.                                                                    
 Low sulphur content (non corrosive).              
 Low lead content.                                              
 Low price.                                                                                 
 Easy to handle.                                                                       

Coke
Coke specifications 

Physical : (measured at the blast furnace) Mean Range 
Average coke size (mm) 52 45-60 
Stability 60 58 min 
CSR 65 61 min 
Physical : ( % by weight )   
Ash 8.0 9.0 max 
Moisture 2.5 5.0 max 
Sulfur 0.65 0.82 max 
Volatile Matter 0.5 1.5 max 
Alkali (K2O + Na2O) 0.25 0.40 max 
Phosphorus 0.02 0.33 max 

 

H.H El Sersy and N.A. Metawe (2005) : Manufacture of agriculture derived fuel (Adf) from Ric Straw. Journal for 
environmental sciences. Vol3 No. 1 March 2005: PP. 9-31 center fro environmental research and studies. 



- 118 - 

 

Molasses and Venasse

Molasse and Venasse composition (wt%)
Product 

 
Component 

Molasses Venasse 

Water 20.8 50 
TDS 79.2 50 

 Sucrose 35.7 4 
 Glucose + fractose 17.3 15 
 Ash 9.9 3 
 Organic matter 16.6 28 

 
Experimental Techniques

Shredding 
Hydrostatic driverotary shear 12-02 series 

 Shredding area : from 700* 722 mm to 1300* 722mm.                                      
 Shaft diameter: 150 mm. 
 Electric power: 2* 55 KW.                                                                                         
 Rotation speed: 5 a 25 t/min.                          
 Weight: 5850 kg ( machine only).                                                                                           

Immobilization time : the two rotors can be replaced in half a day by one person. without 
dismantling the machine body. 

Pelletizing
hydraulic manual press

Calorific value measurement 

Fuel samples formulation
Composition 

 
Sample 

 
Rice straw 

 
Coke 

 
Molasses 

 
Venase 

1 80 20 - - 
2 90 10 - - 
3 95 5 - - 
4 90 7 3 - 
5 90 - 10 - 
6 95 - 5 - 
7 85 5 10 - 
8 90 7 - 3 
9 90 - - 10 

10 95 - - 5 
11 85 5 - 10 
12 100 - - - 

Measuring the calorific value (for fuel) 

 
 
 
 
 
 

H.H El Sersy and N.A. Metawe (2005) : Manufacture of agriculture derived fuel (Adf) from Ric Straw. Journal for 
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- 119 - 

 

f different fuelsCalorific value oTable (31):  
 

Fuel Higher Calorific Value 
Kj/kg Btu/Ib 

Anthracite 32.500-34.000 14.000-14.500 
Bituminous coal 17.000-23.250 7.300-10.000 
Charcoal 29.600 12.800 
Coke 28.000-31.000 12.000-13.500 
Lignite 16.300 7.000 
Peat 13.8000-20.500 5.500-8.800 
Semi anthracite 26.700-32.500 11.500-14.000 
Wood (dry) 14.400-17.400 6.200-7.500 

Stability of RSDF

%wt, Loss = [ (Wi-W)/W1]* 100 
Where.  Wi = initial weight of each sample (gm) 
                W = Weight of each sample at different intervals of time (gm) 

Table (32): Representative characteristic of RSDF samples 
                             Properties 
Sample 

Calorific Value 
(Mj/kg) 

% Ash 
content 

Density 
Gm/cm3 

% Moisture 
content 

1 15.711 13.6 0.865 8 
2 14.864 13.6 0.842 8.2 
3 12.994 14.39 0.812 9.3 
4 14.079 11.0 0.855 8.7 
5 11.828 11.8 0.866 16.0 
6 11.260 11.2 0.882 13.3 
7 13.411 11.7 0.826 11.2 
8 13.546 14.6 0.680 16.8 
9 11.066 9.4 0.856 19.2 

10 12.008 13.2 0.725 14.2 
11 12.908 11.6 0.741 19.4 
12 12.626 15.7 0.844 9.6 

 

high quality fuel criteria are 
 High calorific value                                       
 Low ash content                                     
 Low sulfur content              
 Low moisture content                                
 High stability                                                       
 Suitable density                                             

Characteristic of selected RSDF
 Calorific value                               14.864  Mj/Kg 
 Ash content                                 11 % 
 Moisture content                       8.70 % 
 Density                                                      855 Kg/m3 
 % Weight losses                         1.17 % 

H.H El Sersy and N.A. Metawe (2005) : Manufacture of agriculture derived fuel (Adf) from Ric Straw. Journal for 
environmental sciences. Vol3 No. 1 March 2005: PP. 9-31 center fro environmental research and studies. 
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Method of treating rice straw 
Bio. Chemical – Thermo-Mechanical closed system

drain board
Asoaking

BA
B

pHFair

Grinding

steps of treated rice straw

Operation Time Step 
A

A
AB

B

Biological treatment by effective microorganisms
effective microorganisms (EMI)

photocynthetic bacteria
to utilize solar energy in fixing atmospheric water

photocynthetic bacteria
astrong sterilizer it suppresses harmful microorganisms

photocynthetic bacteria
root division

El-Husseiny et al. (2006) Evaluation of biologically treated rice straw in broiler feed. Egypt. Poultry Sci. J. 26(11)  
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useful substrates

photocynthetic bacteria
superess harmful fungi and bacteria

Table (34): Microbiological analysis of effective microorganisms 
 

Microrganism Media culture Substances 
secretion notes Microorganism 

cfu*/ml probioti 
Lactic acid bacteria  

Carbohydrate 
(sugar, molasse) 

 
 

Lactic acid, 
pseudocatalase 

 
 
Anaerobic, gram-
positive 

 
Lactobacillus 
Acidophilus 

10 x 106 

Lactococcus 1 x 105 
Pseudococcus  
Streptococcus  
Enterococcus  
Aspergillus 
penicilliodes 

Organic matter 
amino acid 

Glucosoxidase, 
antimicrobial  

Anaerobic, gram-
positive 

1 x 105 

Photosynthetic bacteria  
Organic matter, 

sunlight 

 
Converted CO2 

and H2O to CH2O 
plus O2 

 
Anaerobic, gram-
positive 

 
Rhodopseudomonas  
Rhodobacter  
Rhodomicrobium 2 x 106 
Rhodospirillum  

Saccharomyces 
cerevisiae 

 
Sugar, nucleac acid 

Ethanol, carbon 
dioxide 

Aerobic, or 
Anaerobic, gram-
positive 

 

Actionomyces 
 

Bark, wood stems 
Cellulase, 

attacked tough, 
raw plant tissue 

 
Gram-positive 

 

Source (Higha, 1995) * Colony forming unit. 
Preparation 

EMIEMI
Treadheap

heapgunny 
bagvinyl sheetinfiltration of rain water

aerate

Table (35): Chemical composition of wheat bran and rice straw before and after treatment 
Item Wheat 

brean 
Rice 
straw 

B.T.Rice 
straw* 

Item Wheat 
brean 

Rice straw B.T.Rice 
straw* 

Metabolizable Energy (K cal.kg) 1260 945 1750 Manganses (mg/kg) 113 400 - 
Crude protein (%) 15.05 5.4 11 Sodium (mg/100g) - 2.4 1.01 
Ether Extract (%) 3.0 1.7 4.7 Selenium (µ/100g) 0.85 81 - 
Carbohydrate:    Vitamins:    
Total Sugars % 0.41 - - Thiamin (mg/100g) 8.0 0.71 - 
Nitrogen Free Exztract % 64.6 43.2 64.30 Riboflavin (mg/100g) 4.58 0.57 - 
Crude Fiber % 11.00 31 9.7 Niacin (mg/100g) 168 10.8 - 
Neutral Detergent Fiber % 36.9 80 49.3 Pantothenic Acid (mg/100g) 31 1.91 - 
Acid Detergent Fiber % 12.1 25.5 10.20 Vitamin B6 (mg/100g) 1.30 1.2 - 
Acid Detergent Lignin % 3.3 4.8 3.70 Folate (µg/100g) 1.2 59 - 
Hemicelluloses % 24.8 27.5 38.8** Vitamin A (µg/100g) - 8.4 - 
Cellulose % 10.5 34 6.5 Vitamin E (µg/100g) 14 1.21 - 
Lignin % 3.3 4.5 3.6 Vitamin K (µg/100g) - 1.45 - 
Minerals:    Fatty acids :     
Ash (%) 6.4 18.7 8.3 Saturated Fatty Acid (g/100g) 0.63 0.54 1.98 

Silica (%) - 14.0 2 Monosaturated Fatty Acids 
(g/100g) 0.14 - - 

Calcium (%) 0.14 0.19 0.8 Polyunsaturated Fatty Acids 
(g/100g) 2.22 0.92 1.07 

Av ailable phosphorus (%) 0.38 0.1 1.5 Wax 1.6 3.7 0.2 
Potassium  (%) 1.19 1.2 0.1 Total Amino  Acids  : - 72 146 
Magnesium (%) 0.52 0.11 - Lysine 0.61 0.53 0.42 
Sulphur (%) 0.22 0.10 - Methionine 0.23 0.16 0.12 
Cobalt (mg/kg) - 0.05 - Cystine 0.32 0.38 0.24 
Copper (mg/kg) 14 5.0 - Methionine + Cystine 0.55 0.54 0.36 
Source: Clawson et al. (1970). Jackson, (1978)  * M.Adly, 2005   ** 22% soluble cellulose and 16.8% hemicelluloses =38.8 

