Egypt. Poult. Sci. Vol (9) (I): (77-97)

RESPONSE OF BROILERS TO MICROBIAL PHYTASE
SUPPLEMENTATION AS INFLUENCED BY DIETARY
CORN GLUTEN MEAL LEVELS

BY
El-Deek, A. A., Mona Osman, H. M Yakout, and Effat Yahya

Poultry Production Department,-Ehatby 21545 Alexandria University,
Alexandriai Egypt

Received1510/2008 Accepted 25/02/2009

ABSTRACT: Unsexed Hubbard broiler chicks (n= 160; seven days old)
were used to study the effectfeédingdifferent levels of corn gluten meal
(CGM) with or without phytase supplementation at $00J/kg ongrowth
performance, feed consumption, feed conversion ratio, relative carcass and
blood traits, protein and fat percentage of breast and thigh meat and tibia
and manure ash, Ca and P, respectively. Economic efficiency was also
calculated. Broilers were emlly divided into 8 experimental groups each

of 4 replicates. Dietary CGM substituted 0, 25, 50 or 75% of prdéziels
provided by soybeameal iniso-nitrogenous and iscaloric diets The
experimental period lastefidom 7 to 42 days of age

Results otained can be summarized as follow:

1. Body weights and gains were not significantly affected by dietary CGM
inclusion or CGM x phytase interaction, whereas, phytase
supplementation positively increased these parameters throughout the
entire experimental pesd.

2. Feed consumption was not affected by any of the tested materials.
However, feed conversion ratieas insignificantly improved

3. Dietary CGM inclusion and CGM x phytase interaction did not
significantly affect carcass, giblets, abdominal fatative weights
intestinal length except that of shank color which was increased by
CGM inclusion. Phytase supplementation increasad ash, Ca and P
percentages, whildecreased C& and P46 in the manure.

4. Total plasma protein, lipids and cholesterol concemntratwere not
affected by either CGM x phytase interaction or dietary CGM inclusion.
However, ytase supplementatiamly increased total plasma protein.
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5. Breast, thigh meat protein, fat percentage and cholesterol content were
not affected by CGM inclusiorPhytase addition increased protein
percentbutdecreased those of fat and cholesterol.

6. Diet containing 25% CGM with or without phytase supplementation
had the bestelative economic efficienayalueof 102.27 and 105.11%,
respectively.

So, it canbe concluded that CGM can be included up7&%6 as a
replacement of soybean megbrotein in broiler diets. Dietary
supplementatioof 500FTU/kg phytase improved minerals utilizatjidhus
playing an important role in reducing P environmental pollution

INTRODUCTION

A considerable attention has been paidh®unconventional feedstuffs
as cheap sources of protein to replace soybean meal in formulating poultry
diets. Corn gluten meal (CGM) is one of the most valuablprbgiucts of
wet milling process aftethe germ,oil; bran and starch are extracted from
the shelled corn. Typically, it contains 62% protein and 3720 kcal ME/ kg
on dry basigNRC, 1994). The incraseof this product and its potentiake
as a feedstuff for poultry may be a feasible soluttominimize the problem
of feed shortage (EKomy, 1995). Poultry farmsitilize CGM due of its
high content of proteinEl-Deek, et al., 1996), energy (Hernandez al.,
1981 and Pereet al., 1989) as well as xanthophylls content which is the
carotenoidpigment that imparts yellow color to poultry skin (Damudral.,
1990). Younis (1992) showed that the minerals composition of corn gluten
meal as mg/ 100g. were 22.32 sodium, 34.45 potassium, 238.42 phosphorus,
8.73 iron, 3.96 zinc, 0.75 copper, 3.58 aait, 0.05 manganese and 296.57
magnesium. Unfortunately, A large portion of the phosphorus in cereal
grains and oilseed meals is organically bound in the form of phiAagtate
phosphorus as a percentage of total phosphorus was 45.8% for maize gluten
med (Kirby and Nelson1988) which is not digested by poultry amnaost is
excreted in the manure. The excretion of excess P in the manure has posed
an environmental concern (Ravindranal., 2000. So, there is a renewed
interest in using phytase to redube need for inorganic P supplements and
to improveP utilization present in feedstuffs.

