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Effect of Enzymes Application in Feed with Reduced Concentrations of
Energy and Crude Protein in Broiler Chickens
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ABSTRACT This study investigated the effects of the addition of commercial enzyme products to broiler feed with reduced
levels of metabolizable energy and crude protein on the growth performance, blood profiles, and cecal microflora. A total of 750
seven-day-old male Ross 308 broiler chicks were randomly allotted to five treatment groups with six replicates (25 birds/replicate)
for 28 days. A corn-wheat-soybean meal-based diet was formulated to meet or exceed the nutrient recommendations and used
as the control diet. Experimental diets with metabolizable energy reduced by 100 kcal’kg and crude protein by 1% were formulated
containing four different commercial enzyme products. Feed intake and weight gain were not affected by the dietary treatments;
however, feed conversion ratios were significantly lower (P<0.01) in the control group than in the other treatment groups during
the entire experimental period. There were no significant differences in the blood profiles and cecal microflora between the dietary
treatments. However, the viscosity of jejunal contents in chicks fed a diet with enzyme B was significantly lower than that in
the other groups. The tentative marketing age was unaffected by any of the dietary treatments, and ranged from 26.39 d to 26.84
d. Collectively, the use of commercial enzymes contributed to a similar weight gain as that in chicks fed diets with reduced energy
and crude protein levels; however, it failed to maintain the feed conversion ratio.

(Key words: commercial enzyme products, metabolizable energy, crude protein, growth performance, broiler)
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xylanase, B-glucanase 52| 2|14 EAAE 715 Al AL
S3l= Aol sl g#lA 9 th(Chesson, 2001).
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2 A7 TEAEE davdty 55
(TACUC) T4l wet ﬁéﬂﬂ&’id{%‘iﬂdi: KU19109).
1. S, AMR ¥ AEAA

193 Ross 308 SAIE 5L Aol A Al HALE L]
ZO|ALB(HHAFIAA, 3,000 keal/kg; ZTHHA, 21 %)i/ﬂ 1
FUTE du] A3k, 79 Zol]l FAAIL] Al S &
A Gt AlFo] frAkt=S A H S o] 83tk
THAE stk G-t Tk 712 R Ste] AL
olUR| o} ekl A =22 Ross 3089 A Foll A
T5 wjEet AL E tiZ7HContro) 2 3}5 3L, thAIUA]
£ 100 keal/lkg S5=31, A £35S 1.0% AHAIZ %=
Aol|A 452 ELoAFS A7 Hrhe AdAks Fo74T1
~THE FEIIATG AlF G424 A(xylanase, 4,000 wg; o-
amylase, 400 p/g; protease, 8,000 w/g), FAA] B(B-mannanase,
800 wg), EAA| C(xylanase, 2,200 wg; p-glucanase, 200 W),
F A D(xylanase, 1,000 wg)E AEALE Yl 0.05% =
o7 FYsHA Hrbsllth 2199 7kA] 71X E(starter
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Table 1. Ingredients and chemical composition of experimental diets

Starter Grower
Item
Control Treatments Control Treatments
Ingredient (%)
Corn 3143 37.64 34.47 37.92
Wheat 25.00 20.00 25.00 22.00
Rice 3.00 3.00 3.00 3.00
Wheat flour 1.00 2.00 1.00 2.00
Soybean meal (44.5%) 19.52 19.96 15.62 16.58
Rapeseed meal 1.50 1.50 2.50 2.50
Corn gluten meal 2.00 2.00 2.00 2.00
Dried distiller's grains with solubles 5.00 5.00 5.00 5.00
Meat meal 2.50 2.50 3.00 2.50
Animal fat 4.52 2.39 432 2.58
-Lysine HCI (78%) 0.52 0.51 0.44 0.41
pL-Methionine (98%) 0.38 0.37 0.32 0.30
-Threonine (98%) 0.03 0.02 0.06 0.05
Choline chloride (50%) 0.03 0.03 0.03 0.03
Mono-calcium phosphate 0.60 0.58 0.40 0.38
Limestone 2.52 2.00 2.39 225
Salt 0.20 0.20 0.20 0.20
Vitamin-mineral premix’ 0.20 0.20 0.20 0.20
Phytase 0.05 0.05 0.05 0.05
Enzyme products - 0.05 - 0.05
Chemical compositions, calculated
CP (%) 20.50 19.50 19.50 18.50
Crude fiber (%) 2.88 2.92 2.84 2.88
Ca (%) 0.90 0.90 1.00 1.00
Phosphorus (%) 0.49 0.49 0.45 0.45
Total Lys (%) 1.30 1.30 1.15 1.15
Total TSAA (%) 1.05 1.05 0.96 0.96
AMEn (kcal/kg) 3,037 2,937 3,047 2,947