El-Husseiny et al. (2006) Evaluation of biologically treated rice straw in broiler feed. Egypt. Poultry Sci. J. 26(11)  
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cell elements
Fiber, parenchyma cells, vessel elements and epodermic cells

The epidermic cells are the outermost surface cells
 The wettability of straw with water  

the degree of lignificationsthe crystallinity of cellulosic component

voluntary consumption
swellingseparation 

crystallinity of the cellulosic fraction
disruption of bonds in lingo cellulosic complex and within the cellusosic fraction

physical treatments
surface area

susceptibility to enzymetic attack
Thermal hydrolysisBlack residual solution

partially disrupts the lignocellulosic complex 
sBiological treatment

The bio-chemical – thermo-mechanical treatment

photosynthetic bacteria

Shaoked (2005)
(effective microorganisms) EMI

EMI
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 )Link Jojoba (Simmondsia chinensisBucaceac 

 
Branched triglycerides
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 اٌـشض ِٓ اٌضساػت :
 ٔباث سػىي 
  حثيبيج اٌشِاي 
  اٌخشديش وحضييٓ اٌشىاسع 

 الأوراق انثمار

أخاج ِىاد ِماوِت ٌٍبىخشيا  بذوران قشىران

 وإٌيّاحىدا 

  ِخصباث ٌٍخشبت والاشداس 
  ِماوِت الاِشاض إٌباحيت 

 انزيج كسب انهىهىبا

 سماد عضىي عهف

صز
ع

 

 شمع انهىهىبا 

  الأاسة 
  ًِسخحعشاث اٌخدّي 
  ْصٕاػت اٌىسق واٌٍبا 
  اٌخٍّيغ واٌذهأاث اٌىاليت 

 ًِسخحعشاث اٌخدّي 
  ِسخحعشاث ؼبيت بيؽشيت 
 ُصيىث ٌٍّحشواث واٌخشحي 
  صٕاػت اٌدٍىد واٌّؽاغ 
 صٕاػت اٌبىياث واٌحبش واٌىسٔيش 
 صٕاػت الاحّاض واٌىحىي 
  ًٍِشوباث ؼبيؼيت حيىيت ٌٍمعاء ػ

 شاث والاِشاض اٌضساػيت اٌحش
 ْصٕاػت اٌصابى 
  صٕاػت ِأؼت ٌٍفىساْ او اٌخأوسذ 
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Jojoba oil
 

 
  
  
  
  
  
  

Sonora Desert
Jojoba

Hohoaba
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Byproducts

Jojoba meal
liquid wax

(cyanomethylene, cyclohexyl glycosides) simmondsin
(1) Simmondsin  2` Ferulate . 
(2) 5-desmethylsimmondsin. 
(3) 4,5-didemethylsimmondsin . 

  
  
  

  
  
 Ammonical hydrogen peroxide 

 
of jojoba mealChemical composition 

Triacylglycerol
Major components

 

References Moisture (%) CP (%) EE (%) CF (%) Ash (%) 

Siegmund and Fraser (1973) - 27.0 - 12.0 3.9 

Verbiscar et al. (1980) 5.8 24.1 1.6 11 4.9 

Verbiscar et al. (1981) 4.8 25.6 1.3 8.5 3.6 

Ngoupayou et al. (1982) 5.8 29.06 2.0 11.0 4.9 

Utiz el al. (1982) - 27 - 12 3.9 

Swingle et al. (1985) 4.8 25.6 1.3 8.5 3.6 

Manos et al. (1986) - 25.6 8.63 - 3.67 

Medina and Trejo (1990) 4 24.6 10 9.5 3.7 

Abbott et al. (1996) - 27.4 11 14 2 

Ham et al. (2000) - 26 12.3 - - 

Shrestha et al. (2002) - 25 - - - 

  Soha, Fary (2007): Evaluation of Jojoba meal as a feedstuff in broilers diet, PhD thesis, Fac. Agic. Tanta Uinv. 
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Amino acid contents 

Amino acid composition (%) of Jojoba meal 
 

References 
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0.95 3.11 1.81 0.89 2.79 1.41 0.49 0.87 1.57 1.11 0.21 1.07 1.10 1.05 1.19 1.22 1.11 - 

A
ri

zo
n

a 

0.83 2.18 1.56 0.49 2.40 1.50 0.47 0.78 1.46 1.05 0.19 0.92 0.96 1.04 1.10 1.14 1.04 - 

Ngoupayoy et al. (1982) - - 1.60 - - - 0.43 0.94 1.63 0.66 0.26 1.05 - 0.91 1.38 1.19 - 0.85 
Manos etal. (1986) 0.72 1.65 1.02 - 1.94 1.24 0.35 0.65 1.35 0.39 0.13 0.84 0.91 0.71 0.94 0.90 0.76 0.27 

 First limiting amino acid 
 Second limiting amino acid 
 Third limiting amino acid 

nutritional factors in jojoba meal-tiMajor an 

cyanogenic compounds
HCN

Simmondsin, 5-dimethyle simmondsin, dimethyl simmondsin, analog with simmondsin, 2`-ferulate, 4-
demethyl simmondsin 2`-ferulate and 5-demethyl simmondsin ferulate. 

simmondsinfor 100 genetypes

  Soha, Fary (2007): Evaluation of Jojoba meal as a feedstuff in broilers diet, PhD thesis, Fac. Agic. Tanta Uinv. 
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 Simmondsin and simmondsin–2–ferulate

 related cyanomethylen glycosides

HCN
 

Concentrationa of simmondsin and simmondsin 2`-ferulate in jojoba seed and meal 
References Simmondsin (%) Simmondsin 2- ferulate 
Verbiscar and Banigan (1978)* 2.34 0.75 
Veriscar et al. (1981) 6.2 1.5 
Ngoupayou et al. (1982) 4.2 0.5 
Swingle et al. (1985) 4.2 1.30 
Wiseman and Price (1987) 5.0 - 
Medina et al. (1988) 4.6 1.8 
Medina and Trejo (1990) 4.6 1.8 
Cokelaere et al. (1993a) 3.6 0.7 
Arnousts et al. (1993) 4.15 0.7 
Cokelaere et al. (1995b) 4.2 1.3 
Decuypere et al. (1996) 4.15 0.70 
Ham et al. (2000) 3.6 1.2 
Lein et al. (2002) 4.62 - 
Benzioni et al. (2004)* 2.9 – 7.7 0.6 – 1.5 
Bellirou et al. (2005) 4.5 - 
*- In jojoba seed. 

SimmondsinSimmondsin 2-ferilate

Cinammic acid 

sin inhibitorsTryp 
Anti-trypsin factors

Protease inhibitors
3-6 TIU/g and 0.12 – 0.75 TIU/g in the albumin fraction. 

Saponine

Foam
Detoxification of toxic factors

simmondsin

Detoxification by heat treatment

moist heat treatment 
simmondsin , simmondsin – 2-ferulate

  Soha, Fary (2007): Evaluation of Jojoba meal as a feedstuff in broilers diet, PhD thesis, Fac. Agic. Tanta Uinv. 
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Simmondsin and simmondsin – 2`- ferulate

Detoxification by chemical methods 

scaled up
 

J29J13
simmondsin and simmondsin – 2` ferulate

J29J13Ammoniacal hydrogen peroxide
simmondsinsimmondsin

simmondsin
Ammoniacal hydrogen peroxide

Ammpniacal hydrogen peroxide
Detoxification by microorgansisms 

Saccaromyces cerevisiae, nine strains of Lactobacillus acidophilus, and fire strains of lactobacillus 
bulgaricus. 

Simmondsin + simmondsin–2`-ferulate

 
 

Effect of some treatments on simmondsin detoxification of jojoba meal
Treatments Simmondsin (%) Detoxifixation (%) 
Raw jojoba meal 3.50±0.06

a
 - 

Boiling water 
15 min 2.70±0.03

b
 22.90 

30 min 1.60±0.01
c
 54.30 

45 min 0.85±0.02
gh

 75.70 

Autoclaving 
15 min 0.93±0.01

fg
 73.40 

30 min 0.57±0.04
ilk

 83.70 
45 min 0.45±0.01

ki
 87.10 

Ammonical hydrogen 
peroxide 

A1 0.45±0.03
ki

 78.14 
A2 0.08±0.04

m
 97.70 

A3 0.48±0.02
jkl

 86.30 

Phosphoric acid  
       (PH 2.5) 

2hr 0.80±0.05
gh

 77.10 
4hr 0.63±0.04

hk
 82.00 

6hr 0.37±0.01
i
 89.40 

Phosphoric acid  
       (PH 3.5) 

2hr 0.97±0.01
efg

 72.30 
4hr 0.92±0.03

fgh
 73.70 

6hr 0.57±0.06
ijk

 83.70 

Phosphoric acid  
       (PH 4.5) 

2hr 1.30±0.05
d
 62.90 

4hr 1.20±0.02
def

 66.60 
6hr 0.58±0.03

ijk
 83.40 

Hydrochloric acid  
       (PH 2.5) 

2hr 0.99±0.04
efg

 71.70 
4hr 0.49±0.05

jkl
 86.00 

6hr 0.35±0.01
l
 90.00 

Hydrochloric acid  
       (PH 3.5) 