Supplementation of broiler diets with microbial phytase increase P
availability and enhance performan&ohail and Roland, 1999; Waldroup
et al.,2000, Abd El Same&002, Driveret al.,2004 and EHusseinyet al.,
2006). On the other handjixed resultswere obtained by Zhanget al.,
(199%,b), Johnston and Southern (2000) and Mulyargiral., (2004) who
showed thaphytasesupplemerdtion to broiler diets did noshowchanges
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in performance.Regardng minerals utilization, significant increaseere
observedin tibia P and Zn content with phytasepplementatiorio low
nonphytate phosphorus corn/sunflower d&s compared to those un
supplemented (Saleet al., 2003 and ElHusseinyet al., 2006). Likewise,
phytase supplementation increased Mg retention in spite of containing
adequate Zn and Mg levels in the diet.

The objective of the present study was to investigate the effects of
feeding diet containing differenévels of CGM (0, 25, 50 and 75%) as a
potential protein sourcewith/ without dietaryphytase at 500FTU/kg on
performance, carcass characteristics, blooglt, manure and tibia analysis
and economic efficiency of broiler chicks.

MATERIALS AND METHOD S

This experimeratl work was carried out at the PoultResearchCenter,
Faculty of Agriculture, Alexandria University. Corn gluten meal was
purchased fronthe National Company for Maize Products the 10" of
Ramadan City, Egypt.

Corn Gluten Meal Evaluation:

Proximate analysis of corn gluten meal wasried outaccording to
methods of Association of Official Analytical Chemists (A.O.A.C., 1985).
Amino acids profile of the tested material was determined according to
Duranti and Cerlletti (1979). Apparemetabolizable energy (AME) was
determinedas describedby Vohraet al., (1982): AME (Kcal/Kg feed) =
(GE in feed’ GE in excreta) / feed intakfég.) x 1000

To determine AME10 cockerels, 52 weeks old were divided into two
groups, each reared in indival cages an@GM was substitute of 25% of
the basal diet (Table 1).

Total protein efficiency (TPE) assay of corn gluten meal @etermined
according to the procedure described by Woodbkawl., (1972), where 40
chicks 14day old were divided into tworgups with 4 replicates of 5 birds
each with using experimental diets presenteqTiable 1). Total protein
efficiency was calculated as followSPE = Body weight gain, g. / Total
protein consumed, g.

Experimental Design:

Hundred and sixtpnsexedsewvendays old, Hubbard broiler chicks were
distributed into 8 treatments of 20 chicks each, in 4 replicates (5 chicks
each). Corn gluten meal was used as a protein source to substitute 0, 25, 50
and 75% of the protein provided by the soybean meal. All dietie
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formulated as iso-nitrogenous and isoaloric, 23% CP and 3200 Kcal
ME/kg diet (starter) as well as 21%CP and 3200 Kcal ME/kg diets (grower)
as shown ir{Table2). Each experimental diet wésd with/ without dietary
phytasé supplementation at 5G8TU/Kg diet

Feed and water were offered Libitum. Live body weight (BW) and
feed intake (FI) were recorded weekly. Body weight gain (BWG) and feed
conversion ratio (FR) were calculated.Mortality was recordedlaily and
the economic efficiency was calated at the end of the experiment.

