


�� SoybeanSoybean andand productsproducts ofof differentdifferent technologicaltechnological processesprocesses

ofof treating,treating, inin termsterms ofof intensiveintensive cattlecattle production,production, areare primaryprimary

andand necessarynecessary feedfeed--sourcesource ofof dietarydietary proteinprotein..

�� SoybeanSoybean andand productsproducts ofof processingprocessing areare particularlyparticularly

importantimportant feedsfeeds--sourcessources ofof highhigh--qualityquality proteinprotein inin youngyoung

cattlecattle nutritionnutrition..cattlecattle nutritionnutrition..

�� BesideBeside ofof highhigh proteinprotein contentcontent ((3939%%)) withwith favorablefavorable aminoamino

acidsacids composition,composition, soybeansoybean isis richrich inin fatfat ((2020%%),), phospholipids,phospholipids,

tracetrace elementselements andand vitaminsvitamins..



NUTRITIONAL CHARACTERISTICS OF SOYBEAN AND SIGNIFICANCE 

OF HEAT TREATMENT

�� HeatHeat treatmenttreatment ofof soybeansoybean isis commoncommon methodmethod forfor

inactivationinactivation ofof thethe mostmost ofof antinutritionalantinutritional factorsfactors inin rowrow

soybeansoybean..

�� TheThe mostmost ofof thethe antinutritionalantinutritional componentscomponents inin soybeansoybean areare

partiallypartially oror completelycompletely inactivatedinactivated byby appropriateappropriate heatheat

treatmentstreatments asas roasting,roasting, extruding,extruding, micronizationmicronization andand toastingtoasting

areare..

�� AsAs heatheat treatmenttreatment isis commoncommon methodmethod forfor inactivationinactivation ofof

antinutritionalantinutritional componentscomponents inin soybean,soybean, simultaneouslysimultaneously itit isis

usedused forfor reducingreducing proteinprotein ruminalruminal degradationdegradation..



� Heat treating of soybean decreases rumen degradability of

protein and improves intestinal utilization.

� Soybean meal, heat treated soybean (extruded, roasted,
toasted), soybean cake and soybean expeller are the most
common protein feeds-sources of RUP (30-60%) in rations for
all cattle cathegories.
common protein feeds-sources of RUP (30-60%) in rations for
all cattle cathegories.

� Soybean products are characterized with good tastefulness
and optimal profile of intestinal available essential AA, the
most similar to ruminal microbial protein.



� Milk replacers containing entirely milk protein are based on

skim milk powder, whey protein concentrate, whey powder

or delactosed whey.

� Toward to formulating economically acceptable milk

replacers, the most common used alternative and low-cost

sources of protein in milk replacers are soybean flour,

soybean protein concentrate and soybean protein isolate

that are characterized with high digestibility and utilization.



Table 1. Chemical composition of soybean products (% DM) that are used in milk 
replacers. 

Item Soybean flour Soybean protein 
concentrate 

Soybean protein 
isolate 

Crude protein 56.0 72.0 95.6 
Ether extract 1.0 0.3 0.6 
Sugars 16.0 1.0 - Sugars 16.0 1.0 - 
Polysaccharides 15.0 20.0 0.5 
Ash 6.0 5.0 3.3 
Other components 6.0 1.0 - 

 



� Substitution of 50% of milk protein with soybean protein

concentrate in milk replacers, at calves 1-14 days of age,

decreased average daily gain by 32.5% and FCR by 33.3%

(Tomkins at al. 1994).

� This milk replacers used for feeding calves until 42 days of age

with, decreased average daily gain by 7.1% and feed

conversion ratio by 5.9%.conversion ratio by 5.9%.

� This pointing that calves at age later than two weeks are

more tolerant on soybean protein .

� Plant proteins should be used in milk replacers for calves after

third week of age.



� Using of soybean proteins in milk replacers commonly affects
adversely on production performances of calves, caused by
impossibility of soybean proteins to coagulate in abomasum
of calves, inducing of allergic reaction in gastrointestinal
tract.

� Intestinal mucosa histomorphological changes were
registered (decreasing of villi length and crypts depth) at
calves fed milk replacers with soybean flour or soybeancalves fed milk replacers with soybean flour or soybean
protein concentrate, and this could be explained by abrasive
effect of present fibers cellulose and hemicellulose.

