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ABSTRACT

To assess effects of dietary inclusion of guar (@) supplemented with a commercial enzyme progitbtmain
activity of ;-mannanase on egg quality characteristics and blpameters of laying hens, 144 Lohmann LSL-Lite
hens were divided in 24 cages (n=6). Hens in 4 sgoeplicates) were randomly assigned to feed anafrthe six
experimental diets. Based on a 3x2 factorial arramgent, six iso-caloric and iso-nitrogenous dietEE@2720
kcal/kg and CP=145.8 g/kg) including three levelgyoar meal (0.0, 25 and 50.0 g Rgwith and without enzyme
(Hemicell®, 0.0 and 0.4 g ki were formulated. To determine blood biochemicaiameters and differentiable
count of white blood cells, one hen per replicatesweled via wing vein on day 35 of trial. Collectdata was
analyzed based on completely randomized desigig @irM procedure of SAS. Adding GM to diet of laylengs
did not significant effect on egg traits includiegg index, yolk index, Haugh unit, egg shell weaid thickness.
Diet enzyme supplementation decreased yolk indé>egg shell thickness. Interactions between dieti@\ision
and enzyme supplementation on white blood cell tcand plasma level of IgG were not statisticallgrsficant.
There was no significant effect of diet GM inclas@n white blood cell count and plasma level of .Iggazyme
supplementation decreased the blood counts of tyetél and basophill and increased lymphocyte. Nofi¢he
blood biochemical parameters except for cholestewds affected by diet GM inclusion and enzyme
supplementation. Adding GM to diet of laying hertseased the serum level of cholesterol.
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INTRODUCTION

Guar (Gyamopsis tetragonoloba) is a drought totelegume most prominently produced in India andiftak.
Isolation of the galactomannan gum vyields a higbtgin by-product containing guar hull, germ anddesal gum
[1]. Galactomannan gum in turn is used as pharnimeési as well as in oil well drilling mud, ore tigion, paper
making, and even explosives. The imported guar grerusually in the form of guar splits rather thdmle seeds
as the by-product guar meal (GM) usually remainsaasource of protein for use in animal feeds. Effare
underway to increase production of guar as it iseacellent drought tolerant rotational crop withtton and
sorghum that does not require irrigation. Guar mesalally sells for almost half that of soybean neaa is most
commonly used in cattle feedlot operations. Inaedasroduction of guar beans may offer expanded rppities
for use in least cost poultry feeds. The crudeginotontent of GM varies from 35 to 47.5% on a ohgtter basis
[2]. Verma and McNab [3] reported that about 88Uder protein in GM was found to be present as tratem, and
rich in arginine. However, methionine and lysinencentrations were comparatively lower than conegioins
typically found in soybean meal [4], and inadequateoptimum rat growth [5]. Ambegaokar et al. R]ggested
that tryptophan, methionine and threonine werditeethree deficient amino acids of GM when conguhto whole
egg protein. The gross energy of raw and autocl@®dwere reported as 4.837 and 4.861 kcal/g whk N-
corrected ME values of raw and autoclaved GM wef®%2 and 2.069 kcal/g respectively [6]. Guar mdab a
contains chemical compounds called saponins thatramged from 5 to 13% by weight of dry matter 8T,
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Saponins are currently being investigated for aatierial [8, 9], antiprotozoal [10], and antifundal] activities.
Since both saponins and protein are concentratéteilull and germ fractions of the guar bean, goeal [2, 12]
may be useful as a practical ingredient for pouted [13-15].

Excessive concentrations of GM in poultry dietsseadiarrhea, depresses growth rate and increasealityioof
broilers [16-20], and decreases egg productionfaed efficiency of laying hens [20-23]. Severe @smgion in egg
production to cessation of lay were observed byrd@rmann et al. [24] who fed laying hens 10 and 15RA to
induce a molt, and later obtained a satisfactostpmlt laying performance.

Bakshi et al. [25] proposed that GM contains twéetdgious factors: trypsin inhibitor and guar guesidue. The
trysin inhibitor was listed as a deleterious fadiecause the chicks fed GM had been reported septgancreatic
hypertrophy [26] which can also be found in chickéed un-heated soybean meal. However, the tryiphibitor
was not universally accepted as a primary factotie deleterious effects of feeding guar prodagbaultry [27-
28]. Verma and McNab [19] reported that neithertingathe GM directly nor steam pelleting diets @ning GM
had much effect on the performance of the broifécks, which was in agreement with the findings\aigpal et al.
[29] who reported autoclaving GM did not improve @gross protein value for chicks.