At the end of the experiment (6 weeks of age), 3 birds from each
treatmentrepresentingaverage BW of the treatmemtere fasted for 12
hours, weighted, slaughtered and their feathers were removed. Empty body
weight, aldlominal fat andall internal organs ereweighted and divided by
live weight to calculate relative weight. Liver, gizzard, heart were separately
weighed, then divided by live body weight to calculate their relative
weights. Shank colorsvere measured by Rate color fanand intestinal
length were also determined. Individual blood samples were collected into
dry clean centrifugéeparinizedubes werecentrifuged at 3000 rpm for 20
minutes. Plasma samples were separated and storg@°@tfor chemical
analysis of total protein (Gormallet al., 1949), lipids(Zollner and Deloach
1962), cholesterolRatlliff and Hall, 1973). Breast and thigh meat samples
were taken to estimate their lipids, protein and cholesterdessribed by
Folch et al., (1957), A.O.A.C (1985) and Ajuyahet al., (1991),
respectively.Tibia bones wre collected during slaughter while manure
samples were collected from each treatmenheéxperiment duringhe 4"
weekfor CaandP analysis

Statistical Analysis:

Data were subjectetd analysis of variance usirgeneral mixed model
procedure $AS, 1996). Mean dfferences amongtreatments were
determined using the least significant difference (LSD) test.

RESULTS AND DISCUSSION
Corn Gluten Meal Evaluation:

The chemical composition @@GM; (Table 3) indicates that crude protein
and ether extract were about 1.36 and 5.00 &sldhoseof soybean meal,
respectively. Meanwhilegrude fiberof CGM was about 28.5% of soybean
meal 44% (NRC, 1994)hese results agree with findings of Mohar(i£ab2)
who suggested that CGM protein ranged fromid@84% with an average of

2 Natupho$ a product of BASF, 100 Campusiile 07932Florham Park, NJ USA
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50%. Similar values were also reported by Younis (1992Kdaty, (1995)
and ElDeeket al.,(1996).The AME of CGM was 3703 Kcal/Kgvhichwas
in agreement with those of Albinet al., (1986); EtKomy (1995) and El
Deeket al.,(1996).

Amino acids content of CGM is shown ifTable 3), Lysine and
tryptophancontent were about 37.2% and 37.8% of those reported by NRC
(1994) for soybean meal, respectively. Meanwhi&:sM methionine
content was about 2.9 fold diatof soybeamrmealcontent. These findings
were in good agreement with results ofiidek,et al, (1996).

Total protein efficiency of the tested mate @lGM) was lower than that
of soybean meal by about 49.8% (Ta#)ePoor protein quality for CGM
tested biologically bychicks'assay of TPE was probably dueth® badly
un-balanced amino acid pattern and /or its poor availability of some amino
acids especially lysine compared with that of soybean meak Ppresent
resultis consistent with that of Mohamed (1992), who reported that the TPE
value of chicks fed soybean medaliet was significantly higher than those
fed CGM diets. Also, EKomy (1995) and EDeeket al.,(1996) found that
TPE value of CGM was significantlypwer than that osoybean meain
Muscovy ducks.

Live Body Weights and Gains:

Data concerning the effects of CGM inclusion with or without phytase
supplementation on body weighind weight gaisare presenteth (Table
5). Inclusion of 25 or 50% CGM ithe broiler diets increased body weight
and weight gais, respectively On the other handdietary phytase
significantly increaseqP O 0 .b@hlbody weight and body weight gain
throughout all experimental period except for tilevkek(data not shown)
This increase presented 5.6 and 6.1 % over the control in body svaight
weight gairs at 42 days, respectively. Overatiot significanteffectswere
noted due t&€GM x phytase interaction on body weiglaind weight gais

FeedConsumption:

Inclusionof different levels ofCGM in broiler diets did not affect feed
consumptionduring all experimental periodsTéble 5). Dietary phytase
increased(P O 0 . fedd Iconsumptiorduring the whole experimental
period Overall, no effects were observed imregard to feed consumptioh
is worth to note that wting the & week of age, idtary phytase
supplementation tdiets contain 50 and 75% CGM increagfd0 0. 00 1)
feed consumption compared toosie fed diets of the sam€GM level
without phytase supplementatibg 0.58 and 1.40%respectively
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FeedConversionRatio:

