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Effects of Supplementation with Transgenic Bacillus subltilis Secreting
Chitinase on Growth Performance, Nutrient Digestibility, Blood
Characteristics, and Carcass Traits in Finishing Pigs

Hyo Jin Kim, Jin Ho Cho, Ying Jie Chen, Jong Sang Yoo, Yuan Wang, Yan Huang, and In Ho Kim*

Department of Animal Resource and Science, Dankook University, Cheonan 330-714, Korea

ABSTRACT

This study was conducted to investigate the effects of supplementation with transgenic Bacillus subtilis secreting chitinase
on the growth performance, nutrient digestibility, blood characteristics and carcass traits in finishing pigs. A total of sixty-
four pigs (50.82+0.82 kg, average initial body weight) were assessed over a period of 84 days. Dietary treatments included:
1) CON (basal diet without antibiotics), 2) AD (basal diet + 0.1% Virginiamycin), 3) CDO0.5 (basal diet + 0.5% transgenic
B. subtilis), 4) CD1.0 (basal diet + 1.0% transgenic B. subtilis). Each dietary treatment had 4 replicates of 4 pigs per pen in
a randomized complete block design. In terms of growth performance, the ADG (average daily gain) and gain/feed ratio
were significantly increased with the CD1.0 diet compared to the AD diet during weeks 0-4 (p<0.05). During weeks 4-8,
the ADG was significantly increased with the AD diet compared to the CON and CDQ0.5 diets (p<0.05). The ADFI was also
significantly increased with the AD diet compared to the other diets (p<0.05). During weeks 8~12, the ADFI was signifi-
cantly increased with the CON diet compared to the other diets (p<0.05), and the gain/feed ratio was significantly increased
with the CD0.5 and CD1.0 diets compared to the AD diet (p<0.05). Over the entire 84 day test period, the ADFI was signit-
icantly increased with the AD diet compared to the CD0.5 and CD1.0 diets (p<0.05). The gain/feed ratio was significantly
increased with the CD0.5 and CD1.0 diets compared to the CON diet (p<0.05). In terms of meat color, the L value was
significantly increased with the CDO0.5 diet compared to the CON and AD diets (p<0.05), and the a value was significantly
increased with the CON diet compared to the other diets (p<0.05). In terms of sensory evaluation, meat color was signifi-
cantly improved with the CON, CD0.5 and CD1.0 diets compared to the AD diet (p<0.05). Marbling was significantly
increased with the CON diet compared to the other diets (p<0.05). Firmness was significantly increased with the CDO.5 diet
compared to the AD diet (p<0.05). In conclusion, supplementation with transformed B. subtilis secreting chitinase improved

gain/feed ratios and influenced meat color. Thus, we suggest that transformed B. subtilis secreting chitinase can partially
substitute for antibiotics.
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et al., 1986; Brine et al., 1992, A 5, 2004).
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A7V 1 o84S Y F IS Ao JAAY, E
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%2} 1) CON(basal diet without antibiotics), 2) AD
(basal diet + 0.1% Virginiamycin), 3) CDO0.5(basal diet +
0.5% transgenic B. subtilis), 4) CD1.0(basal diet + 1.0%
transgenic B. subtilis)= 4422 s}HOoH AEd 4ukE-
e 45 shAele] MASITh B AR A
St B. subtilis %+ 3x10® CFU/ge]|1c}.
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Table 1. Basal diet composition for finishing pigs(as-fed basis)

Ingredient %
Ground Corn | 65.05
Soybean meal 14.40
Rice bran 15.00
Fish meal 3.00
Phosphate 0.95
Oyster shell 0.70
Salt 0.30
Mineral premix 0.30
Vitamin premix 0.30
Total 100.00

Chemical composition
ME, kcal/kg 3,219
Crude protein, % 15.20
Crude fiber, % 4.66
Crude fat, % | 8.17
Lysine, % 0.76
Calcium, % 0.72
Phophorus, % 0.43
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3}SHE47)(Hitachi 747, Japan)E ©]-8-3k] 431511, IgG
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Table 2. Effects of transgenic B. subtilis secreting chitinase supplementation on growth performance in finishing pigs

