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(Effects of protease supplementafion in diet on egg production, egg quality and small
intestine characteristic in laying hen)
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nan1swsaeuluilushesasanisiuld (Feed intake)

Barbosa et al. (2020) vinnsiasuteulesdlusaiea Tulnlvaewuglalal o1y 28-36 dUnnvi
$1uld 39087 Tnedl 5 ngunnsmanesiie Control (gmsermsilnlaldiulavuziideanis) NCA (ngui
anlnvuzaswnuiszaninimues TWsiieaa Tuwawels) NCB (ananlavuzasnuiiuszansnmues TUsh
0B TuvaLeld) NCA+protease A (nquilladulusiteaA 0.250n31/Alansuemns) NCB+protease B
(nqu7iaiulusAieaB 1.250n%u/Alansue1m15) 49 NCA+protease A ldannuuaiiise Bacillus
licheniformis Way NCB+protease B A1 WuAN B Streptomyces fradiae Wui1 NCB + protease B
fin19Aula laiumne19an Control wag NCA + protease A (Tablel) @onndosiunavas Barbosa et al.
(2021) vinnsiasueuledlusiedlulnlianeiuslalal o1 56-36 dUansi 31uauln 390 67 Teedl 5 ngu
nsnanesie Control (Aognsomnsn bilylasulavuziideanis) NCA (nquil anlavuzasniud

Usgansnnvasaulodlusiea A llvawels) NCB (anlnvuzainiuiussdansninwes WsieaB Tu



gounvléh) B9 proteaseA w@3uilu0.250 ndw/Alansuenms WannuuaiiSe Bacillus licheniformis waz
protease B L@3uidnlu 1.250 niu/Alansue s laan wuaiiiBe Streptomyces fradiae Tun1snnass
U371 Nqu Control uaz NCB + protease B fin1sAulaluunnssiuuaziiaiuinnia A nqu NCA waz
NCA + protease A (Table 2) Wiy Vieira et al. (2016) ivhnsiasueulesilusiiea Tuldlvane
wuglelatl ey 23-36 dUasi druaula 78060 Teedl 5 ngunismanesie PC (gnsenmsilalylasy
Tnrusmunusaanis) NC, (aalnsurasnuiiussansnines TWsheaA luaawels) NCs (@alnvuzas
mufiuseansnnves 1UsheaB Tusawels) NC+PT, (ﬂ&juﬁLa%mIUiaLaaA 0.125 nsw/Alansuennis)
NCg+PTg (ﬂa:mﬁLa'%mIUsﬁLaaB 0.250 n3u/Alansue1mms) TINCHPT A8 N wuaiise Streptomyces
fradiae wag NCa+PTy laarnuuaiise Bacillus licheniformis Imnﬂﬂa;mmsmaau@m Aspergillus
niger 3-phytase 300 FTU siafilansue1mis wuin nqu PC dn1sAulaliunnsingain nqu NCs wae nay
NCg+PTy 4ae NGUNCy ke NCg+PTs fiUSunaunisiulalaiunnsneiu andeyadenaiiasiiuleddn ns

iesueulailushitea B fusunansiulaliwmnsisainnguaiuay

Table 1. Effects of protease supplemented on Feed intake and egg production laying hen

Treatment Feed intake Egg production Egg mass FC egg mass Egg weight
(kg/hen/day) (%) (¢/hen/day) (¢/9) (9)
Control 0.087%° 79.60%° 45.42° 1.91% 57.09°
NCA 0.082° 76.91° 42.79° 1.91%° 55.66
NCB 0.084 77.47° 42.80° 1.96° 55.26°
NCA + protease A 0.087%° 82.51% 46.84%° 1.85° 56.77%°
NCB + protease B 0.089° 83.91° 48.46° 1.83° 56.40°°
CV (%) 2.51 4.21 2.97 3.09 1.80
P-value <0.01 <0.01 <0.01 <0.01 <0.01