� Series of other negative effects on enterocytes of intestinal
mucosa were found at young calves: reducing capacity for
protein synthesis, decreasing activity of digestive enzymes,
reducing of absorption capacity, increasing of mucus
secretion, immune activity and endogenous protein losses.



Table 2. Performances of calves (30-130 days) fed milk replacer with completely milk protein 
(MP), milk replacer with 56% protein from hydrolyzed soybean protein isolate (HSPI), and 
milk replacer with 72% protein from heated soybean flour (HSBF), (Lallès et al. 1995).  

Item MP HSPI HSBF 
Initial BW, kg 53.9 53.4 53.4 
Final BW, kg 165.6 156.9 135.8 
Average daily gain, kg/day 1.23 1.14 0.89 
Feed conversion, kg/kg of gain 1.60 1.68 2.15 
Cold carcass weight, kg 103.6 99.9 81.5 
Digestibility, %    
Dry matter, DM 95.5 93.7 81.3 
Organic matter, OM 96.2 94.8 82.7 Organic matter, OM 96.2 94.8 82.7 
Nitrogen, N 94.4 91.5 68.6 
Ether extract 92.0 89.0 84.1 
Nitrogen free extract, N.F.E. 98.7 98.5 88.4 
Ca 79.8 76.8 53.7 
P 94.0 91.3 75.7 
Retention, g/day    
N 38.0 35.8 30.1 
Ca 19.3 18.1 13.6 
P 11.2 11.4 9.2 
Antibody titers in blood plasma, 74. day    
Against denatured proteins from HSPI 0 1.6 3.1 



� In this researching, hydrolyzed soybean protein isolate did not
show antibody activity of glycinin and β-conglycinin, while
contents of these immunoreactive proteins were 3.94 and
3.61%, respectively, in heated soybean flour. In untreated
defatted soybean flour contents of glycinin and β-
conglycinin with antigenic activity were 26.9 and 19.4%.

� Antitrypsin activity of HSPI was 3.1 TUI (Trypsin Units
Inhibited)/mg CP, while this value for HSBF was 18.0 TUI/mg
CP. In row soybean flour, antitrypsin activity was 87 TUI/mg
CP.CP.

� Average daily gain, digestibility of DM, AA, N and retention of
N were increased when calves fed milk replacer where 50%
of milk protein was substituted with heat treated and
defatted soybean flour, added with synthetic AA: DL-
methionine (0.13%), L-lysine (0.60%) and L-threonine (0.27%),
compared with calves fed milk replacer with soybean flour,
without synthetic AA (Kanjanapruthipong, 1998).



Table 3. Production performances of calves fed milk replacer based on skim milk powder 
and whey powder (MP), milk replacer with soybean flour (SBF), and milk replacer with 
soybean flour with added synthetic AA (SBFAA),(Kanjanapruthipong, 1998). 

Item MP SBF SBFAA 
Intake DM, g/day 671.2 680.0 671.2 
Intake N, g/day 22.5 22.8 22.5 
Average daily gain, g/day 388.0 244.3 308.5 
Digestibility DM, % 92.3 80.9 82.2 
Digestibility N, % 84.9 66.7 68.4 
Retention N, g/day 13.4 8.0 10.4 Retention N, g/day 13.4 8.0 10.4 

 



� Soymilk can be efficiently used for substitution of part of fullfat

milk (up to 50%) in diets for young calves, without negative

effect on calves health, average daily gain and feed

efficiency, while costs of weaning is decreased by 35%

(Ghorbani et al. 2007).

� Calves consumed soymilk, more rapid achieved

concentrate intake of 900 g/day (parameter for weaning

time).



Table 4. Effect of substitution of part (25 and 50%) of fullfat milk (M) 
with soymilk (SM), on production performances of calves (Ghorbani et 
al. 2007). 

