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ABSTRACT This study examined the effects of a probiotic complex (PC) containing Lactobacillus plantarum, Bacillus
subtilis, and Saccharomyces cerevisiae on growth performance, organ weight, immune parameters, fecal microbial count, and
noxious odor in broiler chicks. A total of 216 birds (4-day-old) were fed a basal diet (CON) and a diet supplemented with
0.25% (PC1) and 0.5% (PC2) of PC until 35 days of age. No difference in body weight, feed intake, and FCR was observed
among the groups. The intestinal mucosal weight of the PC1 group was greater than that of the CON group without affecting
weights of the other organs. Intestinal secretory immunoglobulin A (sIgA) levels in the PC2 group increased significantly
(P<0.05) compared with that in the CON group. The PC2 group also had a strong tendency for elevated blood sIgA levels.
Dietary PC did not affect the level of interleukin-1f in the blood and mucosal tissues or alter maltase, sucrase, and leucine
aminopeptidase activities in the intestinal mucosa. The PC2 group had higher colony-forming units (cfu) for L. plantarum and
S. cerevisiae, but lower cfu for E. coli than those in the CON group. Compared to the CON diet, the PC2 diet resulted in
a decreased H»S concentration and a tendency toward decreased CH3SH concentration. In conclusion, a 0.5% PC diet showed
increased sIgA and desirable microbial population, and decreased noxious odor in the feces, suggesting that PC could be
applied as an environmentally friendly feed additive in broiler chicks.

(Key words: probiotic complex, performance, immune parameters, microbial count, noxious gas)

N B (Huyghebaert et al., 2011)&Z 2011 7958 ZoA Al2

H7He A Aol FAIEATE o] 9F e AltiA sE

7V QA Bl Ao 2A o2 AlSHE Al upe} AN E avAbe A Aol kg AFe) AitE
THIE GAAE E3 YA, F71HA, AEFEE 5 ash A 9 RS S-S et ik whet
21 tH(Huyghebaert et al., 2011). A= 715 BiH] S0 A vl ALtAl BEE flEl ALR A 7S A S oA
A 7P 3AAR ASe® Eeta, FAA W A & e ko] grd Bl A e A& vk

" To whom correspondence should be addressed : isjang@gntech.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.5536/KJPS.2020.47.3.169&domain=pdf&date_stamp=2020-9-30

170

oy
f

& 204E 99 A AR Hobolnh

ARAAAZA G A}&o] A8 o) F FEwm 9
= A Al (probiotics, direct-fed microbials)E At Q7o
2 ehg 218 A2 dellM 7 dEEa doh A
7EA1 ] ATt o3k AdA| Y] 28713 B ofF] ¢
A FHEA= AR el ARHTHA 5 7P B
o] AMEE 3 itk AwA &= WA FF, H/MEE A
537 5ol wel 2] 9HHuyghebaert et al, 2011), 23}
U B nAEZRE 58 Wolsh=s A o|tHNurmi and
Rantala, 1973). ¢} "|Ad=o] ol o =4 49,
Salmonella, Clostridium, E. coli 5 3l nAYE2] F2-& o
Alste] =284 Ast, Wz 531 9 An o218 53
2o FEL% a5 Yehdtia B s 9 ckFuller, 1989;
Nava et al., 2005; Shang et al., 2016). =3}, ATA| & 7150
Solshn oA Nk Hsel gl A48 1ase] %
Abe] BANAA R AFEE S AKKo et al., 2003; O'Shea
et al,, 2012). ©]# 3t ATA|e] T3l = B 5tar, ATAE A
L3 Aol 1 AL AJGet Z}O X Q1T Huyghebaert
et al.,, 2011). SAlel ATAE Foigh ATlA 4T AR
o] 8ol AA 3] /M= Arh= AFE(in et al, 1998; Ko
et al.,, 2003; Wang et al., 2016)2Z}, SA|2] A7 2 Al7 o]&
o] AR 3= H1E(Awad et al., 2009; Bai et al.,
2013; Lee et al., 2014)°] 3}

