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ABSTRACT The aim of the study was to investigate the effects of dietary supplementation of zinc (Zn) sources (zinc oxide
and Zn-methionine) on performance, organ weights, blood biochemical profiles, and digestive enzymes of the pancreas and
small intestine in Korean native chicks (KNC). A total of 144 KNC (n=6) were fed a basal diet (CON, 100 ppm of Zn),
a basal diet supplemented with 50 ppm of Zn with ZnO (ZNO), or a basal diet supplemented with 50 ppm of Zn with
Zn-methionine (ZMT) for 28 days. There was no significant difference in body weight, gain, feed intake, and feed conversion
ratio among the three groups. The relative weights of the liver, spleen, and intestinal mucosa were unaffected by the dietary
source of Zn, whereas pancreas weight in the ZNO group decreased (P<0.05) compared with that in the CON and ZMT
groups. Blood biochemical components including aspartate aminotransferase, and alanine aminotransferase were unaffected by
dietary Zn supplementation. Pancreatic trypsin activity in the ZNO and ZMT groups was significantly (P<0.05) enhanced
compared with that in the CON group. However, the activities of a-amylase and carboxypeptidase A were not altered by
dietary Zn supplementation. The activities of maltase and sucrase were unchanged, whereas the activity of leucine amino-
peptidase tended (P=0.08) to be increased by dietary Zn supplementation. In conclusion, the supplementation with 50 ppm
of ZnO or Zn-methionine resulted in an activation of protein digestive enzymes in the pancreas and small intestine without
affecting animal performance in KNC.
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Table 1. Ingredients and composition of experimental diet

Ingredients Composition

Corn 58.74
Rice bran 2.00
Soybean meal 25.86
Rape seed meal 4.00
Wheat bam 4.00
Comn distillers grain 1.38
Animal fat 0.5

NaCl 0.2

Limestone 1.54
Tricalcium phosphate 1.00
Methionine(liquid) 0.15
L-Lysine 0.25
Choline chloride 0.03
Vitamin mix’ 0.1

Mineral mix’ 0.1

Phytase 0.05
Probiotics 0.1

Chemical composition®

ME (Mcal/kg) 2,890
Lys (%) 1.06
Crude protein (%) 19.14
Crude fat (%) 3.70
Crude fiber (%) 3.08
Zn (ppm) 91.5

! Contained per kg of diet: vit A, 10,0000 IU; vit D;, 2,000 IU;
vit E, 421 IU; vit K, 5 mg; riboflavin, 2,400 mg; vit B,, 9.6 mg;
vit Be, 2.45 mg; vit Bi,, 40 pg; niacin, 49 mg; pantothenic acid,
27 mg, biotin, 0.05 mg.

% Contained the mg per kg of diet: Mn 86.4 mg, Fe 74.6 mg, Cu
6 mg, Zn 100 mg, I 1.5 mg, Co 0.29 mg, Se 0.22 mg.

* Analyzed values.
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Table 2. Effects of dietary Zn supplements on growth perfor-
mance and feed conversion ratio in Korean native chicks

Treatment”
Item
CON ZNO ZMT
Initial BW (g) 251.25+8.05 252.2542.98 252.00+2.44
Final BW (g) 782.25+12.61  791.50+27.72  801.00+33.02
Gain (g) 531.00£15.04  539.25+26.77  549.00+33.54

Feed intake (g) 1,693.75+72.87 1,739.25+71.90 1,715.00+64.84

FCR 3.1940.14 3.2340.22 3.1340.10

* Con (Control), ZNO (Zinc oxide, 50 ppm), and ZMT (Zn-methi-
onine, 50 ppm).
Mean+SD (n=6).

Table 3. Effects of dietary Zn supplements on the relative organ
weights in Korean native chicks

Treatment”
Item
CON ZNO ZMT
2/100 g body weight

Liver 2.00+0.15 2.04+0.11 2.08+0.20
Spleen 0.19+0.04 0.14+0.03 0.18+0.08
Mucosal weigh'[1 1.11+0.26 1.20+0.21 1.23+0.30
Pancreas 0.45+0.04* 0.38+0.04°  0.44+0.04°

* Con (Control), ZNO (Zinc oxide, 50 ppm), and ZMT (Zn-methi-
onine, 50 ppm).