Item M SM-25 SM-50 
BW at 49. day, kg 68.3 68.0 65.3 
Total gain, kg 26.4 26.4 23.8 
Total DMI, kg 45.8 50.8 45.6 Total DMI, kg 45.8 50.8 45.6 
Feed conversion, kg of gain/kg feed 
DM  

0.58 0.52 0.54 

Age at 900 g/day starter intake, day 58.4 52.1 49.8 
BW at 900 g/day starter intake, kg 71.4 64.4 61.1 

 



�� UsingUsing ofof heatheat treatedtreated soybeansoybean inin youngyoung cattlecattle nutritionnutrition isis

accordingaccording toto hishis nutritionalnutritional value,value, positivepositive effecteffect onon

productionproduction performances,performances, andand qualityquality ofof realizedrealized productionproduction..

�� EffectEffect ofof includingincluding soybeansoybean inin dietdiet forfor calvescalves dependsdepends ofof

dietarydietary level,level, appliedapplied methodmethod ofof treatingtreating andand exactexact

productionproduction systemsystem..

�� YoungYoung calvescalves requirerequire highhigh concentrationconcentration ofof energyenergy andand

proteinprotein inin rationration..



�� HeatHeat treatmenttreatment ofof soybeansoybean reducesreduces contentcontent ofof solublesoluble NN andand

increasesincreases contentcontent ofof NN fractionfraction bindbind toto fibers,fibers, relativerelative toto rowrow

soybeansoybean..

�� ThisThis couldcould bebe explainexplain byby MaillardMaillard reactionreaction (amino(amino--sugarsugar

complexes)complexes) thatthat reducesreduces solubilitysolubility ofof N,N, partiallypartially thesethese

complexescomplexes retainedretained inin NDFNDF andand ADFADF fractionsfractions (trough(trough outout

sequentiallysequentially fractionationfractionation ofof fibers)fibers)..

�� HeatHeat treatedtreated soybeansoybean thatthat isis characterizedcharacterized withwith highhigh contentcontent

ofof qualityquality proteinprotein (with(with highhigh proportionproportion ofof RUPRUP,, 3939--6262%%)) andand

highhigh levellevel ofof oil,oil, improvesimproves NN balance,balance, providesprovides efficientlyefficiently

proteinprotein utilization,utilization, sufficientlysufficiently supplyingsupplying ofof availableavailable AAAA andand

improveimprove performancesperformances ofof calvescalves ((Stojanović,Stojanović, 20062006))..



�� AccordingAccording toto AbdelgadirAbdelgadir etet alal.. ((19961996),), usingusing ofof roastedroasted soybeansoybean

((138138ooC)C) inin combinationcombination withwith roastedroasted corncorn ((135135ooC),C), improvedimproved

productionproduction performancesperformances ofof HolsteinHolstein calvescalves (daily(daily gain,gain, feedfeed

conversion,conversion, energyenergy utilizationutilization efficiency)efficiency) atat ageage ofof 11--88 weeksweeks (weaned(weaned

atat 66 weeks)weeks)..

�� RuminalRuminal concentrationconcentration ofof NHNH33 waswas higherhigher atat calvescalves fedfed soybeansoybean meal,meal,

relativerelative toto calvescalves consumedconsumed dietsdiets withwith roastedroasted soybeansoybean--138138 andand 146146oo

CC ((22..88,, 11..33 andand 11..66 mM,mM, respectively)respectively) duedue toto differentdifferent contentscontents ofof RDPRDPCC ((22..88,, 11..33 andand 11..66 mM,mM, respectively)respectively) duedue toto differentdifferent contentscontents ofof RDPRDP

((7070,, 5555 andand 4848%%,, respectively)respectively)..

�� BloodBlood ureaurea concentrationconcentration inin calvescalves atat ageage ofof 88 weeksweeks waswas higherhigher forfor

calvescalves fedfed soybeansoybean mealmeal ((22..7575,, 22..3131 andand 22..5858 mM,mM, respectively),respectively), andand

thesethese resultsresults cancan bebe explainedexplained withwith higherhigher ruminalruminal concentrationconcentration ofof

NHNH33..



�� AlbroAlbro etet alal.. ((19931993)) reportedreported thatthat usingusing ofof extrudedextruded soybeansoybean inin

rationsrations forfor steerssteers diddid notnot affectaffect averageaverage dailydaily gain,gain, butbut

improvedimproved feedfeed conversion,conversion, comparedcompared withwith rationsrations basedbased onon

soybeansoybean mealmeal..

