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8 oF : B A= Bacilus subtliss E@sHE 3719 #FE AHo] ERE| HF 5} Zﬂzﬂ A
EHE TaARTT SAY AFEE 9 garr] F4d nAe JFE RARH] flste] &5kt SA
240ut8]E 4719 AHel4t2 Ao wjR]stnt. A AHElGt= W2, Lactobacillus fermentum® 2 A
ZH AAdg QA (CP) 0.2%, HHE 8HgAR 0.3% (FECF3), ¥ E ZaAtg 0.5% (FECF5)E -5
stk B A 57 FA4, U, FdY —rﬂ]" 2+, CP A2+4te} vlwd o FECF A2+t =9
o} @l [gG e EHZ—TL CP Aejte} vlwer off FECF Ae|77}F 7kl WA Lactobacilluse o
ZT, CP AE4te} v|we w] FECF A&7t %521’21/} Escherichia, Salmonella, Coliform bacteria &
total aerobic bacteriat= FECF A&7} ¥ttt & J_7]-4 B tj x4, CP Ael++¢t vl e of FECF
A 7b =90tk §a7] n-6/n-3 A4 HlE&2 iR, CP HE+et Bluwd wf FECF A2|47 @A
ER T

mlru

Ao : YA, $4, ALY, Fird], FE, n-6/n-3

Abstract : The present study was undertaken to investigate the effect of fermented earthworm cast
feed prepared by using three probiotic mixture with Bacillus subtilis strain on meat quality and growth
performance of broiler chickens. A total of 240 one—day-old broiler chickens were randomly assigned
to four treatments: 1) control, 2) 0.2% commercial product contain strain of Lactobacillus termentum
(CP), 3) 0.3% fermented earthworm cast feed (FECF3); and 4) 0.5% fermented earthworm cast feed
(FECF5). Mean body weight gain, thymus, spleen, and F-bursal weight of birds fed with FECF were
higher than those of birds fed with control or CP. Serum IgG levels were higher in birds fed with FECF
than those in birds fed with CP or control. Cecal Lacrobacillus counts were higher whereas
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Escherichia, Salmonella, Coliform bacteria, and total aerobic bacteria counts were lower in FECF
groups than those in CP or control group. Water holding capacities in FECF groups were higher than

those in CP or control group. Ratios of n—6/n-3 in chicken meat were lower in FECF groups

compared to those in CP or control group.

Keywords : Probiotics, Broiler chicken, growth performance, chicken meat, quality, n—6/n-3
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4Ae A Aol wE wigaee e B
P 945 S FoH 2SI A

At= NRCO oJafiA] AAIE sA AFFEE(11]
Fng sto] gFL aF7HE F5L 5 U=
igsteicH(Table 1). AX] AF7|7F 59 |
olgle 24417 A&z PL AAstgen] 4 9

g 4 EF Shlth

T Tl o=
Adrrzel 2rEA HEE 5
A BAL YAS W 10 cm olE o}

29y AgAe) exE A TeloA 32717

E 33CE {ASYT 1 therE 9 2-3C
A dEon 2245 HE Ot e 9 AT

HFE T0%s FASHATE AZ|(1-219)F &7
(22-359) 9 AA AR w2 ARF A (AL
BAHE, SAE, ARESS AR A
kol AtmAdF el ogt AF WHolE Folal WH
&0l HEE fote] AAFE F ZA 124
Ao AAARE Aot HAE fFEatct A
Aol Ht el sigste MAE A=+
20%°1 siFshe 120t (ZF # o 3nkeE)y AA
stct. AFEEel osiA AEHAE F2] g1
g o=r FAstet. EAl&[(WAS-HE, &,
W, o, F7Fo))/AAZF*1001S Asta,

Table 1. Chemical composition and formula of experimental diets for broiler chickens

Growing stage

Ingredients (%)

Starter (1-21 days)

Grower (22-35 days)

Yellow corn

Soybean meal

Corn gluten

Wheat bran

Tallow

Lime stone power
Dicalcium phosphotate
Salt

DL-methionine (50%)
L-lysine HCI (78%)

Mineral mix.”

Vitamin mix.”