FC - feed conversion; CV - coefficient of variation. , Negative control A = negative control for protease A. 2
Negative control B = negative control for proteas e B. ,* Protease A = Bacillus licheniformis (Cibenza® DP100,
Novus Internationral Inc, ST. Charles, MO; 0.250 kg/ton of feed). , * Protease B = Streptomyces fradiae

OTM

(Poultrygrow 250" - Jefo Protease, Jefo Nutrition Inc., Saint-Hyacinthe, Canada; 0.125 kg/ton of feed)., Means
followed by the same letter in the column do not differ statistically by the Tukey Test at 5% probability.

Source: Barbosa et al. (2020)



nanisiasueulullushednenandnla (Egg production)

Barbosa et al. (2020) Wu31 NCB + protease B lvinananld liunns1991n NCA + protease A
waz Controlkazngy NCB+protease B fiusunsn1snaulauinniinguNCALasNCB dduuaalanuin
NCB + protease B li/umn# 13210 NCA + protease A Lagna INCB + protease B fiusu1un1siule
1nNIING Control,NCA kagnguNCB dhudnsnmslasusnsidumaldnuin yangunisnaasdlsl
uaneeiy drutmidnly wud nga Control lalumneineainngs NCA, NCA + protease A uwaz NCB +
protease B (Table 1) d@auluau Barbosa et al. (2021) Wu31 ngy NCB + protease B dnandnly b
LANA1991NNGL Control wazdiA1annnd1 ngal NCA, NCB uag NCA + protease A dausasinmsiaeu
ornsilunalunuin lunnnquasmaassldusnsiaiu dauniald wuln nqu Control way nqu NCB +
protease B Haaluliuansineiu Inudia1uinndn ngu NCA, NCB waz NCA + protease A druiveinly
wU31 ngu Control lalunnenafiu ngu NCA + protease A waz NCB + protease B (Table 2)ag1alsfin
Vieira et al. (2016) wuin wawdelt uazanald nnngunismaaedlduandisiy daudainly wui ngu
PC lduansnaiungy NCg bag NCu+PTA laedlA1uinndn nau NC, wae NCg+PTg (Table 3) 9ndoya
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Table 2. Effects of protease supplemented on Feed intake and egg production laying hen.

Treatment Feed intake Egg production Egg mass FC egg Egg weight
(kg/hen/day) (%) (¢/hen/day) mass(g/9) (9
Control 0.096° 79.41% 50.11° 1.917% 63.11°
NCA 0.091° 76.43 44.95° 2.028° 58.79°¢
NCB 0.086° 75.25" 44.82° 1.943% 60.17"
NCA + protease A 0.091° 73.91° 45.75° 1.986% 61.90°°
NCB + protease B 0.095° 82.27° 51.63° 1.852° 62.74%°
CV (%) 2.23 4.13 5.24 4.31 2.82
P-valve <0.01 <0.01 <0.01 0.02 <0.01

Means followed by the same letter, in the column, do not differ statistically from each other by the Tukey test
at 5% probability; ,' Negative control A (negative control concerning protease A); > Negative control B (negative
control concerning protease B); > FC — Feed Conversion; CV- Coeflcient of variation; p - p-value

Source: Barbosa et al. (2021)



Table 3. Effects of protease supplemented on Feed intake and egg production laying hen.

Diet
Performance PC NC, NCg NCa+P T4 NCg+PTg SEM P- value
Feed intake (g/hen/d) 86.48° 8221° 83.19% 81.79° 82.33%° 0.50 0.02
Egg production (%) 81.99 8145  80.37 80.47 78.70 0.55 0.39
Egg mass (¢/hen/d) 4577 4416  44.36 44.08 42.53 0.35 0.06
Fgg weight (g) 55.85°  54.20°  5520% 54.78% 54.05° 0.20 0.02

pc = positive control; NC, = negative control A; NCg = negative control B; NC, + PT, = NC, with protease A,
NCg + PTg = NCg with protease B; SEM = Standard error of the mean,®® Values within a row with different
superscripts differ signifcantly at P < 0.05 (Tukey’s test).