! Vitamin and mineral mixtures provided the following nutrients per/kg feed: vitamin A, 80,000 IU; vitamin D3, 1,600 IU; vitamin E,
20 IU; vitamin K3, 8 mg; vitamin By, 8 mg; vitamin B,, 24 mg; vitamin Be, 12 mg; vitamin By,, 0.040 mg; pantothenic acid, 40 mg;
folic acid, 4 mg; nicotinic acid, 120 mg, Fe, 60 mg: Zn, 50 mg; Mn, 60 mg; Co, 0.3 mg; Cu, 10 mg; Se, 0.2mg.
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Table 2. Analyzed chemical composition of experimental diets (%)

Starter Grower
Item
Control Treatments Control Treatments

Analyzed chemical compositions

Moisture 9.5 10.0 10.0 10.6

Crude protein 204 19.5 19.4 18.7

Ether extract 7.0 4.8 7.0 5.0

Crude fiber 23 2.1 2.6 2.6

Crude ash 52 5.2 5.0 5.1

Calcium 1.02 0.90 1.06 1.09

Total phosphorus 0.53 0.57 0.54 0.57
agar(Difco) &, thd#+= MacConkey agar(leco)-J ALe-E A a2 olEl AAe 37 mdo] 7]$7]et ARG B A
AL, 37°CollA 24213 ¥l g F S 54 S STk I ettt 4% 4ol dEdelE AMer SislaL Ve &
B e 71 o 10-100) A A A B RS AN Gk FA Aol A9HLE
How M o T2 33 Ald S Bl st Duncan®] B34S Sdt] A4 2 ddsigion, e &

AF&-3 primere 27F(forward primer: 5-AGA GTT TGA Ao BAA FoakE P<0.052 A3
TCC TGG CTC AG-3")%} 1492R(reverse primer:5-TAC GGY

TAC CTT GTT ACG ACT T-3)Z A}-&3}o] 16S rRNA - EEE S
AR 971942 g3tk NCBIS] BLASTE ©]8-3t] Gene
bankell A flake] fAMES BAsHATH A, RN Y ARRTE
A @ zehld A7 Alg W) G224 H7t Felrt A
0 & ues e 2 Ao m)R]= F kol et A= Table 30 YERJATH
WY AEE A7) A3te] AYAZ AN BPHOIA A% A Ale] AFE ALzt felAE BelA gsie 171
¥ R A AL DI ALY BF2 B2 AQIYY) AT, DISA AIAGA A
em A9 FA7)e] WEES AL A= ZHS AT 3 feld Aol B Holx gtk AW AmLTES Al
NEE o] 3T F 48 AEE A YEABookfield A1 A7 Mol wjste] oA fela] e A
VISCOMETER DV I+ Pro, USA)E AMg3le] ZA3l9th. 37} B2EQthp<0.05). 271AES Foi3h 21208 2E 28
SAAEE TR B WL | gl 37 ZFL 000 LS o) 7;}1]4 AR AN E 227t 2 2jol7F JERA] &
93 4T 0,000 pmO 108 QAR AT 43 Uk A S AAF, DRSAG AR el
9 05 mLE AEA SHo|E ZYo Wolmd T 10 pm A2z Tr«hi} Aole gl o AR LT BAAE A
o] A ZAA 30x A A9 @& 715 7kt Ae] ] vlste] tixFo A frolshAl WekTh(P<0.05).
ouix] 9 zvkuid A2k AL ) BAA H7E FA7) 1S
4 = kg 52 dEd] n)x|E= 3ol thet Z27E Table 40l LFE}
7= SAS(SAS Inst. Inc., Cary, NC)©] Proc MIXEDS  Wilth tiz275 Fol w2 /HA7E 15 keoll =237] 91k