Total

Chemical composition
ME (kcal/kg)

C. protein (%)
Lysine (%)
Methionine (%)
Met+Cys (%)
Calcium (%)
Available P (%)

52.00 50.00
34.00 25.00
4.70 5.70

- 10.00
5.00 5.00
1.25 1.25
1.70 1.70
0.25 0.25
0.30 0.30
0.30 0.30
0.34 0.34
0.16 0.16
100 100
3,100 3,150
22.00 20.00
1.32 1.15
0.52 0.50
0.78 0.73
1.00 0.90
0.45 0.40

YSupplement/kg of diet: Fe, 80 mg: Zn, 80 mg: Mn, 70 mg: Cu, 7 mg; I, 1.20 mg; Se,
0.30 mg; Co, 0.70 mg. ?’Supplement/kg of diet: vitamin A (retinyl acetate), 10,500 IU;
vitamin D3 4,100 IU; vitamin E (DL-a —tocopheryl acetate), 45 mg; vitamin K3 3.0 mg;
thiamin, 2.5 mg; riboflavin 5 mg; vitamin Bs 5mg; vitamin B, 0.02 mg; biotin, 0.18 mg;
niacin, 44 mg; pantothenicacid, 17 mg; folic acid, 1.5 mg.
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sHath WA WEES EdE 714 Agalds
(phosphorus buffered saline; PBS 0.1 M, pH
7.02 23ste] 108] 5A4(1:9, wt/vol) g o
of dyle] FJAE ASKSH. HE A=
anaerobic chamber (5% hydrogen, 5% CO2,
balanced nitrogen)ollA @7|AEIZ  o]F oLt
Hjgke 3= 1072-107914 22 100 uls B
Foto] Wt By A€l = Escherichia
(McConkey purple agar), Lactobacillus (MRS
agar, Oxoid, Basingstoke, UK), Salmonella (SS
agar, Difco), Total aerobic bacteria (Nutrient
agar, Difco), Coli form (Violet red bile agar,
Difco)ollAl  Ad¥stAc}y.  Escherichia  coll,
Salmonella, Total aerobic bacterial= 37°Col|A]
24XM7F  S71WF  SIRAl Lactobacillus=
anaeroGen sachets”} Z¥# 7 sealed anaerobic
jarsE o]§8 AIdE StellA 37C 48A1F A
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ARt & ZHre] gauiz|olA udE 7
24 colony®] 5 ZARIALH RE nAE
g9 F= WY U&= gd w(cfu, colony-
forming unit/g of wet of cecum content)ZH

4§22 Fste] AN,

2.4, 7)o pHRl B+

garlel  B4g(WHC,  water  holding
capacity) FEHAL & 3A1ZF ool ZkE4A 10
g& 70T FExoA 308 FAS o,
4Co|A 48X7F Bt BEESEY] 1,000 rpmoll Al

=
g B Aage 48 PFL ST 7
« 2 @_%}:7%% »(’_\—15_:_]%1:)/51\—% 5]_%1:*10 »

= olgsto] H4H (%) Atstart [12].

2,5, §1o7(e] x|dit
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2HE AHE FE5H90 F oA 5 g8 &%
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Sigma—Aldrich Co., St. Louis, MO)& ©]-&3}%
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=odA 150-190C= 2HE5IAT 2F 255 19
0CZE 143t AES carrier gasZH] & 40
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L 265C® z4dstyry. 532249 03 WAy
A& o] M3 HWA-E Hlwsto] 2t fFeRs ALt
skdet [131.

2.6. SHXE

dojzl BHE AR diFg FAH 242
SPSS/Windows 21.0 (statistical package for the
social science, SPSS Inc., Chicago, IL, USA)&
o]-§5F3lt. ZF Aol A Uit Fatgkel dist
o dYufx] EAEA(one-way ANOVA)S Al
AR & dzke] OFHAM R 95% AlFeEd
A ZA=e] FAARD FoAHpK0.09E AFSHA
=8

3. Zat ¥ ng

3.1, MM
A4 A7 EF 879 AFAAL Table 20]
A mE uie} 2k A%, ARAATe gxy
o} H|we u] FECFS5, FECF3 CP A+ &A=
954l =4tH(p<0.05). FECF33} FECF5 A&
T Apole] Aol qglch. Bl AT B
@l @ ZAFkpe xT 1729 vl@
o] FECF5 A2+ 2.08, FECF3 A&+ 2.03, CP
AT 183024 FECF Hel77 thzo] vl
alol 369 g A Uepdeh Anage dzTe
W@ W FECFS A7/t felshA Egout
(p€0.05) thE7e} Flet Azl Apole] Fole
Qe dzT, A9e AgAet N o
o] BHIE WAz ATolH ApdHo] &9k
d ge warze] mgd zzte F7vt Ad
gadel ARy 2 BEA AvA @i

