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Effect of different dietary enzyme supplemented non-starch polysaccharides on
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ABSTRACT
This experiment was conducted to evaluate the effect of different dietary enzyme supplemented non-starch
polysaccharides on growth and physiological traits of broilers. 625 one day old Ross-308 broiler chickens were
allocated randomly to 5 treatments with 5 replicates using a CRD statistical design through 1 to 21 and 22 to 42 days
of rearing period. Treatments were included control, wheat, wheat + enzyme, barley and barley + enzyme. According
to the results, effect of various diets with different source of NSP on growth traits was significant and wheat or barley
diets supplemented with enzymes had higher means than those without enzymes (p<0.01). Effect of various diets
with different source of NSP supplemented with or without enzymes on villus morphology was significant (p<0.01).
Wheat and barley without enzymes resulted in reducing villus height, adversely increasing villus width and crypt
depth in three parts of intestine, but supplementation with enzymes restored the adverse effects (p<0.01). Wheat and
barley without enzymes resulted in higher pancreatic enzyme activity and serum enzyme levels (p<0.01). Also these
two diets resulted in higher gene expression for nutrient transporters and mucin producer in the intestine but
supplementation with enzymes restored the situation (p<0.01). As a final result using of different source of non-starch
polysaccharides without enzymes in this experiment resulted in destruction of broiler growth and physiological traits
but supplementation with enzymes restored the undesirable effects.

Keywords: broilers, enzyme activity, gene expression, non-starch carbohydrate, villus morphology.
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Table 1. Non-Starch polysaccharide contents of wheat and barley used in trail (%)

Sample  Cellulose’ Hemi-cellulose’ Total NSP Soluble NSP Insoluble NSP NSP + Lignin® NFC*

Wheat 1.8 10.4 17.22 1.01 16.21 18.8 69.2
Barley 44 23.62 30.72 4.45 25.72 35.17 55.08

St oloes S -F (gloym pod IS = (&S + glaulis e slows 5L Ly =Y NDF-ADF = 3ol _on -Y ADF-ADL = jJsls -\
[100-(%NDF + %CP + %Fat + Ash)]=

1.Cellulose= ADF — ADL, 2.Hemi-cellulose= NDF — ADF, 3.Dietary Fiber= Total NSP + Lignin, 4=Non-Fiber
Carbohydrates = [100-(%NDF + %CP + %Fat + Ash)]
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Table 2. Total measured and calculated Non-Starch polysaccharides of experimental diets (%)

Experimental diets V\;rlezta)c:;et BzrzledyaS;et

Total measured 19.78+1.05 22.20+2.5

Total calculated 18.74 21.27

Soluble calculated 2.66 2.97

Insoluble calculated 11.80 18.86

Total difference 1.04 0.93
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Table 3. Experimental diet compositions at different rearing periods

. 0 1-21 days 22-42 days

Ingredients (%) Control W B W+E  B+E Control W B W+E__ B+E
Corn 56 44,55 45 44.55 45 58 40 42.41 40 42.41
Soybean meal48% 36.8 35.1 33.9 35.1 33.9 34.8 33 30.27 33 30.27
Soy oil 3 1.35 2 1.35 2 3 2.85 3.47 2.85 3.47
Wheat - 15 - 15 - - 20 - 20 -
Barley - - 15 - 15 - - 20 - 20
Enzyme” - - - + + - - - + +
Dicalcium phosphate 1.83 1.78 1.92 1.78 1.92 181 1.74 171 1.74 171
Calcium carbonate 1.12 1.14 1 1.14 1 1.13 1.14 1.13 1.14 1.13
Salt 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Potassium carbonate 0.18 0.13 0.13 0.13 0.13 0.12 0.12 0.11 0.12 0.11
DL-Methionine 0.17 0.15 0.15 0.15 0.15 0.25 0.25 0.05 0.25 0.05
L-Lysine HCI 0.1 - 0.1 - 0.1 0.15 0.1 0.05 0.1 0.05
Vitamin premix™ 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix”™ 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100 100 100 100 100 100
AME (Kcal/kg) 2900 2900 2900 2900 2900 2950 2950 2950 2950 2950
CP (%) 21 21 21 21 21 19 19 19 19 19
Calcium (%) 0.95 0.94 0.92 0.94 0.92 0.95 0.95 0.87 0.95 0.87
Auvailable phosphorus (%) 0.43 0.43 0.45 0.43 0.45 0.45 0.42 0.43 0.42 0.43
Met+Cys (%) 0.86 0.84 0.82 0.84 0.82 0.85 0.85 0.84 0.85 0.84
Lys (%) 1.2 1.19 1.18 1.19 1.18 12 1.19 111 1.19 111
Sodium 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Chloride 0.22 0.23 0.24 0.23 0.24 0.22 0.23 0.23 0.23 0.23
Potassium 0.95 0.95 0.96 0.95 0.96 0.87 0.87 0.87 0.87 0.87
Na+K-Cl (meqg/kg) 24785 2479 24781 2479 24781 23123 23156 23154 23156 23154
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C=Control diet, W=Wheat, B=Barley, W+E=Wheat+Enzyme, B+E=Barley+Enzyme.
*Enzyme and enzyme supplementation included 1 kg per 1000 kg of diet for all treatments and contained 1000 active units of Phytase and 180 active
units of Multi-glycanase units per gram.
**Each kg of premix which used in this experiment has contained vitamins: 44000 1U A, 7200 IU D3, 440 mg E, 40 mg K3,70 mg By, 65 mg By, 320
mg B, 290 mg Pantothenic acid, 1220 mg Niacin, 65 mg Bs, 22 mg Biotin, 270 mg Choline Chloride, and Minerals: 950 mg Mn, 450 mg Zn, 320 mg
Fe, 100 mg Cu, 65 mg Se, 68 mg | and 45 mg Co; C: corn, W: wheat, B: barley, WE: wheat + enzyme, BE: barley + enzyme.
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Table 4. Experimental gene and primer characteristics

