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We evaluated the growth performance, biochemical characteristics, and immune responses in weaning
pigs given a diet containing MR-1 (0.2% /feed) or antibiotics (0.1%/feed) for 45 days. /n vitro study
showed that MR-1 has antibacterial activity against a variety of strains of pathogenic bacteria, espe-
cially a strain of cattle-derived Escherichia coli K99 (E. cali K99) by agar diffusion assay. In the in vivo
model, 0.2% MR-1-given group clearly ameliorated the weight gain and feed efficiency in the growth
performance of weaning pigs compared to the basal diet group (p<0.05). Additionally, 0.2% MR-1 in-
duced an elevation in the levels of mean corpuscular hemoglobin (MCH) and mean corpuscular he-
moglobin concentration (MCHC) and showed a similar pattern (TNFo and IFNy production) to the
antibiotic treated pigs. Taken together, we suggest that 0.2% MR-1 makes probiotics an alternative to

antibiotics in weaning pigs.
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Table 1. Strain and property of pathogenic bacteria

Strain Property

Escherichia coli K88 Porcine / diarrhea (£ coll)

Escherichia coli K99 Cattle (calf) / diarrhea (£ coli)

Salmonella Chicken, porcine /
Typhimurium (ST) diarrhea (typhoid)
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Table 2. Antibacterial activity of MR-1 against pathogenic bacteria by agar diffusion assay

Pathogenic bacteria

Strain
E. coli K88 E. coli K99 S, Typhimurium

Micrococcus Tuteus MR-WR + - -
Acetobacter pasteurianus MR-R1 + ++ -
Acetobacter sp. MR-R2 + ++ -
Carynebacterium imitans MR-L1 - - -
Bacillus subtilis MR-L2 - + -
Gluconobacter cerinus MR-C1 + ++ -
Lysinibacillus fusiformis nov. MR-C2 - ++ -
Sphingomonas sp. Novel MR-HR1 - +++ -
Pseudbomonas sacchargphila MR-HR2 + +++ ++
Methylobacterium sp. MR-HR3 + +++ +
Mesorhizobium sp. MR-HR4 - +++ ++
Buldolderia gladioli MR-OS1 - +++ -
Bacillus subtilis MR-OS2 - ++ -
Sporolactobacillus nakayamae MR-O2 - +++ -
Lactobacillus plantarum MR-O3 - ++ -
PBacillus racemilactius MR-O4 - + -
Pichia sp MR-CD1 - ++ -
Bacillus sp MR-CD3 + ++ -
Lactobacillus casei MR-CD4 + ++ -

Mix + +++ ++

MR-1 + ++++ +

YGrowth inhibition size of clear zone; -, not detected; +, smaller than 15 mm; ++, 15~25 mm; +++, 26~35 mm; ++++, large than
35mm.

Table 3. Effects of dietary MR-1 on the growth performance in weanling piglets

Treatment”
Days
C T1 T2

Body weight (kg) 0 9.65+0.272 10.22+0.215 9.92+0.269

45 36.48+0.687 37.09+0.550 38.19+0.724
Weight gain (kg/head) 1-45 26.830.782 26.87+0.614 28.27+0.781
Dairy weight Gain 1-45 0.60£0.017 0.60+0.014 0.63+0.017
Feed intake (kg/head) 1-45 41.85" 40.50° 40.05°
Dairy feed intake 1-45 0.93° 0.90° 0.89°
Gain/Feed (Feed efficiency) 1-45 0.64+0.019° 0.66+0.015™ 0.71£0.019°
Feed/Gain (Feed conversion ration) 1-45 1.59+0.057° 1.52+0.033" 1.44+0.043

Values were expressed as mean + SEs (n=23).
*PIMeans with different superscripts in the same row significantly differ (p<0.05).
YC, basal diet; T1, Antibiotics 0.1%, T2, MR-1 0.2%.

WA SlolA dET BRI M folsA 9% 3 AR AR5, 48] FF: FFEAG] 5 FFHA
& 3 gkorl, GE AUTA WA U9 BB g Eobl 200 T in ol BAAE RE AP 443
z7he

=7He Ao veygt 181 4 F ARAATFY 4¢3 A7F JergA gfof 53 AT & o, FHEAH A
AT MR1TFA 2T tir] FostA 24 2o= Aog AU Fula g el $4 AAR7], Fe) 4
UER Th(p<0.05). 23402 ASEET AR R TE 9 762102 Qe Al o & AFEH7 Ye 2R B

A MR-1F & FAAF4E 4482 2Fel7t el oy, MR-1 =t

T gz ustd oA AAE Aoz Yyttt E3| Bifidobacteria, Latobacillus, Bacillus R Yeaste= 713 9]