|83te] EAetith Bdlo] ngWss AdAtsH, ¢ UH L 26349 = —%ﬂﬂ"ii A5 A7k AET T,
o4 v o g HAsgc) A dE X W2 AF T2, T3 2 T4olM9] 15 kg &2 ol 43 2z} 26.79,
(V)& 27 598 SHUFR st 221 vt 3] RY 2639, 26.83 B 26.84U = FHH W, FAA Foxt=
(Y = a0 + alX2 + a2X2)S A= 53391, 1.5 kg &F ATk o] AFoA] kS BE AR Yo Z2H|o}
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Table 3. Effects of dietary enzyme products on growth performance of broiler chicks'?

Starter (7~21 d) Grower (22~28 d) Total period
tnitial BW BW ADG ADFI BW ADG ADFI ADG ADFI

© © ©® ©®@ " @ o o o @ <X
Control 182.2 1,039.3 61.1 77.87 1.27° 1,661.7 87.7 131.90 1.51 70.45 95.88 1.36°
T1 183.0 1,021.8 59.9 79.67 1.32% 1,611.5 84.2 131.95 1.57 68.02 97.10 1.43%
T2 182.4 1,040.7 61.3 81.22 1.32% 1,654.0 86.4 136.17 1.58 70.08 99.54 1.42°
T3 183.3 1,016.2 59.4 79.34 1.33% 1,609.8 84.8 131.67 1.55 67.93 96.78 1.42°
T4 182.8 1,021.0 59.8 79.27 1.33% 1,611.9 85.9 134.23 1.56 68.06 97.59 1.43°
Pooled SEM? 1.12 11.72 0.80 14.59 0.01 24.54 2.17 19.15 0.02 1.145 31.22 0.007
P-values 0.952 0473 0.367 0.300 0.007 0.396 0.813 0.730 0.106 0.360 0.520 <0.001

! Data are expressed as means of six replicates per dietary group.

% Control diet, commercial diet; T1, diet with reduction of 100 kcal ME/kg and 1% of CP and addition of 4,000 wg xylanase, 400 g
a-amylase, and 8,000 wg protease; T2, diet with reduction of 100 kcal ME/kg and 1% of CP and addition of 800 p/g B-mannanase;
T3, diet with reduction of 100 kcal ME/kg and 1% of CP and addition of 2,200 wg xylanase and 200 p/g B-glucanase; T4, diet with
reduction of 100 kcal ME/kg and 1% of CP and addition of 1,000 w/g xylanase.

3 SEM, standard error of the mean.

*® Values with different superscripts within a column differ significantly (P<0.05).