2hr 0.84±0.01
gh

 76.00 
4hr 0.77±0.05

ghi
 78.00 

6hr 0.66±0.03
hij

 81.00 

Hydrochloric acid  
       (PH 4.5) 

2hr 1.20±0.02
de

 65.70 
4hr 0.94±0.01

fg
 73.10 

6hr 0.65±0.02
ij
 81.40 

Significant  **  
A1 = 10mol NH4OH + 5 Mol H2O2                                           A2 = 20mol NH4OH + 10 Mol H2O2                                 A3 = 30mol NH4OH + 15 Mol H2O2 

- Means of each colum followed by the same letter are not significantly different at the 5% level according to Duncan`s Multiple Range Teste. 
** indicate P<0.01.                                             

 

  Soha, Fary (2007): Evaluation of Jojoba meal as a feedstuff in broilers diet, PhD thesis, Fac. Agic. Tanta Uinv. 
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Ammoniacal hydrogen peroxide 
Chemiacl composition of raw and treated jojoba meal

Items Jojoba meal 
Raw Treated 

Moisture % 3.90 7.48 
Crude protein % 26.57 32.06 
Ether extract % 22.52 11.37 
Crude fiber % 10.40 10.02 
Ash % 3.51 3.12 
(NRC, 1994) 

Apparent and true metabolizable energy (Kcal/kg) of raw and treated Jojoba meal 

Items Jojoba meal 
Raw Treated 

Gross energy 5102.00 5098.00 
AME* 3321.35 3316.39 
AMEn ** 3183.47 3263.39 
TME*** 4779.45 4774.49 
TMEn **** 4490.43 4570.35 
AME = Apparent metabolized energy. 
** AMEn = Apparent metabolized energy after nitrogen correction. 
*** TME = True metabolized energy. 
**** TMEn = True metabolized energy after nitrogen correction. 

Amino acid composition of raw and treated Jojoba meal 
Amino acids Jojoba meal (%) Soybean meal 

(%) Raw Treated 
Asparatic 2.18 2.33 Not mentioned 
Methionine 0.20 0.21 0.62 
Theronine 1.11 1.08 1.72 
Serine 0.90 0.98 2.29 
Glutamic 2.59 2.84 Not mentioned 
Proline 1.10 1.19 Not mentioned 
Glysin 1.70 1.78 1.90 
Alanine 0.91 0.88 Not mentioned 
Cystein 0.89 0.88 0.66 
Valine 1.15 1.13 2.07 
Isoleucine 0.66 0.69 1.96 
Leucine 1.46 1.45 3.39 
Phenylalnine 1.05 1.01 2.16 
Histadine 0.49 0.56 1.17 
Lysine 0.70 0.73 2.69 
Arginine 1.69 1.78 3.14 
(NRC, 1994) 

 

Essential amino acid index (E.A.A.I.) of jojoba meal protein (Oser, 1951) 

Amino acids 
 g amino acids / kg protein 

Whole egg Jojoba meal 
Raw Treated 

Arginie 70 63.61 55.5 
Histidine 24 18.44 17.50 
Lysine 75 26.35 22.80 
Leucine 92 54.95 45.20 
Isoleucine 77 24.84 21.50 
Methionine 40 7.53 6.50 
Met+Cystine 63 41.02 34.10 
Phenylalnine 63 39.50 31.50 
Theronine 50 41.78 33.70 
Valine 78 43.28 35.20 
Glycine 37 63.98 55.20 
Glycine+Serine 112 97.85 86.08 
E.A.A.I 100 61.60 52.10 

* Caculated whole egg basis. 
 

  Soha, Fary (2007): Evaluation of Jojoba meal as a feedstuff in broilers diet, PhD thesis, Fac. Agic. Tanta Uinv. 



- 135 - 

 

C.S.
Amino acids composition and chemical score in raw and 
treated Jojoba meal compared to broilers requirements 

Amino acids 
NRC 1994 

requirements 
(%) 

A.A (%) in Jojoba 
meal A.A (%) in crude protein Chemical score of 

Jojoba meal 
Raw Treated NRC 1994 

requirements 
Jojoba meal Raw Treated Raw Treated 

Arginine 1.25 1.69 1.78 5.43 6.36 5.55 117.13 102.21 
Histidine 0.35 0.45 0.56 1.52 1.69 1.75 111.18 115.13 
Lysine 1.10 0.70 0.73 4.78 2.63 2.28 55.02** 47.69** 
Leucine 1.20 1.46 1.45 5.22 5.49 4.52 105.17 86.59 
Isoleucine 0.80 0.66 0.69 3.48 2.48 2.15 7126*** 61.78*** 
Methionine 0.50 0.20 0.21 2.17 0.75 0.65 34.56* 29.95* 
Phenylalanine 0.72 1.05 1.01 3.14 3.95 3.15 126.20 100.64 
Theronine 0.80 1.11 1.08 3.48 4.18 3.37 120.11 96.84 
Valine 0.90 1.15 1.13 3.91 4.33 3.52 110.74 99.03 

(*) First limiting amino acid. 
(**) second limiting amino acid. 
(***) Third limiting acid. 
 

Amino acids digestibility trial of raw Jojoba meal 

Amino acids 
Amino acid (mg/100g) True amino acids 

digestibilty Intake Excreted Apparent 
retained A.A.D. (%) Excreted 

correction True retained 

Indispensable 
Arginine 523.9 180.0 343.9 65.6 99.7 424.2 80.90 
Histadine 151.9 75.5 78.4 51.6 54.8 97.1 63.9 
Isoleucine 204.6 76.5 128.1 62.6 54.5 150.1 73.4 
Leucine 452.6 148.5 304.1 67.2 103.4 349.2 77.2 
Lysine 217.0 93.0 124.0 57.1 64.4 152.6 70.3 
Methionine 62.0 24.0 38.0 61.3 15.2 46.8 75.5 
Phenylalanine 325.5 103.5 222.0 68.2 60.6 264.9 81.4 
Theronine 344.1 126 218.1 63.4 97.4 246.7 71.7 
Valine 356.5 121.5 235.0 65.9 89.6 266.9 74.9 
Dispensable 
Alanine 282.1 103.5 178.6 63.3 70.5 211.6 75.0 
Asparatic acid 675.8 229.5 446.3 66.0 176.7 499.1 73.8 
Cystein 275.9 115.5 16.4 58.1 94.6 181.3 65.7 
Glutamie acid 802.9 264.0 238.9 67.1 184.8 618.1 76.9 
Glycine 527.0 169.5 330.5 62.7 128.3 398.7 75.7 
Proline 341.0 120.0 221.0 64.8 87.0 254.0 74.5 
Serine 279.0 112.5 166.5 59.7 77.3 201.7 72.3 
 

Amino acids digestibility trial of treated Jojoba meal 

Amino acids 
Amino acid (mg/100g) True amino acids 

digestibilty Intake Excreted Apparent 
retained A.A.D. (%) Excreted 

correction True retained 

Indispensable 
Arginine 551.8 171.2 380.60 68.97 9.9 640.9 83.53 
Histadine 173.6 72.0 101.60 58.53 53.3 120.3 69.30 
Isoleucine 213.9 73.6 140.30 65.59 51.6 162.3 75.88 
Leucine 449.5 142.4 307.10 68.32 97.3 352.2 78.35 
Lysine 226.3 89.6 136.7 60.41 61.0 165.3 73.04 
Methionine 65.1 20.80 44.3 68.05 12 53.1 81.57 
Phenylalanine 313.1 96.00 217.1 69.34 53.1 260.0 83.04 
Theronine 334.8 121.60 213.2 63.68 93.0 241.8 72.23 
Valine 350.3 110.40 239.9 68.48 78.5 271.8 77.59 
Dispensable 
Alanine 272.8 97.60 175.2 64.22 64.6 208.2 76.32 
Asparatic acid 722.3 230.40 491.9 68.10 177.6 544.7 75.41 
Cystein 272.8 116.80 156 57.18 95.9 176.9 64.85 
Glutamie acid 880.4 281.60 598.8 68.01 202.4 678 77.01 
Glycine 551.83 192.00 359.8 65.20 123.8 428 77.56 
Proline 368.90 123.20 245.7 66.60 75.2 293.7 79.63 
Serine 303.8 116.80 187 61.55 81.6 222.2 73.14 
 

 

 

  Soha, Fary (2007): Evaluation of Jojoba meal as a feedstuff in broilers diet, PhD thesis, Fac. Agic. Tanta Uinv. 
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Minerals content in raw and treated Jojoba meal 
 

Items Jojoba meal 
Raw Treated 

Ca (%) 0.12 0.13 
K (%) 0.84 0.87 
Mg (%) 0.20 0.30 
P (%) 0.35 0.33 
Na (ppm) 89.00 85.00 
Cu (ppm) 25.50 30.00 
Zn (ppm) 38.50 40.00 
Mn (ppm) 25.30 30.00 
Fe (ppm) 397.50 400.00 
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 urcasC atrophJa 
Jatropha curcas

Heller

Gonsalves

GonsalvesFrancisEdingerBecker

Jongschaap

  Soha, Fary (2007): Evaluation of Jojoba meal as a feedstuff in broilers diet, PhD thesis, Fac. Agic. Tanta Uinv. 
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 Castor oil plant or Caster bean (Ricinus communis) 

 
 iduessDate re 

 
 Ligno cellulose residues 

Biorefineries

Rice straw

 Corn stem 
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 Giant weed ( Arundo donax L. ) 

 disposalsAgricultural  

 
 Algae 

 
 Grass 

 Sweet potato (Ipomoea batatas) Potato (Solanum Tuberosum L. ) 