2o ¥ &g ez veid Ae=m B 4
QITH1,2,14, 15 AL FoE R4 A%
BHY EolE F7MIZIL FFA TS
Aste] Foan ARREN S FHA
4| T AtH2,16]. Lactobacillus,
Bifidobacterium, W7+t ‘3»! Clostridium £2
B 48 5 AAAE steZ o SA9

FAZ] FlsiA —7]'0"‘:}[17]. Rahman %
[18]2 BE 25, 45, 5F 2 6592 SAA
o 2o H]OH AAAE AHAT AeZolA 72
Al AF F7He HErdTh Shareef (2009)“ =
Az W 1, 1.5, 2% 530 BAdAS Clp7 |
< o AF 37 AlRdHE 9 /‘]'EB—:TLEO]
AR5 N U191

3.2, EXE, HIYME U=
A8, " 7] Fid(bursa of Fabricius), &
A, B RA%E Table 39t 2t} =48, 7+ &
Ae AT Atele] zpol7t §lith Fid, 4, H
o] BAE dixter vud of FECF CP X%ﬂ
T AR FOSH = (p<0.05), FidofAl
FECFQ} CP A Atole] ztol= gloltt. AHe]
SHE WaAlE AHgolA w7 FAF
E9E H2 A% g Al Igo] FREHe=R
W(EAoHA] Iohs) YL ¢ 2 o]&E°]
N7 d2d A= EoH{15, 20]. SACNA
BAAE Folotds o "Y718 FAVE =ok
= Hies 2 4l HRshnH14,20]
Abudabos 5(2016)2 SA«°l thet A2 F
7t 24, B, FA, vIge] A Al 9 vl
22| Fokthar stof 2 Autet A& tEA YEeb
oH21]. Bitterncourt — 5[22]2  SA9A
Lactobacillus acidophillus, Streptococcus

71013t A% u|PE &4, JFiro &9 faecium, Bifidobacterium bifidum& T Eol= &
Table 2. Growth performance of broiler chickens for 35 days (g/head)
Treatment groups
[tem
C CP FECEF3 FECF5

Body weight, g 1,718+38.29°Y

Feed intake, g 2,867+ 12.80°

Feed efficiency ratio 0.60+0.03"

1,834+ 43 88"
3,015+£23.01°
0.614+0.02°

2,032+37.55*  2,087%£38,01*

3,255+33.17*  3,215%£26.77°

0.62+0.03" 0.65+0.02*

C (control), CP (commercial probiotics 0.2%), FECF3 (fermented earthworm cast feed 0.3%),
FECFS5 fermented cast diet 0.5%). "Mean values *standard errors. **p<0.05.
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Table 3. Changes in organ weight and carcass rate in broiler chickens fed fermented—cast

diet for 35 days

(g/100g BW)

Treatment groups

Item

C CP FECF3 FECF5
Carcass rate, % 71.18+2.29" 71.55+4.18 71.80+3.14 71.38+4.02
Liver 2.194+0.80 2.25%+0.31 2.23£0.55 2.55+0.34
F-sac 0.07£0.03¢ 0.10£0.02° 0.12+0.02* 0.10+0.02*
Thymus 0.13£0.02¢ 0.17+0.02° 0.21£0.03* 0.21+0.02°
Spleen 0.12+0.03° 0.16+0.02° 0.22+0.01° 0.21+0.01°

C (control), CP (commercial probiotics 0.2%), FECF3 (fermented earthworm cast feed 0.3%),
FECF5 fermented cast diet 0.5%). "Mean values +standard errors. *>p<0.05.