ol#] gt o] fFZA TF2] &F 5ol (host specificity), 7]
AE TF 7, Als TR J7PPE 9 P egl ol
ATH(Jin et al., 1998). 7} d2] AMHS-== Lactobacillus(L.)=
Hlolx P2 A} gEel tigh A& Bl 7o) 7t
ol EAEZHE AoldE 4 Uth(Kabir, 2009). ZA}
G391 Bacillus(B.) subtilisv 73 W F2-E0] w11, 74
7o) BAE mohFo] TR AT WAL AE
° 2 HuFAcHGadde et al., 2017). Hosoi 5(1999)2 #
o B. subtilise wo1ot9< W Ul L sppe] FAES =0l
3L L. murinus$t B. subtilise 74 A €(in vitro)ol|A] vl L5}
S W L murinus®] 37l S7FT AIE Histo

B. subtilis7} 212 A7l & J&E v = A S 5

e

08.,

F

>i

Stk o|sh e ATANER wol B FHel YA
e £} A O B BFYTAE SAD
Fold 4%, uok A9 vk /0E & Ag AoR
PREIE

wieb B A= L plantarum, B. subtilis 2.
cerevisize 5°| THE BIATAZS A FEH(0%,

0.25% 2 0.5%)Z Fo] Al A, &Aslasd Sz 9

Saccharomyces

5 ATAVL MR 3 BF

MAER Fa7tks B mA e dF

1. NESE, AIZMA L Atttz

RossF(308)S T3l 3Y Bt AloA| A58 &
SA7)a, 4L A AFE S skl P Aol
7HE 21675 AAdste] Aol FAISISITh Al
(CON), EgtA#A] 0.25%((PC1) 2 E3ATFA] 0.5%(PC2)
5 3wo® ZF Al G 298 9 ER/A )R &
Aol wix|stATh Al 713hE 44 B R 35U 7HA] F
319 <t AlolA]l ARERATE AlEALR = S EEASE
TOHE, 2012)90 71Z81] S, ot 915 wjee A
o7 &7 ATARE~104%), T71(11~214%) 2 F7]
(22~359%) = TSkl BATAE AR HIE(%)

i

o wel E3a}s E](Table 1). Aol AHEE AFAE L
plantarium, B. subtilis 2 Saccharomyces cerevisiae 5°] 10°
cfu kg™' oA ¥ B HA(D&A, Haman, Korea)S A}

B3 We £ 9le

3Tt AlFHE] W o2 ol i T
APRE AHFEOlSlL, &5 AMs T4 2A FogkiTh
A= AlE <t 23412 A53kar, AAL 5% 33T
A 2T7HA] A A 2% 2 ) 248}

Atk AFL 0, 3, 21 2 359, Al AFFe 2193 2

354 ARSI A FT AlR 8 TE&S ALkl 7]
B} AbF Tl AgHssd sty SEASC] APbJra]
Wil Fste] AAEIT B AFe
o] AbH 5%1(2019-13)= L, o]9] gl FFste] e
S AT

o g
i)
(K

o)

Adkste] AFS SAsta o2 w3 & A9E do)st
o] sodium heparin®] 32 2F Al ALt I
Ayl JEn WA E B8 el 3,000 pmol A 208
A e 4 70T W EASIATE o]oA
= At 3t 2% v 5= A FAE =%
star —70Col| &4 Al74A] Bastgitt n A& < (colony
forming unit; cfu)} 7k WA FS A8 ste] e
£ 300 g= AFH3I] —70Ce] B BB



Kim et al.

Table 1. Composition of basal diet for broilers (as-fed basis)