Table 4. Multiple linear regression equations adjusted with body Al EAAE 7 Ag oA Tl vlsle] SAl#ko|
weight at d 7, 21, and 28-d-old broilers to predict the days to $ol5lA| o= AFE #2519 i Mohammadigheisar and

hieve 1.5 kg body weight"?
achieve 8 Pody welg Kim, 2018). ¥FH xylanase, B-glucanase®} pectinase@ 3

_ . Predicted days to H 53 EaAE A T Holl 777 5o g dAFellA =

Item Prediction equation hi K _
achieve 1.5 kg BW A9 folg M E37F YERA] kO™ (Francesch et
C  y= 1318 + 24.295x — 52.51 26.34 al,, 1995), SF-EEl-t) 74 950 AFALRE Fo5t=
ZAMNE E2AQ AI7F ZAH)9F kA2 A I3k
Tl y= LISSIX + 27.487x — 66.18 26.79 I qo] A7t A9 FdtA Sl A 49
= XA gskrhs dukd ¥y BaE vh gUth (Hashish

— 2 _
T2 y = 1.2529x° + 26.229x — 62.64 26.39 et al., 1995).
T3y =12056x" + 25.734x — 55.90 26.83 Al phytase= 7] v ALR | BAA o= Hrbsta 9L
A B AT 2 Aasle Ae z2HLe B

T4y = 116875 + 27.152x — 64.57 26.84 P & ATAME phyased M &ohe 49 22 o
sttt G4A 53] xylanaseE phytase®} o] AR&-3h wj
SEM 0239 F HA7F MOl A5 BAE WG e Rew
P-value 0.255 A A ATHWu et al,, 2004). EAA2] Fojo w2 %
kS o] zlol g AAle] A = Z o] T+e AT
! Data are expressed as means of six replicates per dietary group. Ihg-o] zlol= AaAle] 24, Alg W 7129 3 A=,
2 Control diet, balanced diet; T1, diet with reduction of 100 kcal Atg W ouR]e} g A 5, AF 2 3 234

ME/kg and 1% of CP and addition of 4,000 W/g xylanase, 400 w2 Aoz AzidT)

Wg a-amylase, and 8,000 /g protease; T2, diet with reduction
of 100 kcal ME/kg and 1% of CP and addition of 800 wg B-

mannanase; T3, diet with reduction of 100 kcal ME/kg and 1% 2. g Mt

of CP and addition of 2,200 wg xylanase and 200u/g f- oA & Zekma A7k Al ] 44 JA7F g g
. 3 H T 0

glucanase; T4, diet with reduction of 100 kcal ME/kg and 1% o) AAre] W= Jatel] tlg AT Table 59 UERIQ

of CP and addition of 1,000 wg xylanase.

3 SEM, standard error of the mean. o AN T2 F AR o] SIHEEM AR
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Table 5. Effects of dietary enzyme products on blood profiles
of broiler chicks'?

NERVE-ESIIE P/ =

Table 6. Effects of dietary enzyme products on cecal microbial
population of broiler chicks'?

Albumin Globulin Total protein Lactobacillus  Total microbes E. coli
Item Item
------- g/dL ------- ----- logjo CFU/mML -----

Control 1.57 1.28 2.85 Control 8.1 7.8 7.0

Tl 1.48 1.20 2.68 Tl 83 7.7 7.0

T2 1.37 1.17 2.53 T2 8.0 7.7 7.0

T3 1.43 1.15 2.58 T3 8.1 7.7 6.9

T4 1.55 1.32 2.87 T4 8.0 7.6 6.2
Pooled SEM’ 0.05 0.05 0.09 Pooled SEM’ 0.14 0.17 0.29
P-values 0.055 0.112 0.051 P-values 0.446 0.913 0.245

! Data are expressed as means of eight chicks per dietary group.
2 Control diet, balanced diet; T1, diet with reduction of 100 keal
ME/kg and 1% of CP and addition of 4,000 wg xylanase, 400
Wg a-amylase, and 8,000 /g protease; T2, diet with reduction
of 100 kcal ME/kg and 1% of CP and addition of 800 /g B-
mannanase; T3, diet with reduction of 100 kcal ME/kg and 1%
of CP and addition of 2,200 wg xylanase and 200 wg B-
glucanase; T4, diet with reduction of 100 kcal ME/kg and 1%
of CP and addition of 1,000 wg xylanase.