Corn gluten meal 25 and 50% inclussdmave significanty P O 0. 0 1)

improved feed corersion ratio throughouhe experimental perio®verall

(1 to 6 weeks)the improvement iieed conversion ratio was the extent

of 2.2 and 1.1%when compared toontrol group (Tabl&). Similar results

were notedwith phytase supplementatigf O 0. Fékedconversion ratio
improvemenwasabout 5.3%when compared tthe control.Overall (1 to 6
weeks), CGM x phytase interactibada significanty better P O  8) fe@d
conversionratio valuesof chicks fed CGM with phytase in comparison to
those fedCGM without phytase groups, respectively

These results suggests that phytase addition has increased body weight,
body weight gain and improved feed conversion without affecting feed
consumption of broiler chicks at 6 weeks of age. These finding are in
ageement with results of Waldrowat al., (2000), Zylaet al., (2000), Abd
El Samee (2002) and Hlusseinyet al., (2006) who suggested that body
weight and feed conversion of broiler chicks were significantly improved by
phytase supplementation. The impeawents in growth performance
observed in broiler chicks fed diet plus phytase may beaiudg therelease
of minerals from the phytata@ineral complex2) the utilization of inositol
by chicks, 3) increased starch digestibibityd/or 4) increased avaibility
of protein as suggested by Simatsl.,(1990).

CarcassCharacteristics:

Inclusion of CGM inbroiler diets did not affectrelative weights of
carcass, heart, liver, gizzard and abdominal as well as intestinal length, but
significantly increased (P O 0 . dha&hl color (Table6). Phytase
supplementation did not affect heart, liver and abdominal fat percentages,
but it has adversely affected the dressing percenéadbe carcass relative
weightreduction reached 2.4% of that of the cont@bposgte resultswere
found by Abd ElHakim and Abd ElSamee (2004) and Ravindran al.,
(2006) who reported that phytase supplementation significantly increased
dressing percentage.

On the other hand, phytasapplementatiosignificantlyincreasd (P O
0.05 gizzard relative weight, intestinal length and shank coldxo
significant effects were detected in regard toitheractioneffect of CGMx
phytase on carcass, giblets, abdominal fat percentage of live weight,
intestinal length and shank color of berd
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Tibia and Manure Composition:

Dietary CGM inclusion at different levels irbroiler diets did not
significantly dfect tibia and/or manure ashCa andP percens (Table 7).
Phytase supplementation significantly increage® 0 tilalagh,Ca and
P percents, whilsignificantly reduced P O 0 .m@rire ashCa and P
percents The increase in tibia ash wa2%, whereas, theeductionin
manure ash reached 9.1 comparedo the control. Generally, thexgere
no signifiant CGM x phytase interaction effeds ash,Ca and P percents
of tibia and or manureof broiler chicks These results are in accordance
with thosefindings of Waldroupet al., (2000) Salenet al., (2003) and El
Husseinyet al.,(2006) who reported thaiddition of phytase to broiler diets
increased tibia asia and PThismight be due tanorganic Prelease from
the phytate moleculdue to phytase supplementatiand subsequegtan
increasan P availability and utilization by bose

Therefore,the keneficial effect of phytase supplementation on tibia can
be explained by understanditige negative role ophytic acids fornng
complexes with different cations.e. Ca, Mg, K, Mn, Fe and Zn and
reduces their availabilityResults of Ravindraet al., (2000); Ahmedet al.,
(2000), Viveroset al., (2002) and EHusseinyet al., (2006) explains more
by indicaing that phytase supplementatido lower phosphorus diets da
increased relativ€aandP retentionby broiler chickensvhencomparedo
the controldiet.