 Rape seed 
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  elpe Citrus  

 
 Cow and Poultry bone 

 
 Poultry fat 

 Animal and marine fat 

 Grilled oil residues 

 Garbage 
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R4
Reduction – Reuse – Recycling - Recovery 
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Distillers Dried Grains as a Protein Sources for Ruminants 
General overview  

Introduction

distillers grainsdistillers grains 
plus solublecorn gluten feed

dry corn gluten feed
dry distillers grainssolubles 

Wet corn gluten feed (WCGF) and wet distillers grains plus soluble (WDGS). 
WDGSWCGF

Wet milling

corn branstarch
Corn gluten meal germ

Soluble componentswet corn gluten feed
Corn bran and steepgerm meal Dry corn gluten feed

wet corn gluten feed

steep liquor
steepWCGF

 

WCGFruminally degradableDIP
DIP = degradable intake protein

WCGF
DIPbypass protein (undegradable 

intakeprotein, UIP)
WCGF , stock et al (1999)steepbran

steep addedWCGFdry – rolled corn
DMSteep addedWCGF
dry milling

Distillers grainsdistillers 
grains + solubledistillers soluble

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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WDGS
DDGS

WDGS or DDGS

by pass proteinUIP

WDGSDDGS
Table (48): Energy value of wet vs dry grains 
 Control Wet Lowa Mediuma Higha 

Daily feed, Ib 24.2 bbc 23.56a 25.3c 25.0a 25.9a 
Daily gain, Ib 3.23b 3.71c 3.66c 3.71c 3.76c 
Feed/ gain 7.69b 6.33c 6.94d 6.76d 6.90d 
Improvement:      
                Diet -- 21.5 ………….. 11.9 (ave.) ……….. 
                Distillers vs corn -- 53.8 ………….….. 29.8 …………….. 

       a
  Level of ADIN, 9.7, 17.5 and 28.8%. 

b,c,d,
 Means in some row with different superscripts differ (P<.05). 

Finishing cattle

 
 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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30 miles of the ethanol plant
WDGSWDGS

WDGS

 

Composition
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Table (49): Nutrient composition of selected corn milling co-products 
Feedstuff:a DRCb WCCF-A WCCF-B DDGSC WDGSc CCDSc MWDGS Steepd 
DM 90.0 44.7 60.0 90.4 34.9 35.5 45.50 49.4(49.0)e 
       SD 0.88 0.89 0.05 1.7 3.6 1.4 NA 1.0(0.58)e 
CP,% of DM 9.8 19.5 24.0 33.9 31.0 23.8 NA 35.1 
       SD 1.1 0.63 0.51 1.3 0.9 1.5 NA 1.1 
UIP,% of CP 60.0 20.0 20.0 65.0 65.0 65.0 NA 20.0 
P.% of DM 0.32 0.66 0.99 0.51 0.84 1.72 NA 1.92 
       SD 0.04 0.03 0.04 0.08 0.06 0.27 NA 0.11 
TDN, % 90.0 90.0 94.5 101 112 112 NA 113 
NEg,Mcal/Ib 0.70 0.71 0.80 0.78 0.87 0.87 NA 0.88 
a
 DRC=dry rolled corn with NRC (1996) values, WCGF=wet corn gluten feed from two plants, DDGS=dried distillers grain + 

soluble, WDGS= wet distillers grain + soluble, CCDS=condensed corn distillers soluble (corn syrup), MWDGS=modified 
wet distillers gains+soluble, steep is steep liquor from wet milling plants. 

b
 DRC values based on NRC (1996) values with approximately 3500 samples 

c
 Values are from spring, 2003 from only one plant in Nebraska that produces DDGS, WDGS, and CCDS with standard 

deviation based on weekly composites. 
d
 DM values represent variation from daily composites for a 60-d period. Other nutrients are based on monthly 

composites for 2002 and half of 2003. 
e
 Values in parentheses are monthly composites for 2003 from one plant in Nebraska, with assumptions that is a mixture 

of steep and distillers soluble. 

Table (50): Wet or dry corn gluten feed or corn in forage based diets for growing calversa. 
 Forage Corn DCGF WCGF 
DM, Ib/d 11.7 18.0 16.4 16.2 
ADG, Ib 1.16 2.25 2.15 2.36 
Feed/gain 10.5 8.10 7.64 6.86 

a
 Balanced for 11.5% CP.

Use in forage diets
Feed lots

developing heifersforage dietsForages
corn gluten feed

degradable protein
Forage – based diets

wet and dry gluten feeddry – rolled corn
corn stalklage

wet and dry gluten feedWCGF
DCGFThe apparent energy valueDCGF

WCGFDCGF
Forage-based diets

gluten feedGF
DIPGF

undegraded protein , UIP; by pass
metabolizable protein (MP)

undegraded protein
Table (51): Escape protein values 
Source  % protein escape 
Soybean meal 30 
Wet distillers grains 60-70 
Dried distillers grains 60-70 
Distillers soluble 30 

escape protein
innate characteristics
acid – detergent In soluble protein (ADIN)

heat damaged protein
Stocker calves

Commodity

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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drought conditions
drought

Loy et al (2004)DCGF
TRT

across two yearsTRTgrazed winter forageDCGF
Winter grazing

Table (52): Weight, Body condition, and conception rates of heifers in two systems, 
CON which were fed hay with supplement and TRT which used 
increasing amounts of corn gluten feed along with grazed winter forage. 

Items CON TRT 
Year One   
Pre-calving BW change, Ib 100.0 98.3 
Pre-calving BCS change -0.16a -0.08b 
Post-calving BW change, Ib -100.1 -98.3 
Post-calving BCS  change 0.16 0.28 
Year Two   
Pre-calving BW change, Ib -5.1a 12.3b 
Pre-calving BCS change -0.75a -0.48b 
Post-calving BW change, Ib 2.82 0.04 
Post-calving BCS  change -0.30a -0.57b 
   
Pregnancy rate, % 96.1 96.4 
ab

 Unlike superscripts within a row differ, P<0.05. cd
 Unlike superscripts within a row differ, P<0.10. c 
 Percentage pregnant with second calf. P-value reflects chi square analysis. 

 
major implication

(Stalker et al, 2006) DDGSDDGS
DDGS

DDGS

Crossbred heifersdry distillers grain (DDGS)
high-forage diets

DDGSdry rolled corn (DRC)

on althernate days
DDGSDRC

DDGSDRC
Table (53): Growing calf performance over 84 days when fed native grass hay (CP=8.7%) 

supplemented with either corn of DDG for two levels of gain. Net energy was 27% 
greater for DDG compared to corn (Loy et al., 2003). 

  Lowa Higha 
ADG, Ib/d Corn .81 ± .06 1.57±.05 
 DDGS .99±.05 1.89±.05 
Feed conversion  Corn 15.9±.5 9.8±.5 
(DMI/ADG) DDGS 12.8±.5 8.0±.5 
a  Low = supplement fed at 0.21% BW, High = supplement fed at 0.81% BW. 
b  DDGS = distillers grain; DRC = dry rolled corn.

grazing corn residuesWCGF
Corn gluten feed (CGF)

stocking rate on corn residues
WCGF

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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WCGF

DDGS
Quadratically (P<0.01)ADG

Corn processing
acidosis-related challenges 

WDGS , WCGF
Kerhbiel wt al (1995)Subacute acidosis

WCGFWCGFDMI
Subacute acidosis

Processing cornthe 
risk of acidosisWCGFacidosis

WCGFScott et al (2003)

 
Table (54): Effect of corn processing when fed with wet corn gluten feed (Macken et al., 2006; Scott et al., 2003). 
25% WCGF       
(MAcken et al., 2006) Processing methoda 
 DRC FGC RHMC GHMC SFC  
ADG. Ib 4.23 4.35 4.21 4.24 4.33  
Feed: gain ratio, DM 5.49b 5.29c 5.13d 5.05d 4.91e  
NEg (corn), Mcal/cwt 70.0 73.4 76.4 77.7 80.4  
Fecal starch, % 19.2b 11.8c 10.6cd 8.4d 4.1e  
       
32% WCGF with calves       
(Scott et al., 2003) Processing methoda 
 Whole DRC FGC RHMC SFC  
ADG. Ib 4.18 4.24 4.17 4.15 4.25  
Feed: gain ratio, DM 5.92b 5.52c 5.32d 5.26de 5.18e  
       
22% WCGF with yearlings       
(Scott et al., 2003) Processing methoda 
 DRC FRC RHMC SFC   
ADG. Ib 3.98b 3.95b 4.02b 4.22c   
Feed: gain ratio, DM 6.09bc 6.15b 5.97c 5.54d   
a
 DRC = dry rolled corn, FGC = fine fround corn, FRC = fine rolled corn, RHMC = rolled high moisture corn, GHMC = 

ground high moisture corn, SFC = steam flaked corn, whole = whole corn. 
d,c,d,e,

 Means with different superscripts differ (P<0.05).
Mackken et al (2006)DRC, FGC, SFC and HMC processed as rolled (roller mill) and ground (tub 

grinder)WCGFWhole corn

HMCWCGF
WCGFWCGF

WDGSWCGF

Whole, DRC, HMC, a 50 : 50 bend of HMC and DRC (DM basis) or FGC. 
HMC + DRCDRC , HMC
whole Sterm – Flaked 

corn (SFC) and fively ground corn
WDGSWCGF

WDGS
products-Combinations of Co

Midwest Feed lotsWCGF , WDGS

Nutritional profiles

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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Synergistic effectsWCGF , WDGS

forage levelsalfalfa
forage

foragethe negative consequences of sub-acute acidosis

Table (55): Effect of different inclusion levels of a 50:50 blend of WCGF and WDGS (DM basis) and 
forage levels fed to yearling steers 

Blend: 0% DM 25% DM 50% DM 75% DM 
Alfalfa: 75 5 7.5 2.5 7.5 0 7.5 
DMI, Ib/day 24.3a 26.3bc 26.5b 25.4c 26.1bc 23.0d 23.6ad 
ADG, Ib/day 3.99a 4.70b 4.57b 4.55b 4.56b 3.86a 3.93a 
F/G 6.10a 5.60c 5.80bc 5.59c 5.73bc 5.97ab 6.01ab 
A,b,c,d Means with different superscripts differ (P<0.05).   all diets contain a 50:50 DRC-HMC blend and 5% 
supplement. 