Guar gum is a galactomannan polysaccharide camgisif a 1-4-linked p-D-mannopyranose backbone with
branched 4-6-a-D-galactopyranose. The residual gum content ot&lgGM is approximately 18 to 20% [29, 30].
A series of feeding experiments conducted by Vama Kratzer [28] demonstrated that as little asdldr gum in
broiler chicken diets causes a depression of growthen the diet contained 2% guar gum, the relajioavth of
broiler chickens was 61 to 67.4% of controls. Inyimg poultry performance by dietary manipulatiors leeen the
goal of nutritionists. Using feed additives likezgmes [31, 32], organic acids [33] or medicinalntéa[34, 35] has
been reported by other researchers. Addition ol feezymes to improve dietary nutrient utilizatiomshbecome
popular during the last 10 yr. There are growingnests in the potential of other enzyme productsniprove
performance of poultry provided with corn-soybeagahbased diets. Hemicell is a fermentation prodéi8acillus
lentus Its active ingredient i§-mannanase, which can hydroly2enannan in feeds-Mannan in ingredients such
as guar, soybean meal, and sesame meal, is a pbwstinutritional factor. Guar gum can dramatigadlter the
viscosity of the contents of the gastro-intestimatt resulting in significant physiological effecHigh viscosity is
generally connected with delayed gastric emptying imcreased small intestinal transit time, hemdgbiting the
absorption of nutrients [36]. This investigation sveonducted to evaluate effects of dietary inclusid GM
supplemented witf-mannanase enzyme on egg quality characteristitblaod parameters of laying hens.

MATERIALSAND METHODS

A total number of one hundred forty four 74-weel-bbhmann LSL-Lite hens, with an average laying raft 86.3

+ 3.8% (late production phase) and 1410 + 18 g tiedy weight, were divided in 24 cages (n=6). Hené cages
(replicates) were randomly assigned to feed on mih¢he six experimental diets. Based on a 3x2 faadto
arrangement, six iso-caloric and iso-nitrogenoessdiME=2720 kcal/kg and CP=145.8 g/kg) includingee levels
of guar meal (0.0, 25 and 50.0 gkgnith and without enzyme (Hemicell®, 0.0 and 0.&d)) were formulated.
The hens were housed in laying cages made fromagakd metal wire which provided approximately 430
cm2/hen. The cages were located in a windowlessamlonmentally controlled room with the room teargture
kept at 21-23°C and the photoperiod set at 16ligbf (incandescent lighting, 10 lux) and 8 h ddtlch cage had a
nipple waterier. Water was availakdd libitum throughout the experiment. Feed consumption wassuned on a
weekly basis. To determine blood biochemical patarseand differentiable count of white blood cetlse hen per
replicate was bled via wing vein on day 35 of triabllected data of blood biochemical parametetsegyg quality
traits was analyzed based on completely randomiesign using GLM procedure of SAS. All statements o
significance are based a probability of less th&%.0The mean values were compared by Duncan’dpteutange
test.

RESULTSAND DISSCUSION

Effects of adding GM to laying hens' diet with andhout enzyme on egg quality characteristics assgnted in
table 1. Interactions between diet GM inclusion amkyme supplementation on egg quality traits weve
statistically significant, except for Haugh unitdding GM to diet of laying hens did not significagftect on egg
traits including egg index, yolk index, Haugh umgg shell weight and thickness. Diet enzyme supgigation
decreased yolk index and egg shell thickness. Mtexior and exterior quality of eggs were reported to be
deleteriously affected by GM feeding [17, 20, 24] 8xcept that the yolk color index decreased whthinclusion
of guar meal in laying diets [3]. Feeding of GG@M did not affect egg weight or shell quality, lwécreased the
egg yolk color and Haugh units. Guar increased latessand relative liver weight, but did not afféke weights of
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the pancreas, spleen, or the incidence of fattgrlier liver hemorrhage. Feeding 10% GM depressed fe
consumption and increased body weight loss. Feethi§ GM severely depressed egg production follotbwec
recovery of production after returning to 0% GMdagy [38].

Table 1. Effect of dietary inclusion of guar meal (0, 25 and 50 g/kg) and enzyme supplementation (0 and 0.4g/kg) on egg quality traits
(egg index, yolk index, haugh unit, egg shell weight and egg shell thickness)

Egg quality characteristics
Eggindex Yolkindex Haugh unit Egg shell weighEgg shell thickness

Treatment
Enzyme

0.00 74.48 43.19 70.43 7.16 39.18

0.04 75.22 42.38 70.96 7.01 37.77
Guar meal (9/1009)

0.00 74.67 42.95 71.78 7.15 37.96

2.50 75.38 42.92 69.62 7.05 38.90

5.00 74.51 42.76 70.68 7.08 38.56
Guar meal Enzyme

0.00 0.00 71.47

0.00 0.04 72.09

25 0.00 71.89

25 0.04 67%6

5.00 0.00 68.23

5.00 0.04 73.13
SEM 0.92 0.27 1.09 0.13 0.71
CcVv 2.46 1.28 3.09 3.56 3.71
Source of variation Probability
Guar meal 0.609 0.764 0.171 0.724 0.431
Enzyme 0.337 0.014 0.560 0.161 0.025
Enzyme x Guar meal 0.963 0.111 0.003 0.101 0.459

a-b Means within a column (within main effectsywib common superscript differ significantly (P 8®), SEM= Standard error of means

Table 2. Effect of dietary inclusion of guar meal (0, 25 and 50 g/kg) and enzyme supplementation (0 and 0.4g/kg) on white blood cell
counts (heter ophil, lymphocyte, monocyte, eosinophil, basophil and heter ophil to lymphocyteratio) and | mmunoglobulin 1 Gg(g/l).

