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Effects of Dietary Pearlzyme on Growth Performance and Development of
Digestive Organs in Broilers
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ABSTRACT We investigated the effects of dietary pearlzyme (mudflat-bacteria origin protease) on growth performance and
development of digestive organs in broilers. Two hundred forty, 4 day-old female Ross broiler chicks were divided into 2 groups
(control vs. pearlzyme) which were randomly housed in 8 pens with 15 chicks/pen. They were fed one of two diets containing
pearlzyme at 0 or 0.1% for 4 weeks. Dietary pearlzyme resulted in significant increase in body weight during the first week
of the experiment (p<0.05). With age, weight gain and feed efficiency continued to decrease reaching significant level during
the last week. Mortality was 3.3% in control but not in pearlzyme during the entire period of the experiment. Dietary pearlzyme
resulted in increased weight (»p<0.05) in the ceca and rectum, and increased length in the ceca (p<0.05). However, there were
tendencies to increase the weight of the gizzard (p<0.071) but to decrease the length of the small intestine (p<0.068). The
results of the current study show that dietary pearlzyme affects weight gain and the development of digestive organs.

(Key words: pearlzyme, broilers, performance, digestive organs)
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o &atr, vhg el C-LTH(C-terminal)ol] Z-8-3to] A
ol =2kl #H'd &Eld(phenylalanine), E]Z4H(tyrosine), E
Y EF(tryptophan), F+42(leucine) 2 WIE] 2. (methionine) &
= Adsi, A WA= Ef(trypsin)ell ©lal] &/dske
t(Joo et al., 2001; Schechter, 2012).

HA S 15 % doME 4% 2 e RS
f3F(Joo and Chang, 2005), ¥ <912l pHe} 12(60T)
M= XS FAgtt(Joo et al., 2003). 3 H2}F 2 ca-
talytic triad2l= S0l 725 2+ 91oj(Dodson and Wlodawer,
1998), AHacid)2] 7ol gae] SRS By 3
AR o2 A7|(base)@Aol o1& A5 Hdl 4L e

&l
[}
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© Aew el AtkJoo et al, 2003). FA S AR Table 1. Formula and nutrient composition of the basal diet
S E s o] Slol e WEUALE, TAEF7IAY, WS of ek ;
Ingredients %
A, o] B m]AE(GRAS; generally recognized as safe)
Q) folnlaE 5 T i A B 44 com 390
uhg Bo| Alg AslAlR AleE 2= 9} Distillers dried grains 6.60
daA R AL AlRd Hrlele BAL Alg WA Soybean meal' 266
< BEHoR TNA ARGERY ol&E TUATIE Corn gluten' 2.59
ol ok Sl g%l mEr] wEd|, e el @A Animal fat 5.93
Aes dez 9 2o 250 544 4] Qolrt & Limestone 030
7] whiel] Ao &gl duidez vk & 4 gt i 030
Heba B Qe A A vAR G gmdRe) &
B _ _ Tricalcium phosphate 1.87
A AL S AFRATHIR ol &3t &A9] AR 1
asple] wad nAe 9ge A Aolg bysine 0.7
DL-methionine' 0.28
P
XHE I:=I_=I E:!'E:I Threonine 0.24
Choline' 0.14
1. 2l&=8 9l Akl Vitamin + mineral 0.40
Ross &7 A5 30072534, A7 = He)E =7] Cocci-guard 0.05
7h e 671 ffﬂ(pen)‘ﬂ] ARRES SdsHAl At 50 Ingredient total: 100.00
/y\] A 01/\1;oﬂ A7te] ALA|7HS Azl & AMdkE -
HHrel el 4dite] A3AtE A3 F Al Calculated values of nutrients %
Holg] 240575 242 2 Yol & 16709 glol] g 155
o - ME (kcal/kg) 3,525.00
A ASUEE T 3led, 27H«] ] 2] 7H(control & pearl-
Zyme) S W Zko} WHE w3}l T & 3201337]};(] FER- Crude protein 20.00
oF 7] 2AVR(0%) EE %:;‘.x}cﬂ(o 1%) APIEE Folsigint. Crude fat 8.03
AFSAe] &= 913 A] 35TAA] 3dmlth 2C’>’“ st Fiber 2.59
of 2198 = 21C, 283 HiFE 3 5 Al 70%¢ Crude ash 4.99
A TAHRE 60%2 FAHES gt 2L AL Calcium 087
b Tol A=zlad
23/\]2_]_’0"111 Z]’% E:1 xlj_ 1/\]77]']] 1/\]2_]: [ 11- -0 o]—}\}\q— Total phosphorous 0.72
Feddes et al., 2002; Ghazi et al., 2014). T=°lA| Al52} &
( edes et a azeta ) TEAA A=t & Available phosphorous 0.45
& Afrzo] HAKES 2L, Ao Wl ARES
Lysine 1.35
Egate] 11 mPoH, APAIA Al AR EE 477 71ES Y
2 <25 kg/m*o| itk Available lysine 1.22
AFE71ZE BoF ALSA Ulo] x5 AleAF e g Cysteine + methionine 0.96
I HARES vl Y, ZLFJLTL AL Ad A2} A& 7} |5 Available cysteine + methionine 0.90
o] AAFAE, A& F 154 = 2 AF T2 = 3nte Isoleucine 0.95
of FAIE 2, 3, 2L 45A = 2 WA FAIE SH S Calculated values of nutrients %
= o 7+ H =AHE H 2o A5l 7 - : -
= A A 588 AgeR Al Available isoleucine 0.82
TR AREES 7 A THEA S 2 WY T )
Threonine 0.97
AF o o] AArel
Available threonine 0.90
2. AMRH= Tryptophan 0.26