�� SubstitutionSubstitution ofof soybeansoybean mealmeal withwith extrudedextruded soybeansoybean inin dietsdiets

forfor youngyoung cattlecattle providesprovides increasingincreasing ofof feedfeed efficiency,efficiency,

followedfollowed withwith reducingreducing ofof dietarydietary DMDM intake,intake, duedue toto higherhigherfollowedfollowed withwith reducingreducing ofof dietarydietary DMDM intake,intake, duedue toto higherhigher

dietarydietary energyenergy concentration,concentration, lowerlower levellevel ofof methanemethane

production,production, andand higherhigher metabolicmetabolic efficiencyefficiency ofof fatfat retentionretention

((StojanovićStojanović etet alal.. 20082008))..

�� ThisThis effecteffect isis moremore expressiveexpressive whenwhen extrudedextruded soybeansoybean waswas

usedused withwith heatheat treatedtreated (micronized)(micronized) corncorn inin mixturemixture forfor

weanedweaned calvescalves..



Table 7. Effects of using extruded soybean and micronized corn in mixture for 
weaned calves (Stojanović et al. 2008). 

Item SM ES ESMC 
Initial BW, kg  62.5 64.6 65.5 
Final BW, kg 121.0 121.6 123.2 
DM intake, kg/day 2855.0 2755.6 2633.8 
Feed conversion, kg/kg of gain 2.93 2.88 2.76 
Utilization efficiency of ME MJ/kg of 
gain 

35.92 35.77 33.96 

Utilization efficiency of CP g/kg of gain 598.49 580.7 540.29 Utilization efficiency of CP g/kg of gain 598.49 580.7 540.29 
Glucose concentr. in blood serum, mmol/l 4.03 4.13 4.30 
Urea concentr. in blood serum, mmol/l 3.44 3.13 2.81 
SM-Mixture with soybean meal 
ES-Mixture with extruded soybean 
ESMC- Mixture with extruded soybean and micronized corn 

 



�� UsingUsing ofof heatedheated soybeansoybean inin mixturesmixtures forfor calvescalves cancan reducereduce

dietarydietary starchstarch concentrationconcentration andand enableenable formulatingformulating ofof dietsdiets

withwith highhigh energyenergy concentration,concentration, withwith avoidingavoiding ofof ruminalruminal

acidosisacidosis appearanceappearance..

�� FavorableFavorable effecteffect ofof usingusing ofof soybeansoybean isis greatergreater whenwhen

concentratedconcentrated dietsdiets forfor calvescalves areare applied,applied, duedue toto lowerlower

interactioninteraction withwith fibersfibers digestibilitydigestibility..interactioninteraction withwith fibersfibers digestibilitydigestibility..

�� However,However, itit isis recommendedrecommended thatthat portionportion ofof soybeansoybean inin

calves’calves’ rationsrations shouldshould bebe limitedlimited atat 2020%%,, duedue toto avoidingavoiding

adverseadverse effecteffect onon rumenrumen digestibilitydigestibility andand tastefulnesstastefulness ofof dietsdiets

((MateosMateos etet alal.. 20022002))..



�� MaigaMaiga etet alal.. ((19941994)) inin experimentexperiment withwith HolsteinHolstein calvescalves ((11--1212

weeks)weeks) foundfound higherhigher dailydaily gainsgains atat calvescalves fedfed mixturemixture withwith

extrudedextruded soybeansoybean mealmeal relativerelative toto calvescalves consumedconsumed

commercialcommercial soybeansoybean mealmeal ((00..7676 andand 00..7171 kg/day),kg/day), dietarydietary

DMDM intakeintake waswas improvedimproved toto ((11..4343 andand 11..3232 kg/day)kg/day).. ThisThis waswas

explainedexplained asas aa resultresult ofof increasedincreased contentcontent ofof RUPRUP..

�� UsingUsing ofof extrudedextruded soybean,soybean, insteadinstead ofof soybeansoybean meal,meal,

especiallyespecially inin combinationcombination withwith heatheat treatedtreated corncorn inin mixturesmixtures

forfor weanedweaned calvescalves ((6060--120120.. days),days), improvesimproves feedfeed digestibilitydigestibility

((110110.. day),day), ((StojanovićStojanović etet alal.. 20072007bb))..



Table 8. Effect of using extruded soybean and micronized corn in mixture for 
weaned calves on feed digestibility (%), (Stojanović et al. 2007b). 