Gene name Gene ID Function Forward primer Backward primer
PepT1 NM_204365 Oligo-peptide transporter CCCCTGAGGAGGATCACTGTT CAAAAGAGCAGCAGCAACGA
SGLT1 XM_415247 Na+-dependent glucose and ATACCCAAGGTCATAGTCCCAAAC TGGGTCCCTGAACAAATGAAA
galactose
transporter

GLUT2 722932 Na+-independent  glucose, CACACTATGGGCGCATGCT ATTGTGCCTGGAGGTGTTGGT
galactose
and fructose
transporter

Muc2 XM_421035 Intestinal mucin2; TCACCCTGCATGGATACTTGCTCA TGTCCATCTGCCTGAATCACAGGT
Gallus Gallus

B-Actin L-8165 Reference Gene

GTCCACCGCAAATGCTTCTAA

TGCGCATTTATGGGTTTTGTT

Source: (Gilbert et al., 2007)

HURl B wcils 1) SO elgl o 5lud b)) l5a
Pl b oer g pasS hls slajless 5 Shos a5 ol
28 Sdign (b aLSS Ll 4 g il S
olisialy] sloo ez saamo J:Sis sloasly oy
la(al) g ab 5l g 92 9 paS Ho (L
St 5 s, Gl Jlsle jo Dld SdeS
5 (o7 5wl (s ) die Olge coads Sl
oo i3 B oolidl als 4y (Haud g pendS) SIS 0lge
Ay Colgsyo g oo oolitwl e i anld oy
Cowieson et al., 2004; Selle ) w1 cows a4 (6 yuin
i » gl ) awsds (& Ravindran, 2007
9,5 bolxs (Ravindran et al., 1999) ouls 3,155
it Oggr Lol ol Sz )0 o2 b YL slage 3l
5 0gd e byl Jiee cll> 5l i gdke dlge
Shgie 59,5 el ol 5l LS &8l
cels w0olidl pls 4y sdie dlge (g3lwdlil 5 adn

(Gilbert et al., 2007) :xo

Slphpg S dlize gl b ogleonr b
ol oty Slas @l b oo JoKo (glaiwlis e
s g dlisy Gig Il g (Brae S|t (Sl
Ll 0 Joazr 5o Ghosn 8ys0 IS o @le has
Ll 00
O g 850 IS 50 b Jeur il ple
S g wald sl a4 bgye dilyg; (59 ol
o9 paiS Jled @y bauye ailis; j9 Gl Glree
3 O 9z 5 il b paS lales (p<e/eY)
50 P/ )) aaly 18 aneS g dnio dwo
g ol 4 e Qe fod cu b S ose
59 97 5 paS lajles @ baye ol cn i
Jogine § Cuie 56 LS s cpl (P<e/+ )
@l has cuyd g o, (Spae Sl p wsl
P! oSy Skl g 0y90 cul yo By



VA0 5l oF 5,Les FY 5,00 el ol pole FYF

Glise mlie b sloo > .36 (Ravindran, 2007
2 oy boead oS lawlic e Oljoumg S
P 9 Job bl by cwbiicsy, sla Shs
P 0 dbge slacuns 5 Cw S Bee Gp

ol 00l 1 7 Jgoz 50 poabil g pgisss paiogis

slooslaS gy, et Jes pud ol
@iz Ol 5 ileoly] wead ol wan LG6,e
S b Gl Lls cnl e sdie olge
a3 y90 b a5 Cewl lalivs gl ol flie
Ravindran et al., 1999; Selle & ) 5,.5 |13 ol>