(p0.05). A2 7tSo QLA AHFA T Al F714, AR SAANGI stH L, 2, 3,9, 37], Smith$} Jones
|

il

Ol

ru[o

[e]

FAEd, 25184, HER 59 FT A= AA[16] B4]= A oA fFakwd Fole A2FHos A E



356 BBUTIX| 2014, Vol. 24. No. 4

Table 4. Effects of dietary MR-1 on biochemical analysis of blood collected from weanling piglets

Treatment”
Days
C T1 T2
0 20.62+2.456 16.41+2.663 17.93+0.593
WBC (10°/ul) 45 22.90+2.843 27.70+1.941 29.32+1.954
AVG 21.38+1.854 19.73+2.318 21.73+1.604
0 6.75+0.087 6.31+0.223 6.59+0.175
RBC (10°/ul) 45 6.52+0.648 7.57+0.216 7.27+0.204
AVG 6.68£0.210 6.68£0.220 6.82+0.156
0 9.55+0.166 9.01+0.413 9.79+0.247
HGB (g/dl) 45 10.26+0.871 11.28+0.231 11.62+0.263
AVG 9.79+0.304 9.68+0.392 10.40+0.293
0 30.54+0.485 28.09+1.347 30.74+0.683
HCT (%) 45 31.78+2.643 35.38+0.721 36.00+0.873
AVG 30.95+0.889 30.24+1.268 32.49+0.844
0 4524+0.341°° 44.39+0.705° 46.80+1.112°
MCV (fl) 45 49.12+1.238 46.84+1.112 49.64+1.573
AVG 46.53+0.659°° 45.11+0.640° 47.75+0.946°
0 14.15+0.119 14.23+0.205 14.91+0.423
MCH (pg) 45 15.84+0.397 14.96+0.409 16.00+0.523
AVG 14.71+0.258" 14.44+0.199° 15.27+0.349"
0 31.24+0.143 32.09+0.099° 31.85+0.160°
MCHC (g/dl) 45 32.26+0.147 31.94+0.108 32.24+0.075
AVG 31.58+0.165" 32.05+0.077° 31.98+0.118°
0 431.80+40.486 532.60+68.119 533.25+22.383
PLT (10°/ul) 45 64.75+39.552° 219.60+43 335 183.00+46.934
AVG 319.20+51.813 428.27+61.013 416.50+53.769

Values were expressed as mean + SEs (n=5).
ab,c

C, basal diet; T1, Antibiotics 0.1%, T2, MR-1 0.2%.
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Z5: OIRXIEN AMM =& WEFR(MR-1)9] ALZ W &It 8% 53 U 4sisin xA, oo o
S0l 0jxl= Y&
ol - olxfAT - g 3 A - WA AR uRH’ . Mgn! - g 0|37
(Fasta guAs e seagAdas), g sa sednae s seadns, Ay

distn FEALALY, ‘WHE)

of 79 FAL olfAEd AN FREANN AA e FAHIL 1959 EF v E AAL MR-1] in vitro
A& T HdH A= A dLdEd 7&’“)4 mvivo 3P (8%, 2 Atsh 9oy AA)d vA= 9%
Hrbetazl sttt 38U H o] fAE 6955 M T T 23F 4 o] tfZF(basal diet; No-Antibiotics), 34
A 7 (Antibiotics), MR-17-(No-Antibiotics + MR-1)& Hj |3t 45 &< FAAAT. MR-1o tf& 5 T ¥4
A AE e i 3 AF E i K88 S Typhinuriund ) A 43 oA (HE YEMNoH, £ cdi
K99 ol e A& ofF 23 &g E 3 (++++)E YERAAT. MR-19] i3 & 3 SAF, & 3 A4 TF 2 A
SE8TE A%e MR-19 AR Y A7l o8 ¥ 7 FAFS F7H30g 57HE B, 9 B AR AHAFE da
sto] ApA o2 ARQTEO] T W fofstA MAE RS UElHT(p<0.05). B A3tz E49
A3es WBC (BET)e=rt oE Ad7Eg w4 dHstaidon, MCH (B¢ €7 dxe2i ) ¥ %
MCHC (3¢ &7 222 $5)c 44 A7 2720 28t = th(p<0.05). 2% W cytokine
production®] 5% A3 MR-19] A& W H7}el|l o3& TNFad 7% A2zt W7t il o, IFNyS 745 A4 A
TN & Ag TR FofstA Wobxl #H, MR-19] ¢ 279 s fAE 2HE Heidy. wa
Aol frAEe oA EF v E AAY MR1L BYA mAZ did FaHol g& ¥ W oy AR W
A7F Fol A ARG AA BT} frofsiA vEtston, A wE Hpolg 2 A kel IFNye| #a glol
FAHE Aoz U offAEd Yol FAA dAAZA HFAHOE o] &o] AJT Aoz ATHT,
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