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Effect of Non-Starch Carbohydrase Supplementation on Productivity,
Blood Parameters, and Cecal Microorganisms in Broiler Chickens

Sang Soo Sun’, Cheol Ju Park

Division of Animal Science, Chonnam National University

2% 2 AFe THRLAE SAA R H7F 2o stRlSd A, EHAR, 9 AW vAEY HEE Fstast
AASFA. BolZ|(Ross 308) 3005 FAI5ke] 5719 A2+ (&, 0.5MXG, 1.0MXG, 2.0MXG & 1.0G)°] &
FoqEjAIstaL 3RHEC 7 £SIH. i AT, ARAFT, ARae 2 AFSAFS 7ol viste] MXG &4
Aol A B A YEbETh ZAF, 291, A% FAE 2Tl Blste] a4 7l =4 SYEHAY, ol
TAEY 7kl tigt JFog Blnk 2, o] A= thzxto] Hlste] Aol fojFor WA S
(p€0.05). B AA At dzto] Hlste] &4 F7HEMXG)NA FoH o2 st} (p<0.05). B4R S
Al total protein, @FLAHIEABUN) ¢ xxdt 3=F2 Hsy floth. I8y, AGPARI 186G s 5= tix7ol
Hlsto] 1.0 3 2.0 MXG 9 Fo7olM fFfF oz &30t (p<0.05). ZEA o2 SRFaLA H7te SANAM AR
£ 16 &2 FAAFLH, 149 A% Ul AldsAts daAzle 2t A

Abstract This study examined the productivity, blood characteristics, and cecal microorganisms with the
addition of mixed enzymes in broiler chickens. Three hundred chickens (Ross 308) were assigned
randomly to five treatment groups (control, 0.5 MXG, 1.0 MXG, 2.0 MXG, and 1.0 G) with three
replications. Based on the results, the weight, feed intake, feed efficiency, and daily gain increased
slightly by the treatment assignment. Carcass, stomach, and heart weights increased slightly in all
treatment groups compared to the control. On the other hand, liver weight was significantly low by
enzyme addition compared to the control group (p<0.05). The total number of appendix bacteria
decreased significantly in all treatment groups compared to the control group (p<0.05). The total protein,
blood urea nitrogen (BUN), and glucose level did not differ after treatment. On the other hand, the IgG
level was significantly higher in the 1.0 MXG and 2.0 MXG groups than in the control group (p<0.05).
In conclusion, the addition of a mixed enzyme (MXG) will improve the feed efficiency and IgG, as well

as reduce the liver weight and total bacteria in broiler chickens.
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B-mannan¥ #FHo| o Afofx 9
o]g-&o] "¢ AgHHoltt. 7laRolA AL AlERE
9] e AR OE ARdEE A% AW deet #-
o] JJttx ¢=HA ot f-mannana HFHE, HEE, of
Apatat SopEl 50] AlRARA HA S 4 Qe o
FFoltt. o]Z 3t Al f-mannanase?] A7ME FE
Aaet Hotele] A AFRRES A AIXITHIL
<ol diFEE et ARl f-mannanase F7HE
B-mannan®] 7RIS B3 3HH BI7F §4 (2]
oF AHA| 3104 Ba=|ar Qlch

7ha Al F2 AMEEE 9B IR
Almols B9EECl 43} 0]85t] of#& H|
FHNSP)7t thF 28] o] Slth NSP+= A4 € H|
AR TERE UrolAH, 8545 Xt 47 d=
Atgol= HARAd odR<Ql arabinoxylan I g
-glucan®] & ©|&t}. f-mannan< AUWlA A=
4= 71 dizol AlE W B
-mannanase 128 A S5
Qltt. ESt xylan9] 9l xylanase 715 53]
Y JEE 35, 1852 S7HIA AtEolY
A Azr gt AlREE A 2 SATE FE &
UTHA4L.