Table 4. Concentrations of blood immnuoglobulin G (IgG) in broiler chickens fed

fermented—cast diet for 35 days (mg/dL)
Treatment groups
Item
C CP FECEF3 FECF5
IgG 140.7+11.01°Y 167.5+9.75" 201.3+10.71° 193.1£8.07°

C (control), CP (commercial probiotics 0.2%), FECF3 (fermented earthworm cast feed 0.3%),
FECF5 fermented cast diet 0.5%). "Mean values +standard errors. “>p<0.05.
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Table 5. Changes in cecal microorganism in broiler chickens fed fermented—cast diet for 35

days (ogio cfu/g)
Treatment groups
[tem
C CP FECEF3 FECF5

Lactobacillus 7.07+0.16Y  7.65+0.13*  7.97+0.22*  8.01+0.31°
Escherichia 4.52+0.28% 3.97+0.03° 3.71+0.02° 3.68+0.08°
Salmonella 4.80+0.17% 3.97+0.06" 3.5540.23¢ 3.5740.06°
Coliform bacteria 6.52+0.22° 6.11£0.27° 5.07%£0.26° 5.07+0.27°
Total aerobic bacteria 6.07+0.43° 5.12+0.38" 4.22+0.27° 4.12+0.22°

C (control), CP (commercial probiotics 0.2%), FECF3 (fermented earthworm cast feed 0.3%),
FECF5 fermented cast diet 0.5%). "Mean values +standard errors. “>p<0.05.

Table 6. pH, water holding capacity (WHC) in breast and leg meat from broiler chickens fed

fermented—cast diet for 35 days

Treatment groups

Item
C CP FECF3 FECF5
pH, Breat muscle 6.07+0.17Y 6.04+0.15 6.15+0.22 6.07+0.13
Leg muscle 6.66+0.08 6.64+0.06 6.55+0.16 6.67+0.07
WHC 65.15+3.27°  66.09+3.45° 68.07+4.12° 67.79+£3.77°

C (control), CP (commercial probiotics 0.2%), FECF3 (fermented earthworm cast feed 0.3%),
FECF5 fermented cast diet 0.5%). "Mean values+standard errors. **p<0.05.

z4 9@ AAoItH27]. Zhang 5(2016)-2 SA |
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3.5. ®17|9| pH, ¥

g7 el 7] digt pH, E4ES
ZA% A3l= Table 63 2t thed, 7i5Ao
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AL 67.79-68.07, hET 65.15, CP A&+
66.0924 FECF Ag77t tizx7o] H|sto
4.48% oI5t =R (p<0.05) HERFe CP
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A2 ZRFET9]. #xar|et AHROA W
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5001 28T & & Hege don Alg o
Ao Fxot o227 Wit waEbA H4Hol
79,291

3.6. E17|9] X|gtArt

o ool At BAZAT= Table 73 2
ot 713 At (%)L diET 11.21 ¥
CP A2+ 11.249} ®wd w] FECF AHZ47}t
1.59-1.7724 E%out eu7te/ow|7}3 it
o] "l FECF A7} 10.18-11.4724 of
2T 35.039F CP AHalt 17.039] H|steo] S-2)sh
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- 813 -



Journal of Oil & Applied Science

Table 7. Fatty acid composition of fresh leg meat from broiler chickens

(% of total fatty acids)

Fatty acid name

Treatment groups

C CP FECEF3 FECF5
8:0 Octanoic acid 0.22+0.01*Y  0.02+0.0001¢ 0.10£0.0001° 0.14+0.02°
10:0 Decanoic acid 0.02+0.000°  0.01+0.0001¢ 0.08%0.0001* 0.05+0.0001°
12:0 Lauric acid 0.04+0.000° 0.074+0.0001* 0.06+0.0001* 0.07+0.0001°
14:0 Myristic acid 0.83+0.07 0.81+0.07 0.90+0.01 0.96%0.10
16:0 Palmitic acid 25.68+0.22°° 26.40+0.31*  24.67+0.18" 23.87+0.28°
16:1n-9 Palmitoleic acid 10.25+0.17°  11.01+0.21°  7.32+0.10°  6.96+0.15"
18:0 Stearic acid 7.46+0.20 7.01£0.31 7.22+0.17 7.35+0.28
18:1n-9 Oleic acid 41.10£0.33*  41.89+0.42*  39.01+0.38"  39.39+0.52"
18:2n—6 Linoleic acid 11.21+0.27°  11.24+0.18>  18.02+0.31°  18.27+0.21*
18:3n-3 Linolenic acid 0.32+0.01¢ 0.66+0.15° 1.77+0.21° 1.59+0.32°
20:0 Arachidic acid - - - -
22:0 Behenic acid 0.25+0.06° 0.20+0.08* 0.17+0.05° 0.29+0.02°
22:1 Erucic acid 0.82+0.11*  0.68%0.05° 0.68+0.10¢ 1.05+0.10°
24:0 Lignoceric acid - - - -
Total 100 100 100 100
Saturated fatty acid 33.63£0.63  34.52+0.81 33.20%0.37 32.73+0.78
Unsaturated fatty acid 66.374£0.72"° 65.48+0.31°  66.80+£0.82® 67.27+0.58"
UFA/SFA? 1.97+0.02*  1.89+0.01° 2.01+£0.02 2.05+0.08°
n-6/n-3 ratio 35.03+0.51*° 17.03+£0.15°  10.18+0.10¢  11.47+0.15°