! Mucosal weight includes the mucosal weights of the duodunum
and jejenum.

* Values with different superscripts differ significantly (P<0.05)

among treatments.

Mean+SD (n=3).
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Table 4. Effect of dietary Zn supplements on blood biochemical
profiles of Korean native chicks

Treatment”

Item
CON ZNO ZMT

Glucose (mg/dL)  272.38+19.26 272.13+17.22 258.88+25.42

Total Protein (mg/dL)  3.64+0.27 3.28+0.30 3.60+0.25

Triglyceride (mg/dL) 23.50+4.24  20.5042.33  20.50+2.93

Total cholesterol ) 5 13 47 134.50411.81 135.50+6.35

(mg/dL)
AST (U/L) 239.63+17.32 230.63£18.41 221.00+18.32
ALT (UL) 14.6344.07  162542.60  16.2943.30

" Con (Control), ZNO (Zinc oxide, 50 ppm), and ZMT (Zn-methi-
onine, 50 ppm).
Mean+SD (n=8).

ZARE Aol A RE A e]rellA] H]S2gh A<
Bt
d o] st Aol A & ATFAHAE FAHA Salim
et al.(2012) §A19] 71Z2AME ] 718 oA 29 ppm F
7FFe] Al @3 glucose, cholesterol 53} 22 A EL xjo]
7F 9SS stk B3 Kaya et al.(2001)% A
AA o}AE 4= (0 ppm, 25 ppm, 50 ppm, 100 ppm =
200 ppm) F A] @A 2] glucose, total cholesterol 2! HDL-
cholesterol ol o} F3Fe MR Fdrka Bt
T2} Abedini et al.(2018)2 bAoA 2kgko}d(50 ppm
2 100 ppm) X+ Zn-methionine (50 ppm 2 100 ppm)< E
% 393 47, Zne] Fol+= triglyceride, total cholesterol
T AR5 WIE fdete ZoR Husiith wgh
Abedini et al.(2018)& AHA A 80 ppme] AFstoldd 71%
Atgol 71k A3 " H 9 total protein, albumin, glucose2]
Frs T/ Basigith a3 3F 24 & AR
QL ASTS}F ALT 52 2t e 2§ ZF oA ofu]sta} g
TS giA} 2Hgol] Fofsls BARA olF A9 &4
o] A Y ow f{iislo] FAH FrtHBRE 3t =
S ISk A E o]t Giannini et al., 1999). & Al oA
2kslold] & Zn-methionines 13 A3}, AST ¥ ALT
e AEedA zto] glol HArEs Bo 1t =
2 5HA ¥= A= erdn) wehx A Asst
BEE AR 23S S8 100~150 ppm FEL
ofde] Fo= ANAlNA T £4E sk Lol ddAa
ARGl fregh JEFe wXA] e BeRE AZHEnh
=t A Aol A AFsloldd B Zn-methionine S Ho &
AT L P a0 SYEE AR 2= Fig 1| 3
20 742t Yeffidth. AR Eall &40 o-amylase<t ThE
13 &% carboxypeptidase A T == oA BEHF
2 Fo ] e Aol= A Ao Fad g
| &2 trypsine ZnO HE+= Zn-methionine 50 ppm H3F
ofol] wet SH=rt fFoletAl 7k ATkFig. 1B). 12{u
Akstod ol A Hdel FAIZE thaET(CON) B ZMT
ol Bla] XA Fas ez A7 22 AA trypsin 2
HH ZMT ol A trypsin =7 7MY =5 Aoz A4
o} HH, Afe] F4FT M EAdhs oS wIllas
(maltase P! sucrase)& A3 A3}, BF Zn Fol ol w=}
Zlol & HolA] SIthFig. 2). WE| = F3)] £422 leucine
aminopeptidase®] A E= ZnO H° EE Zn-methionine