Items Starter Grower  Finisher
Ingredients (%)
Yellow cormn 34.88 40.28 35.88
Wheat 15.00 15.00 23.00
Wheat flour 2.00 2.00 2.00
Tallow 5.05 3.63 3.15
Rice bran - 1.00 1.00
Corn gluten meal (60%) 0.63 3.00 1.13
Soybean meal (45%) 29.50 19.38 12.75
Rapseed meal (37%) 1.00 1.00 1.50
Dried distiller's grains 5.00 7.00 12.00
Meat meal (70%) 3.00 4.00 4.50
Salt 0.20 0.20 0.23
Limestone 1.23 1.15 1.00
Monodicalcium phosphate 1.08 1.05 0.63
L-Lysine-HCL (50%) 0.65 0.73 0.73
DL-Methionine (99%) 0.43 0.30 0.25
L-Threonine (99%) 0.18 0.10 0.13
Broiler premix' 0.20 0.20 0.15
Total 100 100 100
Calculated composition
MEn (kcal/kg) 3.10 3.15 3.20
Crude protein (%) 22.00 20.00 18.50
Calcium (%) 0.80 0.75 0.70
Phosphorus (%) 1.00 0.90 0.90
Methionine (%) 0.70 0.65 0.60

! Provided per kilogram of diet: vitamin A, 10,000,000 IU; vitamin
Ds, 2,000,000 IU; vitamin E, 30,000 IU; vitamin K3, 1,500 mg;
vitamin By, 2,000 mg; vitamin B,, 7,500 mg; vitamin Bs, 3,000
mg; vitamin Bj;, 20 mg; niacin, 50,000 mg; pantothen, 10,000
mg; folic acid, 1,000 mg; biotin, 50 mg; FeSO, - 7H,0, 70,000
mg; CuSOs 250 mg; CuSOy + HyO, 24,000 mg; MnSO; * H,O,
70,000 mg; ZnSO; *+ H,0, 50,000 mg; Ca(I0s), - H,O, 800 mg;
Na,SeOs * SH,O, 200 mg.
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Table 2. Effect of dietary supplementation of probiotic complex on growth performance, feed intake and feed conversion ratio(FCR)

in broiler chicks

Diets'
Item
CON PC1 PC2
Initial BW 86.68+0.45 87.42+0.67 87.08+0.78
4~21 days
BW 1,005.87+51.06 988.03+£27.71 998.67+42.99
Gain 919.08+50.70 900.61+27.56 911.43+42.71

Feed intake 1,193.01+43.62

1,199.83434.20 1,191.54+53.70

FCR 1.30+0.05 1.3340.02 1.3140.01
22~35 days

BW 2,355.18+77.76 2,348.45+70.62 2,392.69+59.71

Gain 1,347.45+54.99 1,360.74+73.66 1,392.87+76.85

Feed intake 1,871.89+73.38

FCR 1.39+0.05

1,893.67+26.63 1,873.40+64.44

1.40+0.07 1.3540.09
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Table 2. Continued

Diets'
Item
CON PC1 PC2
4~35 days
Total gain 2,266.53+£74.32 2,261.35£71.42 2,304.31+£55.55
Total feed intake 3,064.904+94.88 3,093.494+50.30 3,064.94+77.05
Total FCR 1.35+0.03 1.37+0.05 1.33+0.05

' CON (basal diet), PC1 (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10° B. subtilis 1 x 10°, and
Saccharomyces cerevisiae 1 x 10% and PC2 (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x 10° and B.
subtilis 1 x 10° Saccharomyces cerevisiae 1 x 10°).

Values indicate mean+SD (n=9).
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Table 3. Effect of dietary supplementation of probiotic complex on the relative organ weights of broiler chicks

Diets'
Item
CON PC1 PC2

Liver (g/100g BW) 1.874+0.38 1.79+0.13 1.75+0.11

Pancreas (g/100g BW) 0.17+0.02 0.18+0.03 0.16+0.03

Spleen (g/100g BW) 0.10+0.03 0.09+0.01 0.09+0.02

Small intestine length (g/100 g BW) 6.50+0.32 6.1340.58 6.48+0.51

Intestinal mucosal tissues (g/100g BW) 0.72+0.18° 0.94+0.16* 0.75+0.13%

' CON (basal diet), PC1 (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10°, B. subtilis 1 x 10° and
Saccharomyces cerevisiae 1 x 10°) and PC2 (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x 10°, B. subtilis
1 x 10° and Saccharomyces cerevisiae 1 x 10°).