AlE W BAAY 7k gedos Askg jHhoR
sl AHET AREES T 7S A=Y
xylanase, phytase, amylase, protease, cellulase, 8
-glucanase & &2 EAAE A7 A9 HHEAS &
FIEY] AL FHAA AlREES /st 4%
£ &3t Aty BusoH4l bl =2 S£F
(35%)9] 7hEetato] 3hed SAAE] f-glucanase®t
xylanaseE F7Foto] Foigt A} 37 W NSP gl
oM FAET Baskth. 1y [6]19] ol
o5t SAOIA xylanase £+ B-glucanase”} X3
EAAA Fofol 9t oS BA Estglo, (71
a4 A (xylanase, 8-glucanase and pectinase)
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mannanase, xylanase, glucanase & &gt
AAE AR A7F Fojote] B, FHGE
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of 57f Ao A 205
sto 3ukE 0 = 43519t Hole]
T 854F 37F gt A7) 3
23] & 52U B AR AR A
Ark. AEEES 2} 47 A=+ (0.5 MXG,
1.OMXG, 2.0MXG, 1.06) 24 tx7= Al Aot &
AXEE Folotlorn, At SAAES] 1Y EF
HAE AHoRRE (A, HEHMEA) 23 41
T+ 12 HHEREAY ©®eslE £ a4aA (mannanase
200 U/kg, xylanase 1,000 U/kg, €} glucanase 500
U/kg) & 712} 0.58), 1.08, 2.080 327} Fofstalt. Al
AMtas Al 84 A7 MRS 3T INEE 4570
27y gofotyiet. AR fl5te] ND £ IBD #W4lS
=850f Fofsieltt. Al B = Agtiehy 7% 58
Aol Bago] Eoto] HARE EEsto], | (74 230
cmx 200 cmx 60 cm) oA AR 8klth Ao A
AR 717 B9 24417 Y A= B, AAF =
TE= dYFER 32004 22071A] ARSA 2 #e] &
2H0] wet 2590t S EATES FERSH A3
Z 9 Al14x0) oAste] sty FEAEEHY
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Table 1. The feed formula and chemical component
of starter and finisher period of broiler diet

ltems Starter Finisher
(0~3wk) (4~7wk)
(%)

Corn 49.24 52.84
Wheat 5.90 5.15
Soybean meal(CP, 44%) 30.92 28.88
Corn gluten meal(CP,60%) 3.82 391
Soybean oil 5.42 5.61
Tricalcium phosphate 0.19 0.08
Limestone 0.04 0.04
DL-Methionine 2.30 1.13
L-Lysine 1.42 1.61
Salts 0.25 0.25
Vit.-Min. premix‘ 0.50 0.50
Total 100 100
Nutrients composition’}r

ME (Kcal/kg) 3,000 3,100
Crude Protein(%) 21.00 19.00
Ca(%) 112 0.94
P(%) 0.67 0.55
Methionine+Cysteine(%) 0.95 0.81

" Supplied per kilogram of total diets: Fe(FeSO4H20), 80 mg;
Zn(ZnSO4-H20), 80 mg: Mn(MnSO4-H20) 80 mg: Co(CoSO4H20)
0.5 mg; Cu(CuSO4H20) 10 mg; Se(Na2Se03) 0.2 mg: I(Ca(l03)
2H20) 0.9 mg; vitamin A, 24,000 IU; vitamin D3, 6,000 IU;
vitamin E, 30 IU; vitamin K, 4 mg; thiamin, 4 mg; riboflavin, 12
mg: pyridoxine, 4 mg: folacine, 2 mg; biotin, 0.03 mg; vitamin
B8, 0.06 mg; niacin, 90 mg; pantothenic acid, 30 mg.

* The values were calculated according to the values of feedstuffs
in NRC (1994).

2.3 YHL YdtM, T Salmonella 574

iR = LubAld tigtell 242 3M Petrifilm AC,
3M Petrifilm ECE AR&SISith. B -EES o83
el E o HEE SIS AF S HidEo]
o & 42 5| AEuA o] & 491 HE 1.0 g2
0.1% peptone water 9 ml & ¥ & oF 30&
ol 824171 H (0.1% peptone water = peptone
water 1 g + B 1000 ml) AE0HAHS HEE 59
2 89 1 ml & test tubed] €71t} o]F €Y 1 ml

£ 0.1% peptone water 9 ml °] 10-1%E]10-87}4]
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A H AN 1 ml & ZF #3729 A8 iAo
BE35l0] 35+1ToA 24~48A17F w5t AukA|
9 3 30~300 cfu BHEHY U JF 5 HF2 H
9 35y, Y] A§- 15~150 cfu TEH
AL 5 F2 W34 F2 3D 5
foll 712z & P45t e F=H A=ste] 1 g
of 3MujsE Fotd AF4(CFU/9E ZHoHH
3M Petrifilm Sa/monellaZ ©]-83t] A|&E& enrich-
ment 8Hof] E3161aL 41.5T A 24A17F B wigst
314N 2 ml £ gel plateo]] FFokaL 2004 14]
7t o=t wigE AlE 10 ulZ loopE ©]8ste] &
EgFstal 41.5ToA 24A1ZF #i¥st & colonysE