This reduction of P excretion is particularly importantRnpollution
reduction by poultry manure. Simonet al., (1990) reported that
supplemental phytase could lower P excretion by more than 4096
increasing P availabilitjo the bird

Blood Constituentsand M eat Composition:

Dietaryinclusion of CGM intested dietslid notsignificantly affect total
plasma protein, lipids and cholesterol as well as breast or thigh meat protein,
fat percentage and cholesterol content Taf@eand9). On theother hand,
phytase supplementation positivatgreased® O 0 totalSlasma protein
without showing any significant effect on plasma total lipids or cholesterol.

Significant increase P O 0 .w@ré hotedin breast and thigh meat
protein percent byabout 7.5and 6.9%, respectivelyhile, significant
reductonsPO 0. 01) wer e o fatparcentandichdlesteral e gar d t
contentof both breast and thigh medlio interaction effects oCGM x
phytasewere notedn theseparameterP O 0. 0 1)
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These results could be explained by the findings of Namkung and
Leeson, (1999) and Ravindranhal.,(2000) whoreportedthat supplemental
phytase increased ileal digestibility ®f. and amino acids and thW
retention of broilers.

Economical Evaluation:

The 75% CGM inclusion in broilers diets slightly increased feed cost
whencompared tall othertestedgroups (Table @). Furthermore, pytase
supplementation raiséddedcostascompared to wsupplemented diets. Net
revenugL.E.) of phytase supplementeliets showednimprovementvhen
compared tmonsupplemented diets at &GM dietary inclusiorevels

Broiler diet thatcontained 25% CGM without phytasepplementation
had the best relative economic efficiency value (105.12&litiondly, the
sameCGM dietary inclusionwith phytase supplementatidmad the best
relative economic efficiencgf (102.27%). Inclusion of 75% CGMith or
without phytasesupplementatiorreducedrelative economic efficiencgs
compared to that of the control dietis92.61and 87.50%6, respectively.

Finally, it could be concluded th&GM protein couldbe used as a
replacenent forsoybean meal protein up to 75% in plant broiler digigev
using a 500 FTU/ kg diephytasesupplementatiorto improve broilers'
performance minerals and amino acidstilization. Moreover, unavailable
phytate Pwill be excreted in manure, and may cawsé® elevation in
manure toreach an extent that it could be ovaants P requirements
Excesgs ofmanureP can be washed intsmder groundvater,where itwill
cause rapid algagrowth and reducesthe oxygen amount in water.
Thereforeusageof phytase in poultry diets wilhelp as a tool taeduce
environmentaP pollution.
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Table (1). Composition of the basal diet used in the Apparent
Metabolizable Energy TPE experiments, for corn gluten
meal protein and energy evaluation

. . TPE Diets

Ingredients, % AME Diet Control Tested
Yellow corn 66.50
Wheat 48.00 48.00
Soybean meal (44% 15.00 27 30
CP)
Wheat bran 3.05
Corn gluten meal
(60% CP) 20.00
Fish meal 5.00
Corn oil 6.78 5.34
Starch 5.50 5.50
Bone meal 1.30 2.85 3.02
Limestone 8.55 0.34 0.44
Min. & Vit. Premix* 0.25 0.30 0.30
Yeast 1.15 1.15
Salt (NaCl) 0.30 0.35 0.35
DL -Methionine 0.05
Sand 7.43 15.90
Total 100.00 100.00 100.00
Calculated values, (%
ME Kcal/Kg 2,758.20 3,000.00 3,00000
Crude protein 16.09 18.44 18.43
Crude fiber 2.58 3.11 1.87
Ether extract 3.04 8.05 7.15
Methionine 0.36 0.26 0.44
TSAA 0.64 0.56 0.74
Lysine 0.84 1.01 0.42
Calcium 3.69 1.00 1.00
Avail. Phosphorus 0.42 0.51 0.50
Linoleic acid 1.37 3.92 3.36

