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✘✘✘✘ Processing methods are used to alter certain characteristics of Processing methods are used to alter certain characteristics of Processing methods are used to alter certain characteristics of Processing methods are used to alter certain characteristics of the grain, which improve starch digestion the grain, which improve starch digestion the grain, which improve starch digestion the grain, which improve starch digestion 
by exerting effects on site and extent of digestion. The predomiby exerting effects on site and extent of digestion. The predomiby exerting effects on site and extent of digestion. The predomiby exerting effects on site and extent of digestion. The predominant grain processing methods used in nant grain processing methods used in nant grain processing methods used in nant grain processing methods used in 
Spanish feedlots are grinding and Spanish feedlots are grinding and Spanish feedlots are grinding and Spanish feedlots are grinding and pelletingpelletingpelletingpelleting ((((AcedoAcedoAcedoAcedo----Rico, 2001). Rico, 2001). Rico, 2001). Rico, 2001). 
✘✘✘✘ The clinical chemistry profile is a valuable diagnostic tool thThe clinical chemistry profile is a valuable diagnostic tool thThe clinical chemistry profile is a valuable diagnostic tool thThe clinical chemistry profile is a valuable diagnostic tool that can be used in conjunction with clinical at can be used in conjunction with clinical at can be used in conjunction with clinical at can be used in conjunction with clinical 
examination for establishing and monitoring nutritional protocolexamination for establishing and monitoring nutritional protocolexamination for establishing and monitoring nutritional protocolexamination for establishing and monitoring nutritional protocols and the response to them. s and the response to them. s and the response to them. s and the response to them. 
✘✘✘✘ The present study evaluated the effects of grain processing (The present study evaluated the effects of grain processing (The present study evaluated the effects of grain processing (The present study evaluated the effects of grain processing (pelletingpelletingpelletingpelleting and grinding) on different serum and grinding) on different serum and grinding) on different serum and grinding) on different serum 
metabolic parameters (glucose, NEFA, SUN, TSP, albumin, Lmetabolic parameters (glucose, NEFA, SUN, TSP, albumin, Lmetabolic parameters (glucose, NEFA, SUN, TSP, albumin, Lmetabolic parameters (glucose, NEFA, SUN, TSP, albumin, L----lactate, AST, GGT and amylase of finishing lactate, AST, GGT and amylase of finishing lactate, AST, GGT and amylase of finishing lactate, AST, GGT and amylase of finishing 
bull calves.bull calves.bull calves.bull calves.
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✘✘✘✘ A 77A 77A 77A 77----day feedlot study was conducted using 20 doubleday feedlot study was conducted using 20 doubleday feedlot study was conducted using 20 doubleday feedlot study was conducted using 20 double----muscled Belgian Blue muscled Belgian Blue muscled Belgian Blue muscled Belgian Blue 
steers:steers:steers:steers:

✔✔✔✔ The study ran between 23 and 34 weeks of age and animals averageThe study ran between 23 and 34 weeks of age and animals averageThe study ran between 23 and 34 weeks of age and animals averageThe study ran between 23 and 34 weeks of age and animals averaged d d d 
229229229229±±±±3 kg at the beginning of the study. Cattle were housed in a comm3 kg at the beginning of the study. Cattle were housed in a comm3 kg at the beginning of the study. Cattle were housed in a comm3 kg at the beginning of the study. Cattle were housed in a commercial ercial ercial ercial 
feedlot farm (COREN, SCL, feedlot farm (COREN, SCL, feedlot farm (COREN, SCL, feedlot farm (COREN, SCL, OurenseOurenseOurenseOurense, Spain)., Spain)., Spain)., Spain).
✔✔✔✔ The animals were adjusted to the fattening diet using an adaptatThe animals were adjusted to the fattening diet using an adaptatThe animals were adjusted to the fattening diet using an adaptatThe animals were adjusted to the fattening diet using an adaptation diet for ion diet for ion diet for ion diet for 
7 weeks (from 16 to 23 weeks of age 7 weeks (from 16 to 23 weeks of age 7 weeks (from 16 to 23 weeks of age 7 weeks (from 16 to 23 weeks of age ––––the growing period in the Spanish the growing period in the Spanish the growing period in the Spanish the growing period in the Spanish feelotfeelotfeelotfeelot
system). system). system). system). 