Item CONV ADV CD0.5Y CD1.0Y SE?
Initial BW, kg 50.89 50.75 50.86 50.76
Finish BW, kg 116.00 119.13 116.04 118.88
0-4 weeks
ADG?, kg 0.701% 0.611° 0.669% 0.714* 0.033
ADFI?, kg 2.000 1.906 1.869 1.935 0.047
Gain/Feed 0.351% 0.321° 0.358%® 0.369? 0.018
4-8 weeks
ADG?, kg 0.850° 0.998° 0.829° 0.910%® 0.031
ADFI?, kg 2.715° 3.006 2.526° 2.687° 0.077
Gain/Feed 0.313 0.332 0.328 0.339 0.015
8-12 weeks
ADG?, kg 0.775 0.834 0.829 0.808 0.031
~ ADFIY, kg 2.595¢ 2.498% 2.372% 2.283¢ 0.069
Gain/Feed 0.299° 0.334% 0.3492 0.354* 0.015
Overall
ADG?, kg 0.775 0.814 0.776 0.811 0.017
ADFI?, kg 2.437% 2.470° 2.256° 2.302% 0.052
Gain/Feed 0.318° 0.330* 0.344? 0.3522 0.009

DAbbreviated CON, basal diet; AD, basal diet + 0.1% virginiamycin ; CDQ.5, basal diet + 0.5% transgenic B. subtilis,

1.0% transgenic B. subtilis.
2Pooled standard error.

YADG, Average daily gain; ADFI, Average daily feed intake.

®Means in the same row with difference superscripts differ (p<0.05).

CD1.0, basal diet +
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(p<0.05). ZA| AFFAIRA717EESE, dB5AFNM = 2
TRl FrelHd AelE HolA| 3tk (p>0.05). dEAIR
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(p<0.05). 3FA|YF, HA| AlF7|1FERE Alg R &AM CDO.S
% CD1.0 #2777} CON Ae7Eu wi-$ & A74E
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= FIXA] et Hustget ojHd A7 ARELS 2
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S| EGATAE Fraod AlRA LA ol
ol BEAE AH7Ye At 79 vlaste f9
Fog FSthe Riude dAEIHT. & Algo= A
889 oA A AE]7A AD X279} B. subtilis
%71—?01 CDO0.59} CD1.0 #2737kl #2342 #bol= §l

Aot FARE ALREES Holy] MR FYAS 32
ZL_E_ HAE & Js Aoz AlFgHE

HSEo Slo} 7|RlRs|a4as Fulsle 448 B
subtilis®] AFREV F7P7F F%h AFE) vXE e
Table 39| VYERIITE 5, Fa 2 2 43818 2
Tl FelAR] ApolE HolA| 8kthp=>0.05). Kim &
(2003)0] ©]fA=0l] Chitosan-CuE H7}F38F AP A
= AE, 29, A, 233559 NFEQ] Y4 o8&
AN #F2lH21 ZolE HolA| dgtthe Biiel X3
oF. Z1EY, Kil 5(2004)0] olfAlEe ATAE AVE
gt AlFME A8, Ah 43S dEzT7F ATEA
Zelge} Blalst folF o Ysithe Baoke Aol
Table 3. Effects of transgenic B. subtilis secreting chitinase

supplementation on nutrient digestibility in finishing

pigs
Item, % CONV ADY  CD0.5" CD1.0“  SE?
DM 80.38 80.13 80.32 80.38 0.56
N 78.23 77.12 77.66 76.66 1.25
P 47.13 48.71 47.76 47.93 2.23

D Abbreviated CON, basal diet; AD, basal diet + 0.1% virginia-
mycin; CDO0.5, basal diet + 0.5% transgenic B. subtilis; CD1.0,
basal diet + 1.0% transgenic B. subtilis.

?Pooled standard error.

EECREN TR
A L
subtilis® AFEY H7P @dAd o) v X]= F3FS Table
40] VERRRITE "l 1} total protein, albumin, IgG, RBC,
WBC % lymphocyte?] &ollx= 7\AA, SEA] R H
sk 25 A2t Afo)E HolR| THp=>0.05). Kim
=(2003)°] o]f-A}=0o]| Chitosan-CuE H7}Fst AlF o
A 1gG o] Tl vlg] wWdthe B1el Kil F
(2004)°] oAt B ST ATAE AT A
PellX 1gG FHgol 2Tl Blsl AdAl 77 @3k
e Rk Aolslatt. HIE B Aol Ay &
dated ATkl 73 2po|& HolF] gigtort 7]
EAR2 dukr o g A a st okal AR o
0|9} FHE H+=S(Nishimura ef al., 1984, 1985, 1986;
Suzuki et al., 1986; Tokoro et al., 1988, 1989) Tk ¥ il
Ho] Er & v 2e A7t sty AlEH
HS-Eol glo] 7|82 EAE By F&AS B
subtilis®] A5 H7PF $25Aol HlR= 93 Table

Table 4. Effects of transgenic B. subtilis secreting chitinase
supplementation on blood characteristics in finish-

ing pigs
Item CONP  ADY (CD0.5P CD1.0Y SE?