* Minerals & vitamins premix: Added as 2.5 Kg/ton of diet and supplied the following (as mg or
I.U./kg of diet): Vit. A 10000 I.U., Vit. D; 1,000 I.U., Vit. E 10 mg, Vit. K1 mg, Vit B; 1 mg, Vit.
B, 4 mg, Vit. Bs 1.5 mg, Pantothenic acid 10 mg, Vit;,.01 mg, Folic acid 1 md\iacin 20 mg,
Biotin 0.05 mg, Choline Chloride 500 mg, Zn 45 mg, Cu 3 mg, Fe 30 mg, 1 0.3 mg, Se 0.1 mg, Mn
40 mg, Ethoxyquin 3000 mg.
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Table (2). Composition of broiler diets containing high levels of corn gluten meal substituting soybean meal protein used for starter
and grower diets.

Corn gluten meal protein, %

Ingredients, % Starter Grower
C 0 25 50 75 1] 25 50 75

Yellow com 45.00 45.00 45.00 45.00 52.38 52.38 52.38 52.38
Soybean meal (44% CP) 43.38 32.53 21.69 10.85 37.40 28.05 18.71 9.35
Comn gluten meal (60% CP) - 7.96 15.91 23.86 -— 6.86 13.72 20.58
Vegetable oil 7.96 7.38 6.80 6.22 6.68 6.17 5.67 5.18
Bone meal 2.24 . 2234 2.47 2.59 2.25 2.33 2.44 2.54
Limestone 0.68 0.69 0.70 0.69 0.62 0.62 0.62 0.62
Min. & Vit. Premix* 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Salt (NaCl)y 0.30 0.30 0.30 030 0.30 0.30 030 0.30
L-Lysine - 0.00 0.00 0.22 0.46 - 0.02 0.22 0.42
DL-Methionine : 0.14 0.07 0.00 0.00 0.07 0.01 - —
Sand 0.00 3.44 6.61 9.73 - 296" 5.64 8.33
Totai 100.00 100.00 160.60 100.00 100.00 100.00 100.00 100.00
Calculated values
ME Kcal/Kg 3,200.50 3,200.20 3,200.10 3,200.10 3,200.80 3,200.20 3,200.20 3,200.30
Crude protein 23.00 23.00 23.00 23.00 21.01 21.01 21.02 21.01
Crude fiber 3.50 3.01 2.52 2.02 3.29 2.86 244 2.02
Ether extract 10.10 9.74 938 9.03 9.05 8.74 8.43 8.12
Methionine 0.50 0.50 - 0.50 0.58 0.40 0.41 0.46 0.52
TSAA 0.87 0.87 0.87 0.95 0.75 0.75 0.80 0.86
Lysine 1.34 1.1 1.10 1.10 1.18 1.00 1.00 1.00
Ca 0.99 0.99 0.99 0.99 0.96 0.95 0.95 0.95
Avail. Phosphorus 0.46 0.46 0.46 0.46 0.45 0.45 0.45 0.45
Linoleic acid 5.16 4.94 4.71 4.49 4.61 4.42 4.22 4.03

A. A. El-Deek.et al.

*Minerals & vitamins premix: Added as 3 Kg/ton of diet and supplied the following (as mg or §.U./kg of diet): Vit. A 12.000 L.L.. ViL. D; 2000 L.U., Vit E 10 mg. Vit. K; 2 mg. Vit B, 1
mg, Vit. B; 4 mg, Vit. B 1.5 mg, Pantothenic acid 10 mg, Vit. B,; 0.01 mg. Folic acid 1 mg, Niacin 20 mg. Biotin 0.05 mg. Choline Chloride 500 mg. Zn 55 mg. Cu 10 mg, Fe 30 mg, |
| mg, S¢ 0.1 mg, Mn 55 mg, Ethoxyquin 3,000 mg. ’
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Table (3). Chemical analysis apparent metabolizable energyalue
and amino acid compositionof corn gluten meal used in experiments