AN,

2
B

al,
A=

2.4

o uo A fHE Y Al YAE=(1,500 x g,
15 &) sto] BSshEA71A] Wgaro] Basieley. A
W A2 GAXE-E417] (Fuji Dri-Chem 35001,
Japan) € ©]&3lo] HDL- ¥} LDL-cholesterol, 2%
g 55 &%5I9}. Lactate dehydrogenase(LDH)
= 50 mM phosphate buffer(pH 7.5), 0.18 mM
NADH, 0.6 mM sodium pyruvate?} 83 Alg25 %
7Fsto] UV-Vis spectrophotometer (UV-mini 1240,
Shimazu, Japan)E ©]&3l9 340 nm oA SP=S
EZHottt. ¥ WIZIEEAU(IgG)2  Chicken
ELISA Quantitation Kit (Bethyl Lab. Inc. USA)< ©]
&3to] B4 AAJsISITh

oy 24

L
=

2.5 ND2 IBDO]| Chet Al F7t5d

F1&% (Newcastle disease, ND) I+ AEA Fd
(Infectious Bursal disease, IBD)° gt ¥4l &
Sto] AldEE 270l 58 FoI5H 2™, ELISA ¥
2 9718 =459tk ND 9F IBDE 7+ coating
buffer (1 ug/ml) 100 ul & 96 well plateS AF-20fA]
12A17F  coating AIHY. PBS-Tween 20 buffer
(0.05% Tween 20) Z plateE 33] AJ&3H &, 5% BSA
2o g 37CoA 1417t blocking AlZ] T THA] A
2393t ABTS (Sigma, USA) 71488 Z+ well
FF51AL 37T 04 3087t 9 A]71 3 ELISA reader
& 405 nm oA FE=E SHSHAL
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AlgolA @ojzl BE XX = 7 tiRke}t A7t
9] B2} SEMZ HAISHITH BE A@AT= (8] &
A T2 139] general linear model(GLM) ¥ol u}t
2+ APsielom, xTet A Bt 19 {98
Duncan®| B584E o83l 5% 472 Fodo=
BAA AolE B4

I ET

3. Zit =

A5, AEAFT 9 dGSAR x| Hlsto
MXG fa AFoA BF =74 Yo (Table 2),
AREES ti27] HISH] 0.5MXG 2 2.0MXG &
TollA =%y AR F3 = UEHA] getth 1
U AR EET A APtz Hlste] 1.0G
FolFolA BA SH= AT 7HE FE Aol o83
4 & B-mannanase (72.5 MU/Ib)7F E0ie
Hemicell HT & AlE8& 33 9ot g ol8H
I 9t} [9]. E3E [10] &= SAI0 5E}EAA (xylanase
2,500, B-glucanase 300, and mannanase 20 U/kg)
£ A7loto] AEs 41 FAET oA o840l F
A Edota Bsyieh 2 dAqtollas EEa H7HA
Ao A AlFg o] MU= 7189 d+aT = Y
EiR] Zotgloy 7 Ay deld Eoias 0.05%
9} xylanase 0.1%E A7t AlRol|A A9 A=t
EAES folFoZ (p{0.05) S7HAIH R A AT
9} SALSIATH11]. E3E B-glucannase S E3F5H B3t
BAAE 0.3% A7t Foigh AFoAE AF(19%), A
A4=(6.8%), AEEE(5.5% 2 S9&65.0%)2 715t
P stk (121 v EfEdds B
-glucannase 10,000 U, xylanase 28,000 U,
cellulase 13,000 U & E&saL lojA AR A7l
ol B2 F9 mavt F7IE] Y AR AztEr)
£ dFolM= ©@rdE Eolaant Qla ol Bofja
A7} AojElo|S= A=t & 4 ok

T4, 29, A9 FAE dixAol Hlste] a4
7HrolA =4 S E AL Htable 3), ol EAIFY F
7toll thet JFo g Holtt 7HFe] FA= ol H|
sto] AE]tollA g og BA SHE U (0£0.05).
T3 MXG H4 37} Fojol o a7 g FA=
j=+of] Hlste] §-9JHQl XpolE HolA]| sttt Ly

=
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EFEAAE Fofst oy AFEdAE Aolst A4
He YEdt BAEFA (fungal  xylanase,

protease, 90 bacterial e-amylase) o1& $4 &%
o] A FAE TAAFHLH [13], xylanase <
serine protease ot |7 &9 ZolE AAAH
o} [14]. 3t xylanase 7o+ <99 A&l F
AE  A2AFARL SAC 1000~1500  1U/kg
xylanase & 37} 9% A1} SHZL ZA&C] 19
Zo 7 PAHUHE AR TE BAgel fARsE Avt
£ Yt (151

o]
=

=

=
=

Table 2. The effect of mixed enzymes (MXG) addition
on productivity of broiler chicken (g)