Values indicate mean+SD (n=S).
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Table 4. Effect of dietary supplementation of probiotic complex on blood biochemical profiles in broiler chicks

Diet'
Item
CON PC1 PC2

Albumin (g/dL) 0.77+0.12 0.77+0.12 0.82+0.13

Total protein (g/dL) 2.53+0.48 2.40+0.28 2.60+0.43

Triglyceride (mg/dL) 22.17+£3.92 20.67+5.13 21.8347.33
Cholesterol (g/dL) 119.00+21.85 107.17+16.85 110.67+17.35
Glucose (mg/dL) 208.83+14.70 207.67£15.69 224.67+19.07
AST (U/L) 341.83+56.07 377.80+112.27 342.17+101.67

ALT (U/L) 6.17£1.17 6.67+1.63 7.00£0.89

' CON (basal diet), PCI (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10°, B. subtilis 1 x 10°, and
Saccharomyces cerevisiae 1 x 10°) and PC2 (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x 10°, B. subtilis

1 x 10°% and Saccharomyces cerevisiae 1 x 10°).
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Fig. 1. Effect of dietary supplementation of probiotics complex on sIgA in blood (A) and intestinal mucosal tissues (B) of broiler

chicks. © CON (basal diet), PC1 (basal diet supplemented with

0.25% of probiotic complex; L. plantarum, 1 x 10° B. subtilis 1 x

10°, and Saccharomyces cerevisiae 1 x 10°) and PC2 (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x

10°%, B. subtilis 1 x 10°, and Saccharomyces cerevisiae 1 x 10°).

® Indicates the significance difference among the treatment (P<0.05)

in response to the dietary supplementation of probiotic complex.
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Fig. 2. Effect of dietary supplementation of probiotic complex on IL-1f in blood (A) and small intestinal mucosal tissue (B) of broiler
chicks. © CON (basal diet), PCI (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10° B. subtilis 1 x

10, and Saccharomyces cerevisiae 1 x 10°) and PC2 (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x
10%, B. subtilis 1 x 10°, and Saccharomyces cerevisiae 1 x 106).

Table 5. Effect of dietary supplementation of probiotic complex on the activity of hydrolase in the small intestinal mucosae of broiler
chicks

Diets'
Item
CON PC1 PC2
Maltase (uM/min/mg protein) 0.422+0.065 0.4510.115 0.442+0.058
Sucrase (uM/min/mg protein) 0.019+0.009 0.021+0.006 0.022+0.007
Leucine amino peptidase (uM/min/mg protein) 0.23740.006 0.27440.111 0.278+0.067

' CON (basal diet), PC1 (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10° B. subtilis 1 x 10°, and

Saccharomyces cerevisiae 1 x 10°) and PC2 (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x 10°, B. subtilis
1 x 10° and Saccharomyces cerevisiae 1 x 10°).

Table 6. Effect of dietary supplementation of probiotic complex on colony forming unit (cfu/g) of microbes in the feces of broiler
chicks

Diets'
Item
CON PCI PC2
Lactobacillus (cfu/g) 8.06+0.21° 8.32+0.27% 8.41+0.14°
Bacillus subtilis (cfu/g) 8.18+0.30 8.07+0.42 8.27+0.31
Saccharomyces cerevisiae (cfu/g) 8.09:+0.35" 8.3240.19® 8.44+0.18"
E. coli (cf/g) 6.41£0.41° 6.360.42° 5.77+0.30°

'CON (basal diet), PCI (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10° B. subtilis 1 x 10° and
Saccharomyces cerevisiae 1 x 10°) and PC2 (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x 10°, B. subtilis

1 x 10°% and Saccharomyces cerevisiae 1 x 10°). *“indicates the significance difference among the treatment (P<0.05) in response to the
dietary supplementation of probiotic complex.
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Fig. 3. Effect of dietary supplementation of probiotic complex on the odor in the feces of broiler chicks (A: H,S and B: CH;SH).
" CON (basal diet), PC1 (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10°, B. subtilis 1 x 10°,
and Saccharomyces cerevisiae 1 x 10°) and PC2 (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x 10°,
B. subtilis 1 x 10, and Saccharomyces cerevisiae 1 x 10%). *® Indicates the significance difference among the treatment (P<0.05)

in response to the dietary supplementation of probiotic complex.
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