Total protein, g/dL

Initial 6.90 7.30 6.88 6.93 0.30

Finish 7.23 6.83 7.13 7.20 0.18

Difference 0.33 -0.47 0.25 0.27 0.40
Albumin, g/dL

Initial 3.78 3.33 348 343 0.16

Finish 4.03 4.08 4.20 408  0.11

Difference 0.25 0.75 0.72 0.65 0.19
IgG®, mg/dL

Initial 1071.25 1140.75 1112.00 938.00 67.87

Finish 893.30 890.50 920.50 973.30 81.78

Difference -177.95 -250.25 -191.50 35.30 109.98
RBC?, x10%/uL

Initial 6.36 6.41 5.92 5.67 0.36

Finish 7.51 7.76 7.32 7.49 0.16

Difference 1.15 1.35 1.40 1.82 0.35
WBC?, x10°/uL

Initial 17.30 21.71 21.30  20.95 1.88

Finish 25.82 19.76 21.09 19.69 2.96

Difference 8.52 -1.95 -0.21 -1.26 3.27
Lymphocyte, %

Initial 42.75 32.50 4400 44.50 6.15

Finish 61.00 60.50 61.00 59.75 4.24

Difference 18.25 28.00 17.00 15.25 7.00

DAbbreviated CON, basal diet; AD, basal diet + 0.1% virginia-
mycin; CDO0.5, basal diet + 0.5% transgenic B. subtilis; CD1.0,
basal diet + 1.0% transgenic B. subtilis.

2Pooled standard error.

*IgG, immunoglobulin G; RBC, red blood cell; WBC, white blood
cell.
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Table 5. Effects of transgenic B. subtilis secreting chitinase

supplementation on meat quality in finishing pigs

Item CONY  ADY CD0.5Y CD1.0Y SE?
Drop loss, %
1 day 3.67 1.95 2.63 3.49 0.93
4 days 8.99 9.67 6.96 10.11 1.47
7 days 11.57 11.94 938 11.30 1.38
pH 5.50 5.49 5.49 5.50 0.01
Meat color
Lightness (L) 40.54°  37.81° 42.83* 42.58® 0.76

Redness (a) 13.54*  8.18° 10.05°® 9.17* 0.51
Yellowness (b) 2.70 3.19 2.48 2.75 0.24
Sensory evaluation

Color 221*  1.85°  240* 246* 0.09
Marbling 2.58*  2.04° 204> 190° 0.09
Firmness 1.98%° 173>  204* 1.94% 1.10

Loin area, cm® 4422 45.08 4394 4539 2.01
Carcass Grade® 1.75 1.50 1.88 1.75 0.45

YAbbreviated CON, basal diet; AD, basal diet + 0.1% virginia-
mycin; CDO0.5, basal diet + 0.5% transgenic B. subtilis, CD1.0,
basal diet + 1.0% transgenic B. subtilis.

JPooled standard error.

91 : A grade, 2 : B grade, 3 : C grade

®Means in the same row with difference superscripts differ
(p<0.05).

59 YERIIT. S544, pH, T4 @13 9 =3F
ANXE ATt ZpolE HolA] etth(p>0.05). 524 l
A L 3 CD0.5 A8]3-7F CON# AD A g]tHc} =24
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CD1.0 #2j7+<} vlwste A HUTHp<0.05). L1} b
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2 Z7FF.0™ (p<0.05), 4-8F FLoll= dE5A F Al
FAHZNA Aol AD A7 CON AHz|7eF 23
3} B. subtilis A7 HI8] FFE ATHp<0.05). 8-12F
Sote] APABHASAN CON A7t F4He B
subtilis A7V <} v|wBle] FolF o2 =781 9™ (p<0.05)
AR ELNNE FAAS B subtilis F7F7t AD M2 T+
Hol 80180 2 Z7181tHp<0.05). AA Ak7|7t <t
= A EAHA BN AD HB77t 23 B. subtilis
A7brl Hinske] §e180 2 Z7)519.0H (p<0.05) AHE
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M2l et wlmate 40 EIEHTHp<0.05). 1 A
A, AMREE, A4 7IREHEAE BEHlse ¥
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Ay, e A4S, Ay
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