Items Ctrl Tl T2 T3 T4 SEM P

Weight 2302 2425 2367 2531 2378 148 0.321
Feed Intake 4916 4639 5007 4979 5223 215 0.159
Daily Gain 41.45 43.01 41.96 44.89 42.09 3.81 0.840
Feed Eff. 0.447 0.491 0.444 0478 0.427 0.021 0.073
Prod. Index  184.4 224.8 198.4 1940 1725 152 0.259

* Control:Commercial diet, MXG:Mannanase+Xylanase+Glucanase
~ T1: 0.5MXG, T2: 1.0MXG, T3: 2.0MXG, T4: 1.0G
* SEM, Standard error of mean.

Table 3. The weight of the carcass and organs which
were applied with MXG enzymes in broiler
chicken (g)

Items Ctrl Tl T2 T3 T4  SEM P
Carcass 1968 2219 1993 2127 2184 62 0.230
Liver 70.0° 62.3° 51.7° 52.4° 582 3.9 0.041
Stomach 431 60.6 529 483 447 52 0.184
Cardiac 134 142 146 157 163 26 0352
Small 636 693 736 G607 652 45 0.159
Intestine

Appendix 124 191 230 118 154 18 0082

* Control:Commercial diet, MXG:Mannanase+Xylanase+Glucanase

~ T1: 0.5MXG, T2: 1.0MXG, T3: 2.0MXG, T4: 1.0G

* SEM, Standard error of mean.

““Means within same row of each group without same
superscripts are significantly different (p<0.05).

AW AA At dizol vlste] 54 M7
(MXG)ollA g8 o0& ZrAstaTt (p<0.05). 184, £
Coli & Salmonella= 5% HZ7o] v|ste] 84 &
TMXG)A Hash=s A Hott BA4 49
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3 dAEE, 2 AUuBE Wl nXe 9%

A= UEREA] 39kt} (table 4). 0|9t RARSHA [16]>
aaAel F7tE Qs A WAA

Lactobacillus  spp. + J7FIA,

Clostridium spp. ¥ Coliform bacteriat:

o1 3t on, 84 AL&o] xylanaseE H715H
AU 8901 Lactobacillus spp.2] 571 {940z
S7¥ta Rl Coliform 3 Salmonella 7% 214
o7 Fasiota gt (1719 A+ 2et fARH
ol Adt= QAN HAA AREE AR BeslEe
ol&Eo] o EA FUY vBE Aol ¥IE &
Ut Bgh AEd dA] g 2aHog Almy
A A7t AW 452 KRS A7l AU BES
Aok Ao veith £ dAqtolAs tixol vst
o] B3ta 4 H7MolA B Coli @ Salmonelia®] 47t
Aasta HA| vBE AT Aasto] oA = BA
g o]z BAHYF AR & 4 gloH, ol X3 S
9] AW o] A=A RS A E Fit
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Table 4. The total bacteria, £ coli, and salmonella in
appendix applied with MXG enzymes in

broiler chicken (x10’cfu/g)

Items Ctrl T1 T2 T3 T4  SEM P
Total - 12.40° 9.04° 10.68"° 6.36° 829° 157 0.042
Bacteria

E.coli 628 7.8 525 407 633 3.04 0.153
Salmonella 736 593 678 420 6.18 2.63 0.086

* Control:Commercial diet, MXG:Mannanase+Xylanase+Glucanase

~ T1: 0.5MXG, T2: 1.0MXG, T3: 2.0MXG, T4: 1.0G

* SEM, Standard error of mean.

““Means within same row of each group without same
superscripts are significantly different (p<0.05).

Table 5. Effect of MXG enzymes on total protein,
BUN, IgG, Glucose concentration in blood
of broiler chicken (g,mg/dl)

Items Ctrl T1 T2 T3 T4  SEM P
Protein 3.28  4.08 378 4.16 5.05 0.45 0.078
BUN 184 105 125 129 163 017 0082
1eG 1126 13.27% 15.92° 21.63° 105° 1.69 0.037
Glucose 225.1 231.6 241.6 2298 2159 236 0.217

* Control:Commercial diet, MXG:Mannanase+Xylanase+Glucanase

~ T1: 0.5MXG, T2: 1.0MXG, T3: 2.0MXG, T4: 1.0G

* SEM, Standard error of mean.