WA SA 27|48 7FFAME(Table 1, 3.95 kg)9 BAY Available tryptophan 0.24
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Table 1. Continued

Ingredients %
Valine 1.01
Sodium 0.21
Chlorine 0.30
Potassium 0.77
Sulfur 7.78

Choline (ppm) 1,800.00

Experimental diets were made by mixing the basal diet with the
amounts of pearlzyme at 0.0 and 0.1%. Four day-old broilers were
fed with either control or experimental diet for 4 weeks.

! Provided diet: 44% soybean meal, 60% corn gluten, 51% lysine
powder, 100% DL-methionine, 100% threonine, and 50% choline
powder.

B 05 kg A I Fol st o 12} EHE
g A 2714 7FFEALS 46 kS vl @710l Yo 108 %
F 2ol IR HIMAIR(0.1%)S Al x8ks)

~

rO

3. &7I9A L 2ol
ARAA T 289R A 2Uel, 2 AP 054 A
sl =AG 7 A¥se] 29, 29, 9F L 4L 47
2990y 2t )8 FHoz Avd F AYAPFR 7}
A7) el Qi ol 24 & ARSI, FolHhew 2712 7}
WA AAG e TAE ZPsa 2en 4zte] 3]
£ QAR B F 10|18 2YHAk /MY 7 2ol E whg
o 29 Polg 2T, T WAl Lolg 24
F sttt
4. A%z

B Ado] A= HH+EF AR FA)5F9 21, Student’s
rtestES o]-&3lo] Hx9le] aFHE EA31 th(p<0.05).
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Z 1

AT ddita Fol F 335, 2528%)7H
T Ak Abelof] 3] Apo] & Ho|x] Skt 1 o] F 3~45
Aell Al 7] AdF wFe] ol Hlal] fol A
=3k tHp<0.05, Table 2). o] gt A& vpgdoz 7t 4
AEAFFCR S S o, A4F A & Fo F3~4
T 7RE Atolell Bkl H7be] AF el thxTol vl &
7k A4S B tHp=0.078).

. 7(‘”?5 87“” , =
AF NA(F, sER)HE T
Sk AFelA T HJ Atelol] Hs] 2ol 7h IATHTable 2).
a7 SAFeR FAYE w, A4E VA & AA F
ol A A7 SA o] tixTel B3| WAME
=SR] TH(p<0.05, Table 3), AEALR Fo] &3
ol vl HelTe] SA o] aske AEdE BAthp=
0.082).

AR EES A NA(F, 59R) F A & 71 Bt o
Zo vlsl AR Hrbrol A fol A o= EUA|RKTable
3), A9 g FREo A= oA o2 Skth(p<0.05). HEg
AR Fo F 177 (p=0.096) 2 & FIH1~28Y)
(p=0.077) B} izl vl3] Hishe A3 HATHp=
0.086).

2ol AEMAl F 2 D 3FA ol 212t 1.7%2] HAL
o] WASIAAT, 0 B 4FA ol = TAsHA] LTt 1
v HA] U HAIZE de dAekR] ettt
(Table 4).

AIlREE Y HARE
T8 AR(F, RYH) 4F F

3. s AE, &7 FA4 L Zo|

A% GA T AT Ablol] A% Aolz} glgich Teut

Table 2. Effects of dietary pearlzyme for 4 weeks on body weight (g) in broilers

Experimental weeks

Treatment
0 1 2 3 4
Control 88.9+0.30 283+8.91 61749.59 1,138+16.8 1,746+23.4
Pearlzyme 89.6+0.47 298+7.22 628+9.51 1,148+16.7 1,746+23.2
Student’s #-test 0.124 0.104 0.208 0.333 0.499