Source: Vieira et al. (2016)

HanisiasaueulwilushteananunwlY

Barbosa et al. (2020) WU Wasidusliung iWesidudliun wazidanly wuinldwansneiuy
drupumunweaden wuin ngu NCA, NCB uaz NCB + protease B g4 nga Control wagnguiitiosio
nau NCA + protease A (Table 4) @aulusnu Barbosa et al. (2021) wuin ngu NCA Hiasidudlunng
Ladunnen991nngar Control, NCB waz NCB + protease B waz ndsl NCA + protease A liunnsinainnay
Control, NCB uaz NCB + protease B d@ulosidusilavn wuin luandeiu druddonly wudi ngu
NCA + protease A laiuansinganngu Control kag NCB + protease B diunnnuvuivediuianty wui
ngu Control, NCA + protease A wag NCB + protease B wag nau NCA wag NCB (Table 5) pgalsn
A4 Vieira et al. (2016) wu31 tuas w1 wagildenly ldunnmedu diuainunuivewddsn wuan
& NCy, NCg 4z NCg+PTg waz nau PC uaznau NCy+PT, (Table 6) anndoyananaasiiuladn ns
asueulullusiion B fmmumuestdenldgainineuleiiusiion A uasnguitliiaiu adenadu
sz WeAunaznsnezilulusydusluemsiiniswasunlas wavdwanepunuiveslionly us
aghalsAmunsiasutouleflusiea A warvioulullusfiea B danalst wosidudliung wesidudluun

wazidonnly luwanssannguitlaiey



Table 4. Effects of protease supplemented egg quality laying hen.

Treatment Yolk (%) Albumen (%) Egeshell (%) Egeshell thickness (mm)
Control 24.85 66.22 8.93 0.34°
NCA 25.25 66.21 8.76 0.36°
NCB 24.75 66.50 8.81 0.36°
NCA + protease A 25.32 65.57 9.11 0.31°
NCB + protease B 25.74 65.22 9.04 0.36°
CV (%) 2.99 1.19 2.45 2.93
P-value 0.19 0.06 0.06 <0.01

CV - coefficient of variation. 1 Negative control A = negative control for protease A. ,2 Negative control B =
negative control for protease B. ,3 Protease A = Bacillus licheniformis (Cibenza® DP100, Novus International
Inc, ST. Charles, MO; 0.250 kg/ton of feed). ,4 Protease B = Streptomyces fradiae (Poultrygrow 250™ - Jefo
Protease, Jefo Nutrition Inc., Saint- Hyacinthe, Canada; 0.125 kg/ton of feed). ,A-C - Means followed by the
same letter in the column do not differ statistically by the Tukey Test at 5% probability. , A-B - Means
followed by the same letter, for yolk color, do not differ statistically by the KrusKal Wallis Test at 5%
probability.

Source: Barbosa et al. (2020)

Table 5. Effects of protease supplemented egg quality laying hen.

Treatment Yolk (%) Albumin (%) Eggshell (%) Eggshell thickness (mm)
Control 25.69%° 65.57 8.73% 0.36°
NCA 26.09° 65.40 8.50" 0.34°
NCB 25.88% 65.86 8.25° 0.32°
NCA + protease A 25.14° 66.00 8.86° 0.35°
NCB + protease B 25.75% 65.47 8.78% 0.35°
CV (%) 2.05 0.87 2.26 2.81
P-valve 0.05 0.34 <0.01 <0.01

Means followed by the same letter, in the column, do not differ statistically from each other by
the Tukey test at 5% probability; ,1 Negative control A (negative control concerning protease A);
2 Negative control B (negative control concerning protease B), CV- Coefficient of variation; p-Value

Source: Barbosa et al. (2021)



Table 6. Effects of protease supplemented egg quality laying hen.