 

forage
typical corn based diet (0% co-product blend)WCGF , 

WDGS
forageco-products

co-products blend
DM

WCGF , WDGS
WCGF , WDGSco-products

abruptlyco-products

products-New ethanol industry co
evolvingstriving

innovative
Dakota Bran Cake

Is a distillers co-products feed produced as primarily corn bran plus distillers soluble produced from a 
hybrid wet and dry milling process. 

Bran cakecorn bran
Bran cake (BC)WDGS and WCGF

NDFWDGS
Conclusions

Distillers grainsdry rolled corn
wet corn gluten feedsteep level

gluten feed

with feed lot cattleWCGF
WDGSdry-rolled corn

WDGS and WCGF

ADFADIN

ADIN

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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ADIN

Nichols et al., (1998)
PRLM

 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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Feeding dietillers grains to dairy cattle 
Introduction

integral roleprimary product
recovered

Wet Distillers Grains (WDG)
the thin stillage fraction

WDGDDG
the thin stillageDDGS

CDG
Table (57): Chemical composition of corn gluten feed, distillers grains, corn silage, alfalfa haylage, and soybean meal  
 Dry corn 

Gluten feed 
Dry Distillers 

Grains 
Corn 

Silage 
Alfalfa 
silage 

Ground 
corn 

Soybean 
Meal 

Dry matter, % 89 88 34 40 88 90 
Crude protein, % DM 25 31 8 21 9 50 
Rumen Undegradable protein, % CP 30 50 35 20 43 43 
Fat, % DM 3 13 3 4 4 4 
Acid Detergent Fiber, % DM 12 17 26 35 3 8 
Neutral Detergent Fiber, % DM 37 34 44 44 10 13 
Lignin, % DM 1.6 5 3.5 8 1 1 
Starch, % DM 15 5 31 2.5 69 1.7 
Calcium, % DM 0.13 0.09 0.27 1.4 0.04 0.43 
Phosphorus, % DM 1.1 0.91 0.24 0.33 0.30 0.74 
Sullfur, % DM 0.50 0.63 0.10 0.25 0.10 0.39 

 

 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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ADIN
ADIN

 
 ADIN

 

 n of distillers grainsNutrient compositio
Protein

The Rumen Undegradable protein (RUP)

Limiting amino acids
are in shortest supply (Socha et al, 2005)NRC, 2001

RUP
to be more limiting

CDGruminally protected lysine and methionine

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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CDG
the metabolizable protein (MP) fractionstrive

LYS : MET
bench – mark

AA profilehigh-LYS protein supplementsSoy – 
products

Energy and effective fiber
CDG

fermentable fiber
CDGthe 

incidence of rumen acidosis
Neutral Detergent Fiber (NDF)

Net Energy for Lactation Units (NEL) 
NRC (2001)

NEL
NEL

The energy contribution of individual feeds is a function of other feeds included in the diet, there is 
interest in knowing the baseline NEL value of individual feeds because most formulation programs 

require NEL as a nutrient input. 
CDGNELWCDG1.03 

Mcal / IbNRCCDG
NEL

CDGNDF

Effective Fiber
stimulate ruminationchewing activity

saliva secretionpH
pHimpede

pHVFA
is buffered by salivadiet of 

longer particle size
19 mmthe amount of time rumen pH was below 5.8

excessivelyinduce
to sort out ration ingredientsCDGTMR 

inferCDG
pHCDGpH

a possible risk of subclinical acidosis
non-structural carbohydrates

NDFThe penn state particle separator

phosphorous and sulphur 

CDG

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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practical considerations ---Wet versus dry  

CDGRUP
CDG

CDG

mindful

the pile
oxygen exposure

preservative productsshelf life

Considerations for feeding
Nutrient variation

NDF

DDGS

Feeding levels and production responses
CDG

CDG
DMIDMI

CDGCDG

CDG
CDG

NDFCDGproceed
pacepotential availability

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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Summary and conclusions

CDG
CDGNDF
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Rounds (1975) 

DDGS 
DDGS
DDGS
DDGS

Waller (1978) 
DDG 

DDGS
Brown (1983) DDG 

Firkins et al. (1984) 
(1)WDG 

DDG 

Santos et al. (1984)(2) DDGS
DDG 
WDG 
DDGS 

  

 

Rounds (1975)

Satter et al. (1977)

Waller (1978)

Brown(1983)

Firkins et al. (1984)

Santos et al (1984)

Satter 
and Sthr (1984)

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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Stock et al. (1983)
Klopfenstein et al. (1978)

Klopfenstein et al. (1978) 
DDG 
DDG 

DeHaan et al. (1982) 

WDG
EWDG(1)
WDG(2)
Thin Still

Waller et al. (1980) DDGS
Trenkle et al. (1981) WDG 

DDG, WDG 
DDGS

 

DeHaan et al. (1982)
WDGEWDG

Trenkle et al. (1981)

Risk et al. (1982)

 
Little et al. (1965)

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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A
A

A

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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Use of Distillers Dried Grains in Sheep Feeding 

 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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DDGS

DDGS

DDGS

TDN

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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NRC, 1989

NRC, 1985

CP : TDN 

CP : TDN 

CP : TDN 

CP : TDN 

CP : TDN 

CP : TDN

CP : TDN

 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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in poultry diets Distillers grains

brewers industry

Distillers dried grains with soluble NRC, 1984
whole stillage

DDGS

shell breaking strengthDDGSDDGS
Haugh units

Mid west
corn ethanol producing plantsDDGSDDG

escalated 

DDGSDDGS
DDGS

DDGS
coefficients of variationCalculated ME

Table (64): Nutrient value od corn DDGS taken from Spiehs et al., 2002 survey of 10 Minnesota and South 
Dakota plants 

  Crude                 
 D.M protein Fat Fiber Ash M.E. Arg. His IIe Leu Lys Met Cyst Phe The Trp Val Phos 
 (%) (5) (%) (%) (%) (Kcal/kg) -------------------------------------------(%)------------------------------------------------------(%) 
Mn-SD 
Samples 

88.9 30.2 10.9 8.8 5.8 3749 1.20 0.76 1.12 3.55 0.85 0.55 --- 1.47 1.13 0.25 1.50 0.89 

Old plant 
values 

88.3 28.1 8.2 7.1 6.3 3661 0.92 0.61 1.00 2.97 0.53 0.50 --- 1.27 0.98 0.19 1.39 0.90 

NRC,1998 
vlaues 

93.0 29.8 9.0 --- --- 3088 1.22 0.74 1.11 2.76 0.67 0.54 --- 1.44 1.01 0.27 1.40 0.83 

Feedstuffs 
reference 
isuue,1999 

93.0 29.0 8.6 9.0 4.8 3848 1.08 0.85 1.08 2.90 0.65 0.65 --- 1.29 1.02 0.22 1.43 1.02 

Noll,2003 88.3 27.5 10.0 5.7 3.97 ----- 1.08 --- 0.96 --- 0.74 0.49 0.52 ---- 0.98 0.22 1.32 0.73 

availabilityDDGS
Amezcuabioavailability coefficient

relative phosphorus bioavailability

Lumpkins and Batal (2005)DDGS
roosters

Noll and Brannon (2005)DDGS

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
* The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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a least cost basisDDGS

Table (65): Amino acid concentrations (100% dry- matter basis) of DDGS samples acquired from 10 Midwest 
ethanol plants (datat adapted from Spiehs et al., 2002; University of Minnesota, 2002) 

Amino Acid, % Mean (range) Standard Deviation Ratio
1
 Ratio

2
 

Lysine .88 (.61 to 1.06) .13 1.0 1.0 
Methionine .63 (.54 to 73) .06 .68 .65 
Threonine 1.14 (1.02 to 1.28) .09 1.24 1.12 
Tryptophan .24 (.18 to .34) .05 .26 .23 

Table (66): Standardized ileal digestibility (%) of amino acids from 14 DDGS samples (adapted 
from Stein et al., 2005) and values referenced from NRC (1998) 

Item, % Range Mean NRC (1998) 
Lysine 44 to 78 60 59 
Methionine 74 to 89 81 75 
Threonine 62 to 87 70 65 
Isoleucine 67 to 85 73 79 
Valine 66 to 84 72 67 