Experimental diets were made by mixing the basal diet with pearlzyme at 0.0 and 0.1%. Four day-old broilers were fed with either control
or experimental diet for 4 weeks. Data are means+tSEM. * p<0.05 vs. control.
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Table 3. Effects of dietary pearlzyme for 4 weeks on feed intake (g), weight gain (g) and feed efficiency in broilers

Feed intake (g) Weight gain (g) Feed efficiency p-value
Weeks Control Pearlzyme Control Pearlzyme Control Pearlzyme iif:l?e Z?ih t . fif;iicy
0~1  345+2.94 34.9+2.95 27.8+0.36 29.8+0.24* 0.52+0.01 0.55+0.00* 0.396 0.000 0.000
1~2 7274256 73.7+3.09 47.5£1.38 47.5£1.36 0.65+0.02 0.65+0.02 0.339 0.486 0.494
2~3 11144256  111.1£3.09 74.5+1.33 74.0+1.18 0.67+0.01 0.67+0.01 0.463 0.387 0.398
3~4 16274148  168.4+1.78*  88.0+1.49 84.7+1.85 0.54+0.01 0.50+0.01* 0.004 0.082 0.005
0~2  53.6£2.61 54.3+2.68 37.7+0.69 38.6+0.67 0.58+0.01 0.60:£0.01 0.406 0.164 0.138
0~3  729+2.13 73.242.19 49.9+0.80 50.4+0.80 0.61+0.01 0.62+0.01 0.463 0.343 0.212
0~4 9534230 97.0+£2.30 59.2+0.83 58.6+0.98 0.59+0.01 0.59+0.01 0.361 0.319 0.394
2~4  134.0+2.84  136.7£3.10 81.1+1.22 79.5+1.25 0.61+0.01 0.58+0.01* 0.262 0.184 0.048
1~4 112.543.12  114.543.28 69.6+1.12 69.0+1.10 0.62+0.01 0.61+0.01 0.326 0.342 0.126

Experimental diets were made by mixing the basal diet with pearlzyme at 0.0 and 0.1%. Four day-old broilers were fed with either control
or experimental diet for 4 weeks. Data are meanstSEM. * p<0.05 vs. control.

Table 4. Effects of dietary pearlzyme for 4 weeks on mortality
(%) in broilers

Experimental weeks

Treatment
0~1 1~2 2~3 3~4 0~4
Control 0 1.67 1.67 0 33
Pearlzyme 0 0 0 0 0

Experimental diets were made by mixing the basal diet with pearl-
zyme at 0.0 and 0.1%. Four day-old broilers were fed with either
control or experimental diet for 4 weeks.

273 vrge] Ao B A FAlE AR FolFellA 9]

2 7% 3(Table 5, p<0.05), =91¢] Ao 2 Ao A
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B4 FAT AN ol

=3
= 7(:)] ‘k(p<0 068)0 010}\ 1, 1- Z_:]o]l—c %_4%4 o= gloh;]_
(p<0.05). 12t 29 2 AA = 2ol 7} YA THp>0.05).
o &

2 Qo A m AR o TR Aol 2
A9 AR ol Eelel SAs] B3 Lol

3 23 Al 37k

5 ﬂ £ BRI, Foi7]
AFel S7tl® e7ota, SAH &
ZTol| A 4531 ARA7IZE S<t
Z 3.3%°] HAREo] WABAAINE ARG ATl A = H
AHAIZE A AR skt S AFE Ulol A n A E
freff S A RS g4 (Kim et al., 2007), xylanase(Engberg
2004; Kalmendal and Tauson, 2012), ZL2] 3l serine
247} e 37FA] ¢
F A58 (fungal xylanase, protease, 90 bacterial a-amylase)
(Gracia et al., 2003)2 7151992 Wl |42 ALEAF ol
32 A EUt) Xylanase(Engberg et al., 2004) == 3
7R & AEFA|(Gracia et al., 2003)= SAS] SAFS 5
7M1 Z A |F, Kalmendal and Tauson(2012)°] 33t =0l
A& xylanase®} serine protease= o= FT/MATIEH &
2} ALk ST opish, ARETE B AREE
NN E 7z} =Rulth Z49 FI) F EE FoneiA U
EPdtHEngberg et al., 2004; Gracia et al., 2003; Kalmendal
and Tauson, 2012). ©]&|3 AF}= AlgC Hrlshes G429
5 2 S = ugbd G401 AARAHE, SAE AR
B& T mlAe o] vET= AS Akt =& AL
59 dufr| o} gl weA B E3rt depxich
AR ALzl BAAE H7bsHA A UA| A &} Bl =%
3= E 4 JHKim et al., 2007; Kim et al., 2006). 742
S e AR EAaAE b AduRAlEE A

et al.,

protease(Kalmendal and Tauson, 2012)E&
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Table 5. Effects of dietary pearlzyme for 4 weeks on organ weights, length and their relative weights (g /100 g of body weight (BW))

and length (cn/100 g of BW) in broilers

Treatment Gizzard Large intestine Small intestine Ceca Abdominal fat

Control 24.0£1.50 2.90+0.20 50.8+2.20 4.67+0.30 21.9£1.70
Organ weight (g)