S Glaaz s al) Slio w3l b slaiulii jnd Slaeg S alise glie b gloo 555 0 Jsur
Table 5. Effect of different dietary source of NSP supplemented with enzyme on growth traits of broilers

Treatment/Trait Average daily feed intake

Average daily gain Feed conversion Rate

@ @
C 99.79° 52.53° 1.9°
w 96.66° 46.92° 2.06°
WHE 99.25° 49.38° 2.01°
B 101.15° 49.1° 2.06°
B+E 102.08° 51.3° 1.99°
SEM 1.24 0.13 0.02
P-value 0.004 0.001 0.001

el 2o )3V mhans (o (g ylel o cime glds Sl oy 9,0 slael (gYb jo Sl 5V By >

C: control, W: wheat: B: barley, W+E: Wheat +Enzyme, B+E: barley + enzyme.

*¢ Means with different superscript letters within columns have a significant difference (P < 0.01).
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Table 6. Effect of different dietary source of NSP supplemented with enzyme on villi morphology of broilers

Treatment/Trait Duodenum

VH (um) VW (um) CD (um) VH/IVW VH/CD
C 1530.33% 115° 108.33° 13.31° 14.39°
W 1360° 120.00° 114.67° 11.33° 11.86°
W+E 1668° 123.67* 108° 13.49° 15.44?
B 1440.04° 117.00° 119° 12.31%® 12.1°
B+E 1589.82% 125.33° 109° 12.68% 14.59°
SEM 84.8 1.18 1.39 0.45 0.52
P-value 0.001 0.002 0.001 0.001 0.001

Jejunum
c 1273.67° 138.67° 109.67° 9.18° 11.61%
W 1190%® 150° 116% 7.93° 10.26®
W+HE 1297° 136° 108° 9.54* 12.01°
B 1025.23° 125° 110.33° 8.20% 9.29°
B+E 1191.33% 135° 95° 8.83% 12.54°
SEM 69.62 3.14 472 0.61 0.97
P-value 0.001 0.001 0.005 0.001 0.001
lleum

C 1285.33% 87¢ 105° 14.94° 12.5°
w 1140.67° 128.33° 115° 8.68° 9.88°
W+E 1408° 102.67° 109.67%® 13.33% 12.61°
B 1172° 142.33° 114.33° 8.23° 10.25°
B+E 1308° 107° 108® 12.22° 12.12°
SEM 67.67 3.88 3.14 0.71 0.69
P-value 0.001 0.001 0.002 0.001 0.001
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C: control, W: wheat: B: barley, W+E: Wheat +Enzyme, B+E: barley + enzyme.

*¢ \Means with different superscript letters within columns have a significant difference (P < 0.01).
VH: Villus Height, VW: Villus Width, CD: Crypt Depth, VH/VW: Villus Height to Villus Width ratio, VH/CD: Villus Height to Crypt Depth ratio.
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Figure 3. Wheat + Enzyme diet
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Table 7. Effect of different dietary source of NSP

supplemented with enzyme on pancreas and serum
enzyme activity of broilers

Pancreatic enzyme activity (U/g CP)

Treatment/Trait

Amylase Lypase
[ 3.98° 158.43°
W 5.99% 190.22°
W+E 3.42 135.13°
B 4.02° 188.11°
B+E 3.29° 136.48°
SEM 0.28 381
P-value 0.001 0.005

Serum enzyme activity (U/L)
¢ 22.94° 10°
W 60.48° 21.83%
W+HE 49.99° 17.63
B 66.32° 20.83¢
B+E 47.71° 18.73
SEM 1.62 0.64
P-value 0.003 0.006

Dol Kby lagygiw 5,0 olael YL jo Oglate 3y Bg >

el 32 )8 ) a0 ‘5)[40" S gine
C: control, W: wheat: B: barley, W+E: Wheat +Enzyme, B+E: barley
+ enzyme.

*¢ Means with different superscript letters within columns have a
significant difference (P < 0.01).
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Table 8. Effect of different dietary source of NSP

supplemented with enzyme on gene expression of
intestinal nutrient transporters and mucin producer of

broilers

Treatment/Trait SGLT1  GLUT2 PepTl MUC2
C 1° 1° 1 1°
w 1772 1.712 1.49° 1.48°
W+E 1.19° 1.15° 1.22° 1.13°
B 1.84? 1.8 2.82 1.38°
B+E 1.13° 1.19° 1.27° 1.05°
SEM 0.01 0.02 0.03 0.03
P-value 0.001 0.001 0.001  0.001

Soles Slo laysiw 9,0 olael YL o Sglate 5Y g,

sl a2y ) s 40 (g el o xe
C: control, W: wheat: B: barley, W+E: Wheat +Enzyme, B+E: barley
+enzyme.

*®¢ Means with different superscript letters within columns have a
significant difference (P < 0.01).
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