✘✘✘✘ Two experimental 10Two experimental 10Two experimental 10Two experimental 10----calves groups: PF: fed a concentrate in a calves groups: PF: fed a concentrate in a calves groups: PF: fed a concentrate in a calves groups: PF: fed a concentrate in a pelletedpelletedpelletedpelleted form; form; form; form; 
GF: fed a ground concentrate. GF: fed a ground concentrate. GF: fed a ground concentrate. GF: fed a ground concentrate. 

✔✔✔✔ All the grains used in the trial came from the same lot and wereAll the grains used in the trial came from the same lot and wereAll the grains used in the trial came from the same lot and wereAll the grains used in the trial came from the same lot and were processed processed processed processed 
at the same timeat the same timeat the same timeat the same time
✔✔✔✔ To prepare theTo prepare theTo prepare theTo prepare the ground grains, the rollers of the mill were adjusted to crack ground grains, the rollers of the mill were adjusted to crack ground grains, the rollers of the mill were adjusted to crack ground grains, the rollers of the mill were adjusted to crack 
the grain coarsely (5 mm diameter). The grain used for the grain coarsely (5 mm diameter). The grain used for the grain coarsely (5 mm diameter). The grain used for the grain coarsely (5 mm diameter). The grain used for pelletedpelletedpelletedpelleted feed was first feed was first feed was first feed was first 
ground to pass a 3ground to pass a 3ground to pass a 3ground to pass a 3----mm sieve and finally was mm sieve and finally was mm sieve and finally was mm sieve and finally was pelletedpelletedpelletedpelleted in a pellet mill at 70in a pellet mill at 70in a pellet mill at 70in a pellet mill at 70ººººC. C. C. C. 
Final pellets had 4 mm diameter.Final pellets had 4 mm diameter.Final pellets had 4 mm diameter.Final pellets had 4 mm diameter.

✘✘✘✘ Dietary composition was typical of diets given commercially to fDietary composition was typical of diets given commercially to fDietary composition was typical of diets given commercially to fDietary composition was typical of diets given commercially to feedlot cattle in eedlot cattle in eedlot cattle in eedlot cattle in 
Spain (Table 1), with barley straw Spain (Table 1), with barley straw Spain (Table 1), with barley straw Spain (Table 1), with barley straw ad ad ad ad libitumlibitumlibitumlibitum. . . . 

✘✘✘✘ BloodBloodBloodBlood samplessamplessamplessamples werewerewerewere collectedcollectedcollectedcollected by by by by jugularjugularjugularjugular puncturepuncturepuncturepuncture onononon daysdaysdaysdays 0 (0 (0 (0 (justjustjustjust afterafterafterafter thethethethe adaptationadaptationadaptationadaptation periodperiodperiodperiod prior prior prior prior totototo supplementationsupplementationsupplementationsupplementation), 3, 7, 13, 51 ), 3, 7, 13, 51 ), 3, 7, 13, 51 ), 3, 7, 13, 51 andandandand
77 (77 (77 (77 (thethethethe lastlastlastlast daydaydayday ofofofof thethethethe finishingfinishingfinishingfinishing periodperiodperiodperiod, prior , prior , prior , prior totototo slaughterslaughterslaughterslaughter). ). ). ). 

✘✘✘✘ ProductionProductionProductionProduction parametersparametersparametersparameters werewerewerewere measuredmeasuredmeasuredmeasured atatatat thethethethe endendendend ofofofof thethethethe finishingfinishingfinishingfinishing periodperiodperiodperiod, , , , andandandand can can can can 
be be be be consideredconsideredconsideredconsidered as as as as usefulusefulusefuluseful complementarycomplementarycomplementarycomplementary informationinformationinformationinformation associatedassociatedassociatedassociated withwithwithwith
supplementationsupplementationsupplementationsupplementation ((((seeseeseesee Table 2).Table 2).Table 2).Table 2).
✘✘✘✘ Data Data Data Data werewerewerewere subjectedsubjectedsubjectedsubjected totototo analysisanalysisanalysisanalysis ofofofof variancevariancevariancevariance (ANOVA) (ANOVA) (ANOVA) (ANOVA) withwithwithwith groupgroupgroupgroup as as as as thethethethe fixedfixedfixedfixed mainmainmainmain
effecteffecteffecteffect andandandand samplingsamplingsamplingsampling date as a date as a date as a date as a repeatedrepeatedrepeatedrepeated----measuremeasuremeasuremeasure effecteffecteffecteffect; ; ; ; thethethethe modelmodelmodelmodel alsoalsoalsoalso includedincludedincludedincluded thethethethe
effectseffectseffectseffects ofofofof time (T) time (T) time (T) time (T) andandandand treatmenttreatmenttreatmenttreatment (TR), (TR), (TR), (TR), andandandand thethethethe TTTTxxxxTRTRTRTR interactioninteractioninteractioninteraction....