SEM, standard error of the mean.

w

albumin, globulin & total protein®] ¥ U F=+= A3t
A Srel A9l Aol Pl AR ekt BETel B4
Al A7FFE| A 2 d3ko] glgl7] WEo] N U o
FAFOAA Atol7} gl AL ddd 23 Aotk A
S maA TR Aol wet Y o GEA Rl 2
7t g2A vehd = 7] wiiel oo tigh theFet AT
7h dasitta AYzE.

3. ¥l 7=

oAl B ekl Az Akg W B4 7 o7
AU wF ol v = F3kel gt Z3E Table 691 YEL
WAt oA Aol A= AR xylanases H7F8FS = ul
Wl A Salmonella, Lactobacillus, Bifidobacterias %71
Ztkal H 13519 thNian et al., 2011). ¥F] 2 xylanaseS A}
Bol| wigald S Wl Lactobacillus 5 W T3 W3}ol] gk
= AR G3THLu et al,, 2009). FEgF - A9} frAlRE o]
A Aol 2 FFEe WFa, ZREO EAAE
goshs A A E vRIR 2 S, ikt g
oAl fre]AQl Afol= WAYSA| UTHMohammadigheisar

and Kim, 2018). E4:4] 7} & A #%S ZARRE AFE

! Data are expressed as means of eight chicks per dietary group.

2 Control diet, balanced diet; T1, diet with reduction of 100 keal
ME/kg and 1% of CP and addition of 4,000 /g xylanase, 400
Wg a-amylase, and 8,000 /g protease; T2, diet with reduction of
100 kcal ME/kg and 1% of CP and addition of 800 wg B-
mannanase; T3, diet with reduction of 100 kcal ME/kg and 1%
of CP and addition of 2,200 /g xylanase and 200 wg f-
glucanase; T4, diet with reduction of 100 kcal ME/kg and 1% of
CP and addition of 1,000 wg xylanase.

3SEM, standard error of the mean.

3 lofA] # Aol A
st 971X 4
3l A dFol o\ G PR AN Al
tfafete = F2lE nAYE-S 16S rRNA sequencing &2 F-4
sto] 2t Ae]rellA] wAE 94 -2 Table 791 HASHTH
2ol M= Lactobacillus salivarius, Enterococcus faecium,
Lactobacillus johnsonii, E. coli7} 2 #-2] 4= ATk Tl
dAME izt 2 FAkdEe] SRIE%15, Uncultured
bacterium, Enterococcus sp.7} F718 02 B2 A LA
T2 XM= Lactobacillus salivarius, Enterococcus faecalis,
Enterococcus lactis7} 2] QTN T3 = 2T,
T1 2 T20M ¥2] 548 L& #E0] Egl=H%en, &
TS IR it} Taolx = thz-oF o 227l
el AR EE Staphylococcus epidermidis, Uncultured
Streptococcus sp. 2 Dermacoccus sp.7} 1= Th PCA Hf
A e BE Ae]TFollA HSgt frabd et ool gl
H At} MRS =] oA = C-T47}A] Lactobacillus salivarius,
Lactobacillus  johnsonii 27VA] fAhto] ol e

Lactobacillus salivarius= B3 A<l a3, AL

At B ARdgEt S @9 A4S Sk (Lim et al,
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Table 7. Identification of microbes isolated from ceca in broiler chicks'*?

Item PCA

MRS MC

Enterococcus faecium

Lactobacillus salivarius

Control E. coli Lactobacillus johnsonii E. coli
Lactobacillus salivarius Uncultured Lactobacillus sp.
Uncultured Lactobacillus . L.
. Lactobacillus salivarius .
T1 Uncultured Bacterium . . . E. coli
Lactobacillus johnsonii
Enterococcus sp.
. Lactobacillus salivarius
E. coli Enterococcus lactis
T2 Lactobacillus salivarius . E. coli
. Uncultured Bacterium
Enterococcus  faecalis .
E. coli
E coli Lactobaci.llus s.alivariuf E coli
T3 . L Lactobacillus johnsonii
Lactobacillus salivarius . Proteus sp.
Enterococcus faecium
S{c}zg c}ll}liltiizgcgstr:p ;jce:llis Uncultured Lactobacillus
T4 P Enterococcus faecium E. coli

Lactobacillus salivarius
Dermacoccus sp.