Pearlzyme 26.6+1.20 3.40+0.20* 48.2+0.80 5.62+0.20* 19.0+1.50
Organ weights Control 1.33+0.07 0.14+0.02 2.8340.11 0.26+0.02 1.2240.08
(g/100 g of BW) Pearlzyme 1.5140.09 0.19+£0.01* 2.4240.35 0.3240.01* 1.0840.10

Control 5.96+0.16 8.1440.51 151.6+2.74 27.6£1.10 -
Organ length (cm)

Pearlzyme 5.93+0.12 7.81+0.23 143.3+4.53 30.3+0.92* -
Organ length Control 0.33+0.01 0.46+0.03 8.46+0.15 1.54+0.08 -
(cn/100 g of BW) Pearlzyme 0.33+0.01 0.440.02 8.05+0.19% 1.7120.07 -

Weight 0.101 0.039 0.156 0.011 0.105

Weight (g/100 g of BW) 0.071 0.032 0.14 0.03 0.138

p-value
Length 0.443 0.284 0.068 0.041 -
Length (g/100 g of BW) 0.464 0.352 0.052 0.074 -

Experimental diets were made by mixing the basal diet with pearlzyme at 0.0 and 0.1%. Four day-old broilers were fed with either control
or experimental diet for 4 weeks. Data are meanstSEM. * p<0.05 vs. control.

Fe &A1) SAFE S71E I, AR LTEE AE o] 319

UzAg 2e] et §ARE Z3171 JeERdtHKim et al., 2007).

= AN e 2R B9k ZolE A=A
oI TR Al HAplo] ashy|de] 1w
A s dFE Bkl BA MRS SACNA =
ofsile W el Zojok FAlE aekdla, A4t W
gol Aolel FAE S7RIT oM@ dite ahe A
27}t syl de] AA| e aspr)de] dFEQ HolAA,
T 2 8o FA EE Hold 93 FAUTE o
2 d7akee] Aol A el || 7w B
agkeS Ak skl 24, WA B AR We=

(Engberg et al., 2002; Engberg et al., 2004; Gracia et al.,
2003; Kalmendal and Tauson, 2012), £:3}713%2] Zo]9} LA
(Engberg et al., 2004; Gracia et al., 2003; Kalmendal and
Tauson, 2012), |7 223} 8 Ax(Engberg et al., 2004), Al F
F(Engberg et al., 2004), 23} 7] 2] 7 =(Engberg et al.,

2002; Gracia et al., 2003), pH(Engberg et al., 2002; Engberg
et al., 2004), === ATP(Engberg et al., 2002; Engberg et al.,

2004)7} EA AT G4 B3 (fungal xylanase, protease,
90 bacterial a-amylase)= 57| 272] AN AQA FA E(Gra-
cia et al., 2003), xylanase= A1) Ao Agx} <] A
Q1 FA(Engberg et al., 2004)5 7HAA]Z T} B3 xylanase

9} serine protease= S| 3]742] HolE 7HAA|Z th(Kalmen-
dal and Tauson, 2012). ¥4t o2} A5 3 G490 HIle=
23713 Ho] S % WA ZInt 371 84 BdAle &
A AW AEE AaA7la, 339 g2 =olek He
g 27113 gl 7]
d M2 ATPO] SEF F7HA17]1a, pHE #HAAZ T
=919 FAl= Alm W] FE TR dAF 2710l o
b S22 ¥t ol 2l (Engberg et al., 2002), S42] A7}
5o etz BEAH o2 Z7ATHEngberg et al., 2002;
Gracia et al., 2003). 7}FALRE 4133 Sol &) HZAlR
E A 9o 29 e gassla, 2999 pHe ATP
= 57kt Xylanase= <919 A&l FAIE 7HaA]
ZA A "HEngberg et al., 2002), 371X &4 E-3A|(fungal xy-
lanase, protease, 90 bacterial a-amylase)= %] F-Alol &k
2 A 23U (Gracia et al., 2003). ¥ A2 A3}, A
747]'*}_&3 AT SAY 29 FAVE Sk Ade B
ol e AFArES] Aie} Advkdrt ol A3
© ARl M B4l T B S =l wheba # A
v = Gl t2tes Ae AAbsi, 5 71491
T7F ettt
AP s A e] SAALR A7t o A F
gt SA E3E B, F5oi7|3te] Aahel| wet A

131(Gracia et al., 2003), xyalnaset:= 4%
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