ConclusionConclusionConclusionConclusion

✘✘✘✘✘✘✘✘ NoneNoneNoneNoneNoneNoneNoneNone ofofofofofofofof thethethethethethethethe studiedstudiedstudiedstudiedstudiedstudiedstudiedstudied parametersparametersparametersparametersparametersparametersparametersparameters, , , , , , , , exceptingexceptingexceptingexceptingexceptingexceptingexceptingexcepting creatinine creatinine creatinine creatinine creatinine creatinine creatinine creatinine 
werewerewerewerewerewerewerewere affectedaffectedaffectedaffectedaffectedaffectedaffectedaffected by by by by by by by by graingraingraingraingraingraingraingrain processingprocessingprocessingprocessingprocessingprocessingprocessingprocessing. . . . . . . . 
✘✘✘✘✘✘✘✘ GrainGrainGrainGrainGrainGrainGrainGrain processingprocessingprocessingprocessingprocessingprocessingprocessingprocessing didndidndidndidndidndidndidndidn´́́́́́́́tttttttt affectaffectaffectaffectaffectaffectaffectaffect totototototototo energyenergyenergyenergyenergyenergyenergyenergy availabilityavailabilityavailabilityavailabilityavailabilityavailabilityavailabilityavailability ofofofofofofofof
thethethethethethethethe rationrationrationrationrationrationrationration: : : : : : : : bothbothbothbothbothbothbothboth groupsgroupsgroupsgroupsgroupsgroupsgroupsgroups showedshowedshowedshowedshowedshowedshowedshowed physiologicalphysiologicalphysiologicalphysiologicalphysiologicalphysiologicalphysiologicalphysiological glucoseglucoseglucoseglucoseglucoseglucoseglucoseglucose
andandandandandandandand NEFA NEFA NEFA NEFA NEFA NEFA NEFA NEFA valuesvaluesvaluesvaluesvaluesvaluesvaluesvalues........
✘✘✘✘✘✘✘✘ Animals in the PF group showed higher serum LAnimals in the PF group showed higher serum LAnimals in the PF group showed higher serum LAnimals in the PF group showed higher serum LAnimals in the PF group showed higher serum LAnimals in the PF group showed higher serum LAnimals in the PF group showed higher serum LAnimals in the PF group showed higher serum L--------
lactate concentrations than GFlactate concentrations than GFlactate concentrations than GFlactate concentrations than GFlactate concentrations than GFlactate concentrations than GFlactate concentrations than GFlactate concentrations than GF--------animals, although animals, although animals, although animals, although animals, although animals, although animals, although animals, although 
without significant differenceswithout significant differenceswithout significant differenceswithout significant differenceswithout significant differenceswithout significant differenceswithout significant differenceswithout significant differences
✘✘✘✘✘✘✘✘ ProteinProteinProteinProteinProteinProteinProteinProtein balance balance balance balance balance balance balance balance werewerewerewerewerewerewerewere notnotnotnotnotnotnotnot significantlysignificantlysignificantlysignificantlysignificantlysignificantlysignificantlysignificantly affectedaffectedaffectedaffectedaffectedaffectedaffectedaffected by by by by by by by by 
graingraingraingraingraingraingraingrain processingprocessingprocessingprocessingprocessingprocessingprocessingprocessing, , , , , , , , andandandandandandandand onlyonlyonlyonlyonlyonlyonlyonly SUN  SUN  SUN  SUN  SUN  SUN  SUN  SUN  waswaswaswaswaswaswaswas underunderunderunderunderunderunderunder a a a a a a a a combinedcombinedcombinedcombinedcombinedcombinedcombinedcombined
effecteffecteffecteffecteffecteffecteffecteffect ofofofofofofofof ageageageageageageageage andandandandandandandand processingprocessingprocessingprocessingprocessingprocessingprocessingprocessing methodmethodmethodmethodmethodmethodmethodmethod, , , , , , , , probablyprobablyprobablyprobablyprobablyprobablyprobablyprobably troughtroughtroughtroughtroughtroughtroughtrough
changeschangeschangeschangeschangeschangeschangeschanges in in in in in in in in thethethethethethethethe raterateraterateraterateraterate ofofofofofofofof microbialmicrobialmicrobialmicrobialmicrobialmicrobialmicrobialmicrobial proteinproteinproteinproteinproteinproteinproteinprotein synthesissynthesissynthesissynthesissynthesissynthesissynthesissynthesis. . . . . . . . 