Hetranhill lvmnhocvte  Monacvte  Fasinonhil — Basonhi aG (a/l)

Treatmer
Enzvmea/100a
0.0C 30.5¢ 66.5¢ 0.8¢ 0.5C 1.6€ 0.751
0.04 26.5¢ 71.87 0.2t 0.3¢ 0.7%° 0.76¢
Guar meé#a/100a
0.0C 28.2¢ 69.12 0.62 0.5C 1.5C 0.72
2.5C 28.5( 69.87 0.37 0.12 0.87 0.77
5.0C 28.81 68.5( 0.62 0.62 1.2¢ 0.77
SEM 2.21 2.3¢ 0.4< 0.31 0.4f 0.02
CVv 15.4¢ 6.8¢ 164.2¢ 149.6¢ 74.92 7.81
Source of variatic Probability
Guar mes 0.96( 0.847 0.817 0.27° 0.39¢ 0.407
Enzvme 0.04: 0.01: 0.12¢ 0.521 0.02¢ 0.57:
Enzvme x Guar mee 0.09: 0.071 0.44; 0.15¢ 0.70¢ 0.52¢

a-b Means within a column (within main effectsywib common superscript differ significantly (P 8®), SEM= Standard error of means

Table 3: Effect of dietary inclusion of guar meal (0, 25 and 50 g/kg) and enzyme supplementation (0 and 0.4g/kg) on blood parameters

IERS TG Cholesterc  3HDI 4 DI Phosnha _ Auric acic
Treatmer
Enzvmeda/100a
0.0 235.67 1742.¢ 181.4: 32.3: 61.41 5.9(C 4.3€
0.0 216.5( 1666. 170.7¢ 32.7¢ 60.7¢ 5.62 4.7¢
Guar meé&a/100a
0.0 231.5( 1170.% 146.2% 29.2¢ 53.0( 5.51 4.47
2.5( 220.0( 1879.. 164.7%* 31.5( 61.5( 5.4¢ 4.82
5.0 226.7¢  2063.¢ 217.2% 36.81 68.7¢ 6.31 4.4%
Guar mee Enzvme
0.0 0.0C 238.78 1194.7! 144.7¢ 26.0( 51.0( 5.6( 4.27
0.0C 0.04 224.2¢ 1146.6. 147.7" 32.5( 55.0( 5.4 4.67
2.5( 0.0C 213.7¢ 2102.2! 183.0( 33.7¢ 65.7¢ 6.1F 4.77
2.5( 0.04 226.2 1656.0( 146.5( 29.2¢ 57.2¢ 4.77 4.87
5.0 0.0C 254.5( 1930.7! 216.5( 37.2¢ 67.5( 5.9t 4.0t
5.0 0.04 199.0( 2196.7! 218.0( 36.5( 70.0( 6.67 4.82
SEM 16.0¢ 244 .9¢ 25.1( 5.2¢ 6.94 0.7¢ 0.5¢
CVv 14.1¢ 49.8¢ 28.51 32.5; 22.7¢ 27.1¢ 25.2¢
Source of variatic Probability
Gliar mes 077¢ 011¢ 0.02¢ 0 3KF 0104 0 48¢ 0 76¢
Enzvme 0.161 0.82¢ 0.60¢ 0.92¢ 0.907 0.67: 0.38:
Enzvme x Guar me 0.131 0.70¢ 0.67i 0.582 0.62F 0.421 0.84¢

IFasting blood sugartriacylglycerol, Jlow density lipoproteirhigh density lipoprotein
a-b Means within a column (within main effectsywib common superscript differ significantly (P 8®), SEM= Standard error of means.
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Effects of adding GM to laying hens' diet with amithout enzyme on white blood cell count as welpksma level
of IgG are presented in table 2. Interactions betwdiet GM inclusion and enzyme supplementatiowbite blood
cell count and plasma level of IgG were not statdly significant. There was no significant effesft diet GM
inclusion on white blood cell count and plasma lefdgG. Enzyme supplementation decreased thechtmants of
heterophill and basophill and increased lymphocyie. it is presented in table 3, none of the blbamthemical
parameters was affected by diet GM inclusion ar/e® supplementation, except for cholesterol. AgdaM to
diet of laying hens increased the serum level afedterol. However, in other studies have beenrteddhat the
high viscosity of guar gum may contribute to somendficial physiological functions including decrieas
postprandial serum glucose [39, 40] and attenugimgiprandial hypotension in type 2 diabetes ptigthl-42],
decreasing plasma cholesterol [43-47].
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