Liquid soluble and grain residue
DDGSLiquid soluble

Hunt et al., 1977
DDGSDDGS

Parsons and coworkers, 1983DDGS
DDGS

unidentified factorsDistillers dried soluble (DDS) or DDGS
Couch et al., 1957DDS

Day et al., 1972DDS and DDGS

condensed fish solubleDDS
DDGS

DDGS

DDGSDDS
DDGS

DDGS
DDGS

DDGS

DDGS

DDGS

chick growth assayDDGS
DDGS

S.Noll, V. Stangeland, G. Speers and J. Brannon: Distillers grains in poultry diets. University of Minnesota 
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DDGS

DDGDDGSDDS
NRC, 1994

Nutritional value of distillers dried grains and soluble for poultry 
DDGS

DDGS
DDGS

TMEn assay
DDGS

DDGS
DDGS

TMEnDDGS

Table (67): Nutrient profile and range in analytical values among DDGS as compared to NRC 
Content % NRC, 1994 

Protein 25.5-30.7 27.4 
Fat 8.9-11.4 9 
Fiber 5.4-6.5 9.1 
Calcium .017-.45 .17 
Phosphorus .62-.78 .72 
Sodium .05-.17 .48 
Chloride .13-.19 .17 
Potassium .79-1.05 .65 
Amino acids (selected EAA) % total amino acid  
Methionine .44-.56 .6 
Cystine .45-.60 .4 
Lysine .64-.83 .75 
Arginine 1.02-1.23 .98 
Tryptophan .19-.23 .19 
Threonine .94-1.05 .92 
 

Table (68): Ingredient Analyses for Turkey Feeding 
 

Nutrient (%) 
Corn Ground Yellow Soybean meal, 47% Distillers Grain Solubles Canola Meal Meat & Bone Meal 

Poultry Blen 
Protein, Crude 8.44  46.77  26.39  37.12  58.11  
Dry Matter 87.13  88.27  90.23  89.32  95.19  
Fat, Crude 4.67  2.31  11.51  3.45  11.37  
Fiber, Crude 1.7  2.47  6.17  10.15  0.51  
           
Calcium 0.0079  0.24  0.08  0.78  7.77  
Phosphorus, Total 0.24  0.65  0.82  1.18  3.86  
Potassium 0.29  2.11  1.1  1.29  0.61  
Sodium 0.0008  0.0215  0.17  0.11  0.65  
Chloride 0.04  0.01  0.08  0.05  0.58  
           
Methionine 0.15 0.14 0.66 0.61 0.49 0.43 0.72 0.65 1.07 0.99 
Cystine 0.17 0.16 0.77 0.65 0.53 0.42 0.97 0.77 0.63 0.53 
Lysine 0.25 0.2 2.94 2.66 0.81 0.64 2.04 1.71 3.32 2.99 
Arginine 0.37 0.33 3.38 3.14 1.11 1.02 2.22 2.05 3.95 3.71 
Tryptophan 0.06 0.05 0.66 0.58 0.24 0.192 0.5 0.45 0.52 0.468 
Valine 0.37 0.32 2.19 1.99 1.36 1.2 1.77 1.48 2.43 2.19 
Glysine 0.3  1.93  1  1.75  6.41  
Histidine 0.23 0.2 1.29 1.15 0.7 0.61 1.01 0.89 1.16 1.06 
Phenylalanine 0.41 0.37 2.37 2.19 1.26 1.16 1.44 1.3 2.02 1.87 
Tyrosine 0.26  1.63  0.99 0.95 0.99 0.88 1.47 1.36 
Threonine 0.29 0.24 1.78 1.57 1 0.83 1.51 1.23 2.01 1.81 
Leucine 1.02 0.96 3.59 3.31 3 2.82 2.53 2.28 3.63 3.37 
Isolucine 0.27 0.24 2.05 1.89 0.96 0.86 1.35 1.16 1.88 1.73 
Serine 0.37 0.37 2.09 2.09 1.12 1.01 1.33 1.15 2.22 1.98 
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Table (69): Total and aviable amino acid composition of DDGS 
Amino Acid Total (%) Availability (%) 

Arginie 1.25 84 
Cysteine 0.62 75 
Histidine 0.74 84 
Isoleucine 1.03 83 
Leucine 3.10 89 
Lysine 0.85 75 
Methionine 0.56 89 
Threonine 1.05 76 
Tryptophan 0.28 84 
 

Table (70): Amino Acid Content and range among DDGS 
Amino acid (selected EAA) % Digestible amino acid Digestibility Coefficient (%) 

Methionine .35-.53 85.6-90 
Cystine .28-.57 66.3-85 
Lysine .37-.74 59.1-83 
Arginine .73-1.18 80.5-90 
Tryptophan .14-.21 76.4-87.4 
Threonine .61-.92 66.8-80.7 
 

cecectomized roosters
Chick growth studiesThe bioavailable lysine content of DDGSSlope – ratio methodology

the percent availability
DDGSDDGS

DDGS
DDGS

Multiple regression analysis produced the models:  
Bone ash (%) = 25.09 + 0.01 P intake (mg) + 0.005 DDGS intake (gm) (R2 = 0.81). 
Bone ash (%) = 26.11 + 0.01 P intake (mg) + 0.004 DDGS intake (gm) (R2 = 0.88). 
 
The ration of shopes indicated the bioavailable concentrations of 0.50 and 0.54 % in DDGS. The 
expressed values as a percent of total P (0.74%) in DDGS, yields availability estimate of 68% and 54%. 
Phosphorus availability of DDGS is estinated at 61%. 

DDGS
DDGS

the soluble fraction

Broiler studies
DDGS

DDGS
DDGS

DDGS
DDGS

Studies with laying hens
DDGS



- 183 - 

 

DDGS
DDGS

DDGS
DDGS

Amino acid content and balance 
DDGS

DDGS

DDGS

Breast meat yield

DDGS

1) Gondensed corn fermented extractive (corn steep liquor). 
2) Corn germ meal. 
3) Corn gluten feed (wet or dried). 
4) Corn gluten meal. 

1) Corn distillers condensed soluble (liquid). 
2) Distillers grains (wet or dry ) or dried distillers grains with soluble (DDGS). 

DGSD
Nutrient contributions of corn DDGS in poultry diets-update  

Distillers dried grains with soluble DDGS

DDGS
Noll et al., 2003Ergul et al, 2003

Phosphorus (P)
DDGS

NRC.1994
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Lumpkins and Batel, 2005P bioavilabilityDDGS
autoclaved 

a turkey poult bioassay
Martinez – Amezcua, et al, 2006DDGS

DDGS
The metabolizable energy

DDGSAMEn

AMEn
NRC, 1994TMEn

Pigmentation

DDGS
(Minolta Chromometer, a* (redness))DDGS

Minolta colorimeter
The colorimeter takes 3 measurements and averages them into 3 axis values of L*(Lightness) for 
white and black, a* (redness) representing red and green, and b* (Yellowness) represents yellow and 
blue. The L*, a*, and b* for the exact pinpoint of a color in a acolor sphere. The DDGS of some 
samples had a color value of L* = 58.52, a* = 6.38, and b* =20.45. Cromwell et al (1993) suggests that 
color may be an indicator of DDGS quality or amino acid availability or both. 

DDGSNew DDGS production

the mash and solublesFractionation of the corn 
degermingDDGSthe soluble

troublesomesyrup

Martinez et al. 2005germpericarp
Quickgerm/quick fiberDDGS

Quick germ/quick fiberAbe et al, 2004
a high protein dried distillers grain produced as prototype

Hydrolyzed distillers dried grains (HDG)
National renewable energy laboratory

cecectomized chicken roosters
TMEn

As fed %% of protein 

arg
trp
thr

met
cys

TMEn

HDG
cubic effect

HP DDGSDDGS
TME
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Table (73): Nutrient Comosition of DDGS-type products (100% Dry Matter Basis) 
Nutrient DDGS HP DDGS1 CPC2 

Dry matter, % 90.0 90.0 90.0 
Crude protein, % 29.2 39.2 50.0 
Crude fat, % 11.6 4.8 3.6 
Crude fibar, % 90.0 90.0 4.2 
Ash, % 4.2 2.7 6.5 
ADF, % 11.6 9.7 10.3 
NDF, % 29.9 15.8 17.0 
Poultry TME (kcal/kg) 3065 3065 2989 
Calcium, % 0.04 0.04 0.20 
Phosphorus, % 0.83 0.48 1.07 
Lysine, % 1.06 1.06 0.90 (67)3 
Arginine, % 1.13 1.24 1.62 (87)3 
Tryotophan, % 0.21 0.24 0.29 (83)3 
Methionine, % 0.49 0.77 0.97 (91)3 
Cystine, % 0.41 0.70 0.88 (74)3 
Threonine, % 0.77 1.20 1.76 (73)3 
1
 Source: Dakota Gold Marketing Nutrient Specifications (November, 2004). 

2
 Source: Shurson et al., 2005. 

3
 Values in parentheses are digestibility coefficients for poultry. 

  
DDGS

Nutritional characteristics of DDGS as affected by different processing techniques 

DDGSDDGS

Market diversification

DDGS

QGQFthe Quick  Germ Quick Fiber method

elusieveDDGSDDGS

 Conventional dry grind method 

Singh et al, (2005)

At the Agricultural Engineering Research Farm, University of I llimois at Ur bana-Champaign.