C (control), CP (commercial probiotics 0.2%), FECF3 (fermented earthworm cast feed 0.3%),
FECF5 fermented cast diet 0.5%). "Mean values#standard error. YUFA/SFA: unsaturated fatty

acid/saturated fatty acid. *"<9p<0.05.

= 2 Fo] BEHE HErgAitgol ZotE ZHzho]
A7 BRI AR Z-gel os uEhd
I gaEth AdAls SERE Y A4 =
= HIAZ 4 5ol HIESIHH30]. Endogt
Nakano[31]+ Bacillus, Lactobacillus,
Streptococcus, Clostridium,  Saccharomyces 4
Candida7t Z3E AAAE FAT SA9 715
9 oA xR4T S| HEARS] H
o] =2 Aol Yokl Pt Yang F9
A+32]= A A= W ALAY g2 F 7t
S n-3 AP =Y 4 Aok sHth
n-6/n-37} =2 AF9 HHA= WA HE9
dglo] 7] w2 7S 95ty 4:19] 425

ox My o

AHste Aol F8sty WHO| oshd A&
Zo] Hlg 4110 AAxFozA PPT 5 9l
L& BHSFATHS]

B oA FECFE AHT Har|e] 2wzt
6/2W7F3 AT Hl&L 10.18-114724 1E
A G712 WUk £ Qe 4:109]9] 7HRS
S & 5 U mEtA go R o] HEo| Ht
F7HER1 A7t Hart e Ao AlmHLt

B AXE= Bacllus subtiliss E3sH= 3719
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TFE Aol EHE HESt Axg EHE
TR SAY AFEH 2 gar] 4o
2= FFS ARH] ot 3stlt. SA
240Ut 4719 A2 FEste] el Hy
25kt A AEs 2, AdS ALA
(CP) 0.2%, #HE WaAt&E 0.3% (FECF3), &
HE 2TFAE 0.5% (FECF5)&2 FEstech 1
A3tg AestA o2t 2t

1. o] AArdsr BRsh ag] o SA
(kg) thxT 1.72, CP A2 1.837} H]
wt w FECF3 A+ 2.03, FECF5 Ag
T 2.0824 FECF A&+7} =4t}

2. A, 81, P FAE Yz, CP AHH
2o} vwg wf FECE AHg7t =9t

3. @9 [gG e iz, CP Hef7et v
gt o] FECF Aal17F Z715kact.

4, WA Lactobacillus= HZF, CP A &+<}
vlwg W FECF  H77b &gkout
Escherichia, Salmonella, Coliform bacteria
9 Total aerobic bacteriat= FECF 2|+
7} vrore

5. Ga7]e] gl giRE 65.15%, CP A
2 66.09%¢t HlwE w FECF Azt
67.79-68.07%2M =7 Yelsict.

6. W7l n-6/n-3 AFate] W& R
3503, CP A+ 17.03% Hud o
FECF A=77t 10.18-11.472% WA 4
ERstTt.

zeyon
FolaiF welsd 9 Py ngzel 9L #
AsfEoan AP A4S B B 2 7

7] FEe PN e Aor H,

AR 2

£ aTL Far]QArstadeAe 20161 A
EECE PR (R A AR
(C1013238-01-01)¢] Ao o]=ojFon of
o S ERUT BHE adns Agds
A E)Felutele B4 APFSATLe] Pe

#AE =dYyoh
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