Diet
PC NC, NCq NC+PT,  NCB+PT, SEM P-value
Yolk 2381  23.70 23.87 24.28 23.87 0.11 0.07
Alburnen 66.26 6627 66.10 65.64 66.10 0.18 0.15
Shell 9.93 10.03 10.03 10.08 10.03 0.13 0.96
Shell thickness (mm) 0.353°  0.406"° 0.405° 0.353° 0.401° 0.010 <0.01

PC = positive control; NCA = negative control A; NCB = negative control B; NCA + PTA = NCA with

protease A; NCB + PTB = NCB with protease B; SEM = Standard error of the mean, a-c Values within a row with
different superscripts differ signifcantly at P < 0.05 (Tukey’s test)

Source: Vieira et al. (2016)

Table 7. Effects of protease supplemented digestive tract laying hen

Treatment Duodenum (%) Jejunum (%) Ileum (%)
Control 1.13 1.93 1.59
NCA 1.09 1.89 1.48
NCB 1.06 1.55 1.39
NCA + protease A 1.21 1.89 1.42
NCB + protease B 1.10 1.94 1.68
CV (%) 13.44 21.61 15.09
P-value 0.48 0.43 0.18

coefficient of variation. ,1 Negative control A = negative control for protease A. ,2 Negative control B = negative
control for protease B. ,3 Protease A = Bacillus licheniformis (Cibenza® DP100, Novus International Inc, ST.
Charles, MO; 0.250 kg/ton of feed). ,4 Protease B = Streptomyces fradiae (Poultrygrow 250TM - Jefo Protease,
Jefo Nutrition Inc., Saint- Hyacinthe, Canada; 0.125 kg/ton of feed).

Source: Barbosa et al. (2020)



Table 8. Effects of protease supplemented digestive tract laying hen.

Treatment Duodenum (%) Jejunum (%) ileum (%)
Control 0.99 1.74 1.60
NCA 0.93 1.87 1.59
NCB 0.90 1.59 1.76
NCA + protease A 0.99 1.79 1.70
NCB + protease B 1.99 1.98 1.74
CV (%) 17.95 16.80 19.34
P-value 0.39 0.25 0.83

followed by the same letter, in the column, do not differ statistically from each other by the

Tukey test at 5% probability; ,1 Negative control A (negative control concerning protease A);

2 Negative control B (negative control concerning protease B); ,3 Relative weight of the organ regarding the
hen’s live weight; CV- Coeflcient of variation; p - p- Value.

Source: Barbosa et al. (2021)

nan1siasuauleilushleasadneuzaildian

Barbosa et al. (2020) wu3n aldandrudu anlddndiunans wazanldanaiulans luunnsng
M (Table 8) Tusnuwas Barbosa et al. (2021) wuln anldandrudu anldiandlrunatsnazanldandlu

Uane ldusnsnaiu egnslsimuandeyadinanvzmiuladn maasulushiea A nswasuldshed B uas

[V
Y

a1 a [N} 1 o Y < 2 < a a A a '
nauiliiiasy lidawasdedldan NilleradumszUinaeuleilusfieaniasulusmslidansoannis

a9 UlYlaInNa il aua1MIs e

GEAl

9

® n15iEsu NCA+protease A vs. NCA:luiupnansiulusu n1siule wandnla wnaly,dns1n1s

wWasuawsiluunaly, dwdnle way drlddnveslnle

® n5la@3u NCB+protease B vs. NCB:luanasiuluau nsiuls wandely uialy, gnsinis

wWasuawsiluinaly, thwdnly was d1lddnvedlaly

® n5la3u NCA+protease A vs. NCB+protease B:liluana1aiu



® n15taTu NCA+protease A wazngal Control:ynNgun1snaaasliunneIeiy wazdu1angunis
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