Convection oven method 

 Modified dry grind process (MDG) 

A horizontal drum degerminator which impacts and abrades the corn

a roller mill10 mesh sieve

Minnesota Nutrition Conference, University of Minnesota, 2006
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 QGQFQuick Germ Quick Fiber process(QGQF)  

Singh et al, (1999)

QGQF

slurry
(alpha-amylasem, Bacillus amyloliquefaciens, 1,4-α-D-glucanohydrolase, 9000-85-5, MF (D00081319) 

slurryDDGS

QGQF – MDG

tube-fed to four cecectomized roostersTME

 Elusieve process

DDGS

(Model LS 188333, SWECO vibro-Energy Separator, Los Angeles, CA)

DDGSa 234 µm sieveRadhakrishnan et al (2005)

234 µm 

( material passing through the 234 µm sieve)elusive DDGS

tube-fed to four cecectomized roostersTMEn

DDGS

Table (74): Composition of Distillers Dried Grains with Solubles (DDGS) Samples Produced by Different 
Processing Methods 

Component
1
 

Conventional 
process in 
laboratory 

Modified 
dry grind 

Quick germ 
quick fiber 

Commercial 
DDGS 

Elusieve 
DDGS 

 
Dry matter 91 87 78 89 91 
CP (%) 21.2 23.8 28.0 31.3 40.8 
Fat (%) 13.9 8.7 5.4 11.8 15.0 
Ash (%) 4.0 2.8 ND2 4.6 ND 
Total dietary fiber (%) 36.4 28.0 25.3 34.5 19.7 
Insoluble dietary fiber (%) 34.9 26.5 22.5 33.2 18.2 
Soluble dietary fiber (%) 1.5 1.5 2.8 1.3 1.5 
Total phosphrous (%) 0.78 0.47 ND 0.74 0.9 
Lysine

2
 (% of CP) 3.4 2.5 3.3 3.2 3.0 

Threonine
2
 (% of CP) 3.7 3.7 3.4 3.6 3.5 

Tryptophan
2
 (% of CP) 0.9 0.8 0.8 0.7 0.7 

1 All the components are expressed an a DM basis. 
2ND = not determined. 

DDGSMDGQGQFDDGS

DDGSInsoluble dietary fiber

DDGS

MDGQGQF

DDGSelusieve

DDGS

the precision-fed cecectomized rooster assaythe high protein DDGS
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Table (75): Mutrient Composition and Bioavailability/Digestibilty of Some Nutrients (%) in 
High-protein DDGS and Corn Germ Meal 

Sample Bioavailability Lys as % of 
Protein  

Lys 
Digestibilty  Total P Of P Protein Total Lys 

High-protein DDGS 0.33 58 33 .95 2.8 73 
Corn germ meal 1.22 25 14 .80 5.7 91 

QGQF and elusieveMDGDDGS
elusieve

MDGQGQF
MDG

HP.DDGS
DDGS

Nutritional value of conventional and modified DDGS for poultry : 
DDGS

TMEDDGSNRC (1994)
Bioavailability coefficient

qG qF
DDGS

two new processing technologies, modified dry grind and quick germ quick fiber (for removing germ 
and fiber). 

An elusieve, sieving and air aspiration
DDGS

DDGS
DDGS

high protein DDGS

;’/./
Maillard reaction products

Table (76): Summary of selected Nutrients, TMEn and Amino Acid Digestibilty Coefficients for 20 samples of 
DDGS 

Component (%) Mean Range CV (%)
1
 

Dry matter 88 85-89 9 
Fat  14 13-16 4.8 
Ash 4 3.7-4.4 5.0 
Ca .03 .02-.04 38.4 
P .73 .62-.77 5.3 
Na .11 .05-.17 32.8 
    
Lysine .73 .59-.89 11.6 
Methionine .49 .41-.60 9.7 
Threonine .98 .85-1.14 6.0 
Cystine .52 .42-.67 11.3 
    
Lys digest.

2
 72 59-84 11.2 

Met digest. 88 85-92 1.9 
Thr digest. 76 69-83 4.8 
Cystine digest. 77 66-87 7.7 
    
TMEn Kcal/kg 2863 2607-3054 3.6 
1
Coefficient of variation. 

2
Amino acid digestibility coefficients determined in cecectomized roosters. 

Multi-State Poultry Nutrition and Feeding Conference (2006). 
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DDGSBioavailabilty of P in DDGS

A chick-tibia as assay

DDGS

Table (77): Relative Bioavailability of Phosphorus in Nine Sample of Distillers Dried Grains with 
soluble (DDGS) 

DDGS Sample Bioavailability (%) Total P content (%) Bioavailability P content2(%) 

1 69 0.72 0.49 

2 102 0.74 0.75 

3 82 0.72 0.59 

4 75 0.73 0.55 

5 62 0.67 0.42 

6 70 0.76 0.53 

7 82 0.72 0.59 

8 87 0.77 0.67 

9 84 0.74 0.62 

Mean 79 0.73 0.58 
1
Bioavilability of the P in DDGS relative to KH2PO4. Calcualted by the slope-ratio method using the multiple regression. 

2
Calculated by multiplying the bioability coefficient by the total P content in the DDGS. 

DDGS

DDGS

Table (78): Bioavailability of Phosphorus in Distillers Dried Grains with soluble (DDGS)  
Heat Processed Under Different Conditions in Two Experiments 

DDGS sample1 Bioavailability P content (%) Bioavailability coefficient (%) 

Experiment 1:   

Original DDGS 0.57b 75b 

Autoclaved for 75 min 0.67a 87a 

   

Experiment 2:   

Original DDGS 0.53b 70b 

Autoclaved for 75 min 0.66a 86a 

OV55-A60 0.63a 83a 

OV55-OV121 0.69a 91a 
a-bMeans within a column and experiment with no common superscript differ significantly (P<0.05). 
1OV55-A60=oven dried at 55°C for 3 days and then autoclaved for 60 min; OV55-OV121= oven dried 
at 55°C for 3 days then oveb dried at 121°C for 60 min. 
 

 
 
 

Multi-State Poultry Nutrition and Feeding Conference (2006). 
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Table (79): Total Amino Acid Concentrations (%) and Digestibility Coefficients (%) for Selected  
Samples of Distillers Dried Grains with Solubles (DDGS) Heated Under Different Conditions 
 
 
Amino acid 

Original 
DDGS 

80 min 
Autoclaving 

Oven drying 55C+ 
60 min autoclaving

1
 

Oven drying 55C+ 
Oven drying 60 min

2
  

Total Dig.
3
 Total Dig.

3
 Total Dig.

3
 Total Dig.

3
 

Thr 1.1 78
a
 1.0 57

b
 0.9 60

b
 1.1 73

a
 

Cys 0.5 88
a
 0.4 46

c
 0.4 50

c
 0.5 74

b
 

Val 1.4 81
a
 1.3 51

c
 1.2 49

c
 1.2 62

b
 

Met 0.5 84
a
 0.4 75

c
 0.5 81

b
 0.5 87

a
 

IIe 1.0 83
a
 0.9 66

b
 0.9 63

b
 0.9 79

a
 

Leu 3.3 91
a
 3.2 78

c
 3.0 78

c
 3.2 85

b
 

Tyr 1.0 90
a
 1.0 78

c
 0.9 79

c
 1.0 83

b
 

Phe 1.4 90
a
 1.3 70

c
 1.3 69

c
 1.3 78

b
 

His 0.7 80
a
 0.6 64

c
 0.6 63

c
 0.7 78

b
 

Lys 0.9 68
a
 0.4 13

c
 0.3 8

c
 0.6 45

b
 

Arg 1.2 86
a
 0.8 53

c
 0.9 55

c
 1.1 71

b
 

Trp 0.2 81
a
 0.1 62

b
 0.1 45

c
 0.2 81

a
 

a-cMeans within a row with no common superscript differ significantly (P<0.05). 
1Oven dried at 55°C for 3 days and then autoclaved for 60 min. 
2Oven dried at 55°C for 3 days and then oven dried at 121°C for 60 min.  
3Dig = digestibility coefficient.  

DDGS

DDGSum

DDGS

KH2 Po4tibia ash

DDGS

DDGSDDGS characteristics and poultry feeding value

 
Table (80): Lysine content and digestibility of DDGS 

Source No. of Samples Mean Lysine Content (%) Mean Lysine Digestibility 
Coefficient (%) 

  Average Range Average Range 
Ergul et al, 20061 20 .73 .59-.89 72 59-84 
Batal and Date 20062 8 .71 .39-.86 70 46-76 
Fastinger et al. 20061 5 .64 .48-.75 76 65-82 

1As fed basis 2Adjusted to 86% DM. 
Minnesota Nutrition Conference, University of Minnesota, 2006

TMEn

TMEnR2R2 = 0.29

Regression model

The prediction equation (R2 = 0.45)

 
 

Multi-State Poultry Nutrition and Feeding Conference (2006). 
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Table (81): Prediction equations for TMEn of distillers dried grains with soluble based on 1, 2, 3, or 4 variables (86% DM basis) 
Variable (n ) Variable (%) Prediction equation1 R2 
1 Fat TMEn = 2439.4 + 43.2 (fat) 0.29 
2 Fat, fiber TMEn = 2957.1 + 43.8 (fat) – 79.1 (fiber) 0.43 
3 Fat, fiber, protein TMEn = 2582.3 + 36.7 (fat) – 72.4 (fiber) + 14.6 (protein) 0.44 
4 Fat, Fiber, Protein, ash TMEn = 2732.7 + 36.4 (fat) – 76.3 (fiber) + 14.5 (protein) – 26.2 (ash) 0.45 
1
Prediction equations are based of the values from 17 samples of distillers dried grains with soluble. 