woldl wheh S7Fshe @ P=0.08)& B ot fol4 At

4
o N &
ttlo Lo

o

it



122 A5 oldgeld e aIAAA) A 2 dotase) Wl

150

A P=0.65
120 A
c
3
é- 90 A
v.g 60 -
T
S 30
@,
=
0 - -
CON ZNO ZMT
200
P=0.01 a
3 160
s 120 b
E) ]
3 [
3 80 4
@
©
3 40
g
S 0 T T
CON ZNO ZMT
50
P=0.71
40 -
2
3 30 T
2 |
3 20
@
° i
3 10
o
50 - -
CON ZNO ZMT

Fig. 1. Specific activity of digestive enzymes (A: o-amylase, B:
trypsin, and C: carboxypeptidase A) in the pancreas of Korean
native chicks fed the basal diet supplemented with 50 ppm of
Zn with ZnO (ZNO) or 50 ppm of Zn with Zn-methionine (ZMT).
*® Values with different superscripts differ significantly (P<0.05)
among treatments (Mean+SD, n=8). P-values are presented in the

figure.
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Fig. 2. Specific activity of digestive enzymes (A: maltase, B:
sucrase, and C: leucine aminopeptidase) in the small intestine of
Korean native chicks fed the basal diet supplemented with 50
ppm of Zn with ZnO (ZNO) or 50 ppm of Zn with Zn-methi-
onine (ZMT). P-values are presented in the figure (Mean+SD,
n=8).
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Ekg] 7"/\‘C 27l J—Zﬂo} O]‘j’ 2 el =

A7) leucine amino-

et m&al il

o}i nlAll g R EAlSte TRl Eae] SRS f+
Zg 4= 9ITHHu et al., 2013; Tang et al., 2014; Troche et
al., 2015; He et al., 2019). wepA] & ARl A e nfe}
2ol Al AldA ofle] BEFols A 2 gl &
Ashe ©ld Astgac] GHEE S7M7IM, Yot &
131117é1_o/] Ag;‘q] ]_Q./Hoﬂ :.7&?1401 EJ%_E; u] =] e oLOE_ qg
2 ke

¥ APE 7n BEFOH FIANAL 4 2 &5
s umb A5 2A187] $1ke] 71 2ARE(100 ppm)
o] ZnO X+ Zn-methionine FENZ Z+Z}+ 50 ppm= 3715k
of AT, AbEel 8, A7, G steta g B &g
a4 SRS AT AFFdAE BH thET(CON)
o] Bla] 4rtolAd(ZNO) B H7IH@ZMT)well A A Fe 2F
ZF 1.2% 2 24% V1= AEgS BRI 524 Aol
AT AR I AR LTS A BE ATl A
o7k = Ae® yehhth b wF B A e
ofdel wol % 3hetA el wE Apolr} gilout, A
FAE ZNOw A Tz 2t ZMT ol Hls) frolahA| 74

ATHP<0.05). BN AY3}Er JE2I glucose, total protein,
triglyceride, total cholesterol, aspartate aminotransferase(AST)

9} alanine aminotransferase(ALT) 52 ZnO X+= Zn-methi-

onine Fojol WrZ zol7} QAT HF AN EE A}
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3t A3} g-amylase®} carboxypeptidase A S == ofde]
Foo & Zolrt gl e, trypsine ZnO2} Zn-methi-
onine Fololl el SPErt AA 8] ST ATHP<0.05). &

Aol FAAA X ZAsHE oY H-E-o) & A(maltase 2

sucrase): Zn gl Yol upgl 2fo] S Holx| ghetr} = Elo]
= E3) §4:9 leucine aminopeptidase2] 5"‘35‘; 7ZnO 9
= Zn-methionine Fold| whe} Erbsls 7432 Hch

(P=0.08). o]’¢e] A= Hol 7] ZALR Zn«l HEH5(50
T HolA ©d 2shagol Holshe B4 EYE
SR EAE Holv], Thilzo] A o]-&4 el THAA
dge nA § e ez Adch

Al Ab
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