Nutrient SM ES ESMC 
Dry matter 76.09 77.25 79.73 

Organic matter 78.33 78.06 81.91 

Crude protein 71.51 72.14 76.25 

Crude fiber 53.95 52.75 50.90 
Ether extract 88.66 87.36 85.77 

NFE 83.35 84.50 89.57 

SM-Mixture with soybean meal 
ES-Mixture with extruded soybean 
ESMC- Mixture with extruded soybean and micronized corn 

 



�� AtAt contrarycontrary,, GriffinGriffin etet alal.. ((19931993)) inin assayassay withwith steerssteers (initial(initial BWBW
ofof 240240 kg)kg) foundfound thatthat usingusing mixturemixture basedbased onon soybeansoybean mealmeal
((4444%% CP)CP) increasedincreased utilizationutilization andand retentionretention ofof N,N, comparedcompared
withwith usingusing rowrow oror extrudedextruded soybeansoybean..

�� IntestinalIntestinal digestibilitydigestibility ofof AAAA inin extrudedextruded soybeansoybean waswas 8686%%,,
whilewhile inin soybeansoybean mealmeal waswas 9393%%..

�� InIn experimentexperiment withwith femalefemale calvescalves (initial(initial BWBW ofof 101101 kg),kg),
DevantDevant etet alal.. ((20002000)) concludedconcluded thatthat increasingincreasing ofof dietarydietaryDevantDevant etet alal.. ((20002000)) concludedconcluded thatthat increasingincreasing ofof dietarydietary
concentrationconcentration ofof RUPRUP (using(using heatheat treatedtreated soybeansoybean meal,meal,
insteadinstead ofof commercialcommercial soybeansoybean meal)meal) inin mixtures,mixtures, increasedincreased
excretionexcretion ofof NN byby fecesfeces ((3535..88 andand 2929..77 g/day)g/day)..

�� AlthoughAlthough nonenzymaticnonenzymatic reactionsreactions thatthat causecause proteinprotein
denaturationdenaturation inin heatheat treatedtreated feedsfeeds reducereduce AAAA availabilityavailability forfor
ruminalruminal microflora,microflora, alsoalso commonlycommonly reducereduce intestinalintestinal
availabilityavailability ofof AA,AA, tootoo..



UsingUsing ofof soybeansoybean productsproducts inin calves’calves’ nutritionnutrition hashas accordingaccording toto theirtheir

nutritionalnutritional value,value, positivepositive effectseffects onon productionproduction performances,performances, andand qualityquality

ofof realizedrealized productionproduction.. EffectEffect ofof includingincluding soybeansoybean productsproducts inin dietdiet forfor

calvescalves dependsdepends ofof dietarydietary levellevel andand appliedapplied methodmethod ofof processingprocessing..

SoybeanSoybean products,products, primarilyprimarily soysoy proteinprotein concentrateconcentrate andand soysoy

proteinprotein isolateisolate areare widelywidely usedused asas proteinprotein sourcessources inin milkmilk replacersreplacers forfor

calvescalves.. SoybeanSoybean proteinsproteins shouldshould bebe usedused inin milkmilk replacersreplacers forfor calvescalves afterafter

threethree weeksweeks ofof age,age, atat thethe levellevel ofof upup toto 5050%% ofof totaltotal proteinprotein contentcontent..

UsingUsing ofof heatheat--treatedtreated soybeansoybean inin dietsdiets forfor calves,calves, increasesincreases contentcontentUsingUsing ofof heatheat--treatedtreated soybeansoybean inin dietsdiets forfor calves,calves, increasesincreases contentcontent

ofof rumenrumen undegradableundegradable proteinprotein andand fulfillsfulfills thethe needsneeds inin essentialessential aminoamino

acids,acids, andand achievesachieves highhigh energyenergy concentrationconcentration ofof dietsdiets.. UsingUsing ofof heatheat

treatedtreated soybeansoybean inin completecomplete mixturesmixtures forfor calvescalves increasesincreases feedfeed conversionconversion

ratio,ratio, utilizationutilization ofof consumedconsumed nutrientsnutrients andand energy,energy, andand providesprovides betterbetter

averageaverage dailydaily gainsgains..
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