compared tosoybean meal

Nutrients, % CGM!? SBM*
Dry matter 89.0 89.0
Crude Protein 60.0 44.0
Ether Extract 4.0 0.8
Crude Fiber 2.0 7.0
Ash 25
NFE 20.5
AME 3 (Kcal/Kg) 3,70300 2,230.00
Amino acid, %
Arginine 2.20 3.14
Cystine 0.90 0.66
Glycine 2.60 1.90
Histidine 1.40 1.17
Isoleucine 2.70 1.96
Leucine 9.10 3.39
Lysine 1.00 2.69
Methionine 1.80 0.62
Phenylalanine 3.90 2.16
Threonine 2.70 1.72
Tryptophan 0.28 0.74
Tyrosine 2.60 1.91
Valine 3.90 2.07

ICGM: corn gluten meafSBM: Soybean meal
SAME : apparent metabolizable energy

*(NRC, 1994)
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Table (4). Total protein efficiency assay omparing corn gluten meal(CGM%)
protein and soybean meal (SBM) protein in broiler diet s throughout
14to 28 days of age.

Parameters SBM CGM P value
Initial body weight (g) 241.25° 6.02 242.00° 4.68 0.9253
Final body weight (g) 701.50°21.21* 397.00°17.00° 0.0001
Body weight gain (g) 460.25° 15.90" 155.00° 14.02° 0.0001
Feed consumed (g) 1109.00° 3.41* 743.75° 2.39° 0.0001
Protein consumed (g) 204.05° 0.63" 137.07° 0.44° 0.0001
Total protein efficiency 2.25° 0.01" 1.13°0. 01° 0.0001

abCMeans within a row with no common superscripts differ significariRly (0.05) based on least
significant difference (LSD). *CGM: corn gluten meal 2SBM: Soybean meal

Table (5). Body weights gains, feed consumption and feed conversion ratas affected
by feeding corn gluten meal (CGM") as a protein source substitutig
soybean meal protein(SBM?) to broiler chicks during growth period from 0
to 6 weeksof age

. Body weight Feed Feed conversion
pcrzcgg/iln Phytase Body weights gains consumption ratio
6 weeks 0 to 6 weeks
0 - 1563.50+29.08 1422.05+27.38 2650.75+16.46 1.86+0.012
+ 1627.50+18.03 148630%#15.53  2671.75+4.62 1.79+0.003
25 - 1582.50+38.73  1441.25+37.23 2675.50+18.69 1.85+0.015
+ 1687.00+23.93 1545.90+21.56 2666.00+17.13 1.72+0.011
50 - 1583.89+32.65 1443.11+31.63 2662.25+14.04 1.85+0.013
+ 1666.94+26.64 1524.00+24.37 2677.75+£16.91 1.76+0.013
75 - 1536.58+24.31 1394.74+23.09 2646.75+£13.07 1.90+0.005
+ 1633.61+28.86 1490.11+26.71 2683.25+19.74 1.80+0.014
P value 0.80 0.10 0.47 0.05
0 1595.50+17.65 1454.18+16.36 2660.25+8.85 1.83%+0.014
25 1634.75+23.98 1493.58+22.82 2670.75+1.87 1.79+0.026
50 1625.42+20.92 1483.56+20.83 2670.00+10.59 1.81°+0.019
75 1583.78+20.21 1416.08+4.82 2665.00+12.95 1.85+0.019
P value 0.26 0.19 0.90 0.0001
- 1566.56+15.73  1425.29+15.07 2658.81+7.60 1.87+0.007
+ 1653.95+12.28 1511.89+1120 2674.69+7.23 1.77+0.009
P value 0.0001 0.0001 0.13 0.01

abC\eans within a column with no common superscripts differ significant!9.qt6) based on
least significant difference (LSD}CGM: corn gluten meal 2SBM: Soybean meal
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