Lactobacillus salivarius

' PCA, total plate count agar; MRS, MRS agar; MC, MacConkey agar.

2 Control diet, balanced diet; T1, diet with reduction of 100 kcal ME/kg and 1% of CP and addition of 4,000 /g xylanase, 400 wg o-amylase,
and 8,000 /g protease; T2, diet with reduction of 100 kcal ME/kg and 1% of CP and addition of 800 wg B-mannanase; T3, diet with
reduction of 100 kcal ME/kg and 1% of CP and addition of 2,200 p/g xylanase and 200 wg p-glucanase; T4, diet with reduction of

100 kcal ME/kg and 1% of CP and addition of 1,000 wg xylanase.

* Data are expressed as means of six chicks per dietary group.

2007), Lactobacillus johnsonii= 717}g v 4EFA F
Abtoln] AfAlgls 540l E]-(Lee et al., 2008). MAC
R M= BE A FolA LT E coli o] &
H9lom, T3 ARt Proteus sp.7} Q1L AL} o= 37
de] Aotk EFanAe] Fol7t S BN 4F
Folle frel#d Aol7h vehA] skt dda
tE 230 Ee FUd JF AN E A

Al whet Al sl delsid 5 el AlA
3, F7HQ A7t dasivia gaEch

OHLW L éﬁﬁﬂ@ Az AFE W ZaA 17 FA7F T
A 34 WEE A= nX|= dEFl tigh Z23E Table
8l YERATE 34 W&E2] HEA= Azt fof
gk abol= YERA] ettt 37 U85 Axe T2 g+
7F 2T 9 thE E4A] ATl Hlste] frolshA W
A7} BEE JATHP<0.05).

F We= A=t moW askEo] AstE L, ol A

EhH A th(Nagaraj and Bilgili, 2007). ¥Fa o5
ol ZZe o7} x8E EFELAE SA /‘}Eoﬂ s
& g ReE gud §o89 Holr} girka ek
Th(Kocher et al., 2003). S3& 44 G471 A4 T4, 33
Aol WA E Qe P NEE YEol 9L F + Ui
AR 29 S, T NS 59 B AR
zfo] 2 Qg e

9t B-mannanase® 793¢ T2olA= Foldoz e Hert
BHAEH], ol g 2ol 7t vt ARlell disiA= F714 <l

A7E Fal Welok & Aolr,

dAeA o g S e AR el o

4 E
T BaAE AL Folsta A7 48 & A=A
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Table 8. Effects of dietary enzyme products on viscosity of
intestinal contents of broiler chicks'?

Jejunum lleum
Item
----- mPa.s -----
Control 4.18 5.50%
Tl 4.62 4.87°
T2 3.69 3.74°
T3 473 538
T4 4.77 518
Pooled SEM’ 0.36 0.36
P-values 0.195 0.014

! Data are expressed as means of six replicates per dietary group.
2 Control diet, balanced diet; T1, diet with reduction of 100 keal
ME/kg and 1% of CP and addition of 4,000 wg xylanase, 400
Wg a-amylase, and 8,000 /g protease; T2, diet with reduction
of 100 kcal ME/kg and 1% of CP and addition of 800 /g B-
mannanase; T3, diet with reduction of 100 kcal ME/kg and 1%
of CP and addition of 2,200 wg xylanase and 200 wg B-
glucanase; T4, diet with reduction of 100 kcal ME/kg and 1%
of CP and addition of 1,000 wg xylanase.

SEM, standard error of the mean.

** Values with different superscripts within a column differ

significantly (P<0.05).

w
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