✘✘✘✘✘✘✘✘ ProcessingProcessingProcessingProcessingProcessingProcessingProcessingProcessing methodmethodmethodmethodmethodmethodmethodmethod hadhadhadhadhadhadhadhad no no no no no no no no effectseffectseffectseffectseffectseffectseffectseffects onononononononon thosethosethosethosethosethosethosethose enzymesenzymesenzymesenzymesenzymesenzymesenzymesenzymes
relatedrelatedrelatedrelatedrelatedrelatedrelatedrelated withwithwithwithwithwithwithwith hepatichepatichepatichepatichepatichepatichepatichepatic functionfunctionfunctionfunctionfunctionfunctionfunctionfunction........
✘✘✘✘✘✘✘✘ No No No No No No No No effecteffecteffecteffecteffecteffecteffecteffect ofofofofofofofof processingprocessingprocessingprocessingprocessingprocessingprocessingprocessing werewerewerewerewerewerewerewere observedobservedobservedobservedobservedobservedobservedobserved in in in in in in in in serumserumserumserumserumserumserumserum
amylaseamylaseamylaseamylaseamylaseamylaseamylaseamylase

Under the conditions of our study, and excepting SUN and Under the conditions of our study, and excepting SUN and Under the conditions of our study, and excepting SUN and Under the conditions of our study, and excepting SUN and 
creatinine, creatinine, creatinine, creatinine, none of the studied parameters were affected none of the studied parameters were affected none of the studied parameters were affected none of the studied parameters were affected 
directly by grain processingdirectly by grain processingdirectly by grain processingdirectly by grain processing, and , and , and , and only serum creatinine could only serum creatinine could only serum creatinine could only serum creatinine could 
be considered as a valuable biomarker of be considered as a valuable biomarker of be considered as a valuable biomarker of be considered as a valuable biomarker of pelletedpelletedpelletedpelleted highhighhighhigh----grain grain grain grain 
consumption in bull calves.consumption in bull calves.consumption in bull calves.consumption in bull calves.
Taking into account the previous discussed metabolic Taking into account the previous discussed metabolic Taking into account the previous discussed metabolic Taking into account the previous discussed metabolic 
parameters and the absence of clinical signs of disease overparameters and the absence of clinical signs of disease overparameters and the absence of clinical signs of disease overparameters and the absence of clinical signs of disease over----
ttttiiiimmmmeeee,,,,    iiiitttt    iiiissss    oooobbbbvvvviiiioooouuuussss    tttthhhhaaaatttt    ddddiiiieeeetttt    iiiittttsssseeeellllffff,,,,    oooorrrr    tttthhhheeee    pppprrrroooocccceeeessssssssiiiinnnngggg    mmmmeeeetttthhhhoooodddd    
ccccoooonnnnssssiiiiddddeeeerrrreeeedddd    iiiinnnn    tttthhhhiiiissss    ssssttttuuuuddddyyyy,,,,    hhhhaaaadddd    nnnnoooo    ddddeeeettttrrrriiiimmmmeeeennnnttttaaaallll    eeeeffffffffeeeeccccttttssss    oooonnnn    aaaannnniiiimmmmaaaallll    
hhhheeeeaaaalllltttthhhh....
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