““Means within same row of each group without same
superscripts are significantly different (p<0.05).
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FHY total protein o] H|sto] A 2] FLof A
F71oter, @FQAHAABUN) 2 iR
H|sto] Zashs A B o f9HQl Aol= v
UA] 29kt (table 5). T3 AR Wi EE4A|9] 47t
< [gGE AYstae A gEo] §iskE UehfA] gsk
o} o]3t A= A AlEU FHRAAE F7Ie 2
I} EZ glucose, triglyceride?} A= [18]19] B
3¢} HitE= daolnt. ol Adke AFRY AT
ARgz70] o2t t2A Yer] mjiZe] oo gt A
T7 ¥ Bed Aog AZHETh

£ Aol Ay AFARI 196 sE= tRol
Hlsto] MXG EF JoTolA fodoz =9t
(p€0.05). 1gGe F9 B-celloflA BAEE HIEA
F st 7P =1, BA W WY &5l 8% 9%

sioba deA ok (191 (912 SA 8
-mannanases H7F3F A2Fol|A IgA ¢ IgG= #2
2 Zol7} giloH, [gM7= fejdog Frtskqintal
B st o]g3t A¥= f-mannanase”t AW HY
H& A 715 BaME Eole 578 adE
Yeili= Ao gzt

MXG & Fofoll ¢fste] €F LDH @ LDL-
cholesterol 5%+ W= HIE SA QI Zpol= U
WA QFSkA|TE, =t Hlste] MXG FoftollAl BA
ZA4%]9tHtable 6). 1384 &% HDL-cholesterol&
270 H[sle] MXG a4 FojFoA] fojFor =
71 (p€0.05). @50 2 HDL % %2 IDL 5=
27335 SA2 FEAY ASE JA™E £ Sloka 25
F 5= Qlok. maA] F7F Fojo g3t fARE dtanE
o] R F]Ict B-glucannases E3HSH BT aAAE
0.3% A7} Foigh AolA thxo vlste]
HDL-cholesterol FE& 16% S7HI711 Z=T9] &
T 20.6% HAAIACE E3F LDH 84 42 E3a
2A A7) oJste] 30.5% Aottt [12]. ol2gt 2
= % xrdo] AIZYWR Hol7t F7Iste] SA Y
FATO] =olAA AlEEEo] FTISHITHL & 4= Ut

% ND & IBD @Al= tixe] Hlste] MXG 59
TFolA =4 FAEAH AR FY3 = UEA|
AUt (table 7). AAA Fole FAY I7HE AASH
o] A9 ND ¢t IBDO] thgt Hd g
gt FHEE =9 &

[12]9] A2 st B-glucannase
FEAAE 03%27T FoIgt AF oA iz H]

o

.

=2

ot rlr
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[20]. 8A|19] A% WAl o5t A7} 28] YA A
S5HH ND 9t [BD X 2480] £oMA HAL sold
4 At Ao ® EaaA|e 7 Hole HYIA
E(lg) A HAES S7HI7IE Aer Helth

Z 40 f-mannanase H7} G935t A=

=~
o =z
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Table 6. Effect of MXG enzymes on chelesterol, LDH,

and glucose concentration of blood in
broilers chicken (mg/dL)
Items Ctrl T1 T2 T3 T4  SEM P
FDLoCholes 1347+ 146.2° 153.2° 1583° 1558° 437 0.025
LDL-Choles 15y 6 1145 112.8 1189 123.1 572 0073
terol
LDH 815.0 7258 901.5 8838 7352 763 0.152

* Control:Commercial diet, MXG:Mannanase+Xylanase+Glucanase

~ T1: 0.5MXG, T2: 1.0MXG, T3: 2.0MXG, T4: 1.0G

* SEM, Standard error of mean.

"“Means within same row of each group without
superscripts are significantly different (p<0.05).

same

Table 7. The effects of MXG enzyme on the antibody

titer against Newcastle disease(ND) and
infectious bursal disease(IBD) in broiler
chicks’ serum (x10%
Items Ctrl T1 T2 T3 T4  SEM P
Anti-ND 12.84 13.17 15.83 1456 1394 3.52 0.142
Anti-IBD 11.74 13.53 14.28 1520 14.06 436 0.256

* Control:Commercial diet, MXG:Mannanase+Xylanase+Glucanase
~ T1: 0.5MXG, T2: 1.0MXG, T3: 2.0MXG, T4: 1.0G
* SEM, Standard error of mean.

a2z

A7 SAlA Almaest
IgG SRS FPAFOH, ] BAL AU Mt 5
A= ZaA7= aiz) ok
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