 

syrup

Syrup

Syrupsurup

Syrup
at the plant with a lag of 60 minutes in between adjustments for the different rates of syrup addition. 

TMEn

TMEn

Multi-State Poultry Nutrition and Feedin Conference (2006)

Distiller``s Grains : Focusing on quality control 
DDGS

mid-western US

DDGS

DDGS

DDGS

                    Table (82): Nutritional profile of distillers grains plus soluble (90% DM) 
 

27.0Protein ( % ) 
9.5Oil ( % )
9.0Crude fiber ( % )

0.33Calcium ( % )
0.75Phosphorus, total ( % )
0.49Phosphorus available ( % )

0.10-0.45Sodium ( % )
2810Metabolizable energy (Kcal/kg)

  *-   Significant variation seen between suppliers.
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s in proximate compositionVariation 

DDGS

DDGS

DDGS

Table (83): Amino acid composition ans availability of several distillers grains plus soluble samples 
differing in color (90% DM) 

 Light (#1) Intermediate (#2) Dark (#3) 
Total A.A. 

(%) 
Avilability 

(%) 
Total A.A. 

(%) 
Avilability 

(%) 
Total A.A. 

(%) 
Avilability 

(%) 
Lysine 0.84 75 0.69 65 0.39 46 
Methionine 0.55 86 0.53 85 0.46 82 
Cystine 0.60 72 0.56 71 0.52 68 
Threonine 0.98 74 0.94 70 0.85 69 
Tryptopan 0.24 81 0.20 81 0.14 80 
Arginine 1.20 80 1.03 81 0.75 73 
Isoleusine 1.00 80 0.97 85 0.89 78 
Valine 1.40 79 1.27 77 1.24 77 
Leucine 3.05 88 3.11 87 2.87 87 

 
IDEATM (Enaume – based protwin digestibility (IDEATM). 
Is a patented enayme-based assay digned for rapid predication of amino acid digestibility of poultry 
feed ingredients including soybeanmeal, meat and bone meal, poultry by product meal, and feather 
meal with assay times from 2 hours to < 1 day for animal and plant proteins, respectively. 
True lysine digestibility varied from 59.1% to 83.6% with an average of 70.3%. IDEATM analysis 
indicated a strong correlation of IDEATM values with the true lysine digestibility determined in roosters 
(r2 of 0.88). IDEATM analysisi showed poor correlation (r2 of < 0.5) for amino acid other than lysine. 
Sources: J. Anim. SCI. Vol. 83 (suppl. 2) P. 69. 

Metabolizable energy 
TMEn assy with Leghorn roosters

DDGS

Avilable phosphorus 
DDGS

DDGS

Mycotoxins
DDGS
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Table (84): Solubles addition ans characteristics of the resulting DDGS 
 Solubles Addition Rate 

(ga/min) 
Statistics 

42 25 12 0 Correlation 
(Pearson) 

Pvalue 

Product Characteristics 
Color (C/E Scale)       

L 46.1 52.5 56.8 59.4 -0.98 0.0001 
a 8.8 9.3 8.4 8.0 0.62 0.033 
b 35.6 40.4 42.1 43.3 -0.92 0.0001 

Moisture (%) 13.83 10.74 9.75 9.52 0.93 0.06 
       
Nutrient Characteristics (%, (DM basis)  

Crude fat 10.53 9.22 9.14 7.97 0.96 0.036 
Protein 31.98 42.46 32.65 31.96 0.03 NS 
Crude fiber 6.50 10.08 7.76 9.17 -0.51 NS 
Ash 4.62 3.72 3.58 2.58 0.97 0.033 
       
TMEn, Kcaa/kg 3743 3002 2897 2712 0.94 0.06 

       
P. ppm 9116 7669 6636 5315 0.99 0.002 
       
Lys 1.04 1.09 1.05 1.04 0.02 NS 
Meth 0.62 0.59 0.64 0.63 -0.13 NS 
Cys 0.62 0.53 0.61 0.61 0.16 NS 
Thr 1.20 1.20 1.22 1.20 -0.18 NS 
       
Digestibility Coefficients (%) 
Lys 75 69.7 76 78.2 -0.90 NS 
Meth 87.3 86.3 88.6 90.9 -0.92 NS 
Cys 80.3 80.7 87.6 87.2 -0.95 NS 
Thr 77.3 80.5 83.2 85.9 -0.99 0.0197 
Arg 88.5 86.7 90.7 92.1 -0.99 0.07 

 
 
Incorporation of DDGS into market turkey diets : 

DDGS

DDGS

Heavy toms

DDGSDDGS

 

Minnesota Nutrition Conference, University of Minnesota, 2006. 
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Use of Corn Distillers Dried Grains With Solubles in Aquaculture Feeds 
Introduction 

FishMeal Trap

the Basics-Nutrition in Aquaculture 

Energy and Appetite

Nutrient 

Uptake 

The Components of Nutrition 
Nutrients

Profile

Energy Equilibrium

S.Noll, V. Stangeland, G. Speers and J. Brannon: Distillers grains in poultry diets. University of Minnesota 
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Protein

 

 
 

 

A availability of Protein 

Sulpher Amino Acids 

Fatty Acids 

 

 
 

 

Minerals 
MacroMicro

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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Vitamins

A, D, C, E

Fibers

Water

Waste

Alternative Protein Sources

Antinutritional 
Tyrpsin Inhabitior

  
 Herbivorous & Ominivorous

 

Distillers Dreid Grain with Solubles 

Distillers Dried Grains

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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Dry Mill Ethanol Plant

Jet 
Cooker

 (DDG)Corn Distillers Dried Grain

Distillers Dried Solubles (DDS)

DDSNutrients
DDGDDGS

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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DDGSDDGDDS

 DDG 
 DDS 
 DDGS 

DDGS

Strong Demand
DDGS

DDGS

DDGS
DDGSDDGS

DDGS

DDGS
DDGSDDGS

DDGS
 

DDGS 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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DDGS
Ra-cinbow Trout

DDGS

DDGS
NRC

DDGS

DDGS
Isocaloric/Isonitrogenous

DDGS

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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DDGS
DDGSDDGS

DDGS

DDGS

DDGS

DDGS

 
Catfish
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Use of Corn Distillers Dried Grain with Solubles in Feeding prawns
Introduction

Overview of Global Shrimp Aquaculture

FAO (2000)FAO

Essential Nutrients

Protein and Amino Acids 

CarnivorousHerbivorous

M. JaponieusL. Vannamei

  

  

  

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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in : Energy RatioProte 

Energy sources 

Atrractants

Gross Energy

 

 

  

  

  

  
itamins Content Minerals and V 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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Binders

 

 

E 

Carnivorous

Devresse

 US Grains Council, 2006         2002انحبى  الامزيكً  مجه  انمصدر :
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Farming Systems and Feeding Methods 

Extensive Farming System (EFS) 

Intensive Farming System-Semi 

Intensive Farming System (IFS) 

Feeding Methods

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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IFOMA, 2000
No Fertilizer or Feed 

Fertilizer Application

Fertilizer and/or Supplementary Feed Application 

Fertilizer and/or Complete Feed Application

 

 

  

  

  

  

  

  

  

 Shrimp Biomass

 

  

 

 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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Otoshi

Tacon

 

 

 

 

 

 

 

 

 

 

 

 

Tacon

 

IFOMA

 

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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Ingredients in Formulating Shrimp Dlets

Rendered

Corn Distillers Dried Grains in Shrimp Diets

Distillers Dried Grains with Solubles

Macrobrachium Rosenbergii

 US Grains Council, 2006         2002انحبى  الامزيكً مجه   انمصدر :
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 US Grains Council, 2006         2002انحبى  الامزيكً  مجه  انمصدر :
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 Biomass
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      US Grains Council, 2006 

*-  Corn Processing Co-Products Manual. Areview of current research on distillers grains and 

corn gluten, NEBRASKA CORN BOARD, Nebraska University Lincoln. 

*- El-Husseiny,O et al. (2006) Evaluation of biologically treated rice straw in broiler feed. 

Egypt. Poultry Sci. J. 26(11). 

*- El Sersy, H.H and N.A. Metawe (2005) : Manufacture of agriculture derived fuel (Adf) from 

Ric Straw. Journal for environmental sciences. Vol3 No. 1 March 2005: PP. 9-31 center 

for environmental research and studies. 

*-  Minnesota Nutrition Conference, University of Minnesota, 2006. 

*-  Multi-State Poultry Nutrition and Feeding Conference (2006). 

*- Noll,S.,V Stangeland, G. Speers and J. Brannon: Distillers grains in poultry diets. University 

of Minnesota  0  

*-  Soha,F. (2007): Evaluation of Jojoba meal as a feedstuff in broilers diet, PhD thesis, Fac. 

Agic. Tanta Uinv. 

*- The nebraska corn board at 1-80-632-6761 e-mail K.brunkhorst @ necorn. State. Ne. us. 
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DDGS

DDGS

 

 

 QGQF

 Elusieve process 

DDGS

DDGS
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