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Abstract

The microbial and chemical changes, and characterization of the predominant acid-producing bacteria
in the fermenting pig feces blended with corn meal at a ratio of 50:50 were studied. The fermentation
was dominated by lactobacilli, which multiplied rapidly for the first 24 hours. The acid produced during
the fermentation caused rapid pH drop to pH 4.5 and halted the growth of E. coli and yeast. The
initial acid producing bacteria in the mixture was predominantly Streptococcus species, which were reduced
in number rapidly. After 7 days of fermentation, three lactobacilli species were appeared L. acidophilus,
L. fermenti, L. delbrueckii. Chemical changes during the fermentation were also studied.

The lactic acid fermentation imparted a good tangy acid flavor to the corn-feces mixture by removing
or covering the fecal ordour and made the corn-feces mixture palatable for the animal as well as halted
the unwanted microbial flora. We hope the lactic acid fermentation will replace the heat processing in

the utilization of animal feces.
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Fig.1. Changes in Chemical Constituents during
the Fermentation Process of Feces-Corn
Mixture at 30°C.

—(Q)— : Total acid N

Table 2. Changes in Amino Acid Composition in
the Feces-Corn Silage.

—@— : Volatile a.cid . Amino Acid fermB:r{(t);Sion %grgfe};\st:fitgg Percent
—A— : Non-volatile acid (2/100 g dry wt.) changes
— X — : Moisture N
— A— : NHg-Nitrogen L)‘751f1e' 0.61 0.67 9
—©—:pH H1st'1d1ne 0.28 0.35 25
Arginine 0. 56 0.57 2
Tabel 1. Chemical Analysis of Swine Feces and Aspartic acid 1. 00 1.03 3
Corn Meal. Threonine 0.49 0.51 4
Component(/dry g) Swine feces Corn meal 261::;;ic acid (2) Fo)é g 512 g
Crude protein (%) 20.19 9.94 Proline 0.78 0.92 18
Crude fiber (%) 11.58 7.03 Glycine 0.53 0.53 0
Crude fat (%) 4.89 4.59 Alanine 1. 56 1.69 23
Crude ash (%) 27.19 5.14 Valine 0.67 0.68 1
Nitrogen free ext (%) 36. 15 73. 30 Methionine 0.25 0.27
Rorvon o Tam e Telewine o 0%
NiteN (o) so0osn Bel e om 1
True protein (%) 12.41 81 Phenylalanine 0.61 0.63 3
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Fig. 2. Changes in Microbial Population during

the Fermentatnoi of Feces-corn Mixture at
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Fig. 3. Population Pattern of Acidic Bacteria du-
ring the Fermentation Process of Feces-Corn
Mixture at 30°C.

30°C.

—@— : Total count, ~—[J—: Yeast

—(Q— : Acidic bacteria, —A— : E, coli.

—A— : Fecal Streptococci —Q—: L. fermenti
—[O—: L. delbrueckii —A—: L. casei
—@—: L. acidophilus —[M— : Total acidic-

Table 3. Acid Producing Microbial Population during Fermentation.

bacteria

Microorganisms Pig feces Cattle feces Grass silage
Homo fermentative group
S. faecalis Cc + 4+ + 4+
S. faecium 4 I
S. lactis 4
P. acidilactici 4
P. urinae-equi 4k
L. acidophilus + IS
L. delbrueckii + + 4+
L. casei + -+ -+ ++
L. plantarum
Hetero fermentative group
L. fermenti ++ 4+ ++
L. buchneri + +
L. brevis + NS
State (initial-final)
Composition (wt/wt) feces (1) +- feces ext. (1)+ fermented
corn meal (1) cracked corn (2) mixture ext. +
glucose (%)
Acidic bacteria (cells/dry g) 108~108 5X107~108 5X 107~5x% 10°
Ferm’n time (°C) 10 days (30) 6 days (28) 3 months (27)
pH (initial-final) 6.8~4.2 7.2~4.22 6.0~3.6
Reference Present G.R. Hrubant Gakuo gitahara
(1975), E.F. (1969). Yuji
Knight etc. Sasaki (1972)
(1977)

a. faecal streptococci



3X 105 cells/g o} o1} 24 A7k
aich.
3. HARO AAMH #HE|
A4Fe AstE Fig 33 2ol 274 & AA
RAF42] o ko] fecal streptococci o glovt o}
A% Aasgerd, #aAAE $AE 7l "EE
o 7% lactobacilli o)k, WMES AP EE
o} Lactobacillus <302 L. fermenti L. cello-
bzosus. L. casei L. acidophilus, L. delbrucekii 7%
283tgled, #E 279)E heterolactic ] L.
fermenti ¢ S-ASARt 54 F FEHE hemola-
cticQl L. acidophilus 2 A=l F4TT 9
s el st

Fol =¥ A

S e

H’}%ﬂ gw, $PdE gFHEol fﬂ-‘?—%ﬂ—% A3
gz 9. 2 AQAA=
$AAR g 7l SEE "
s rEsk APe] =t v’“--"i—O] 23 F
Astgedl ojz-e wa FF B Aol A
-‘?—ﬂM golrt: F¥uFoletz A=, NHy
Azt vha Fastm oAl FEol A% T
7P‘5P o Hol o& /‘H?“_’r of &k A HA
o] o= AE ol Aoz A4HH
2 AgAE 24*1% % pH7} 4.5,59 %
pH 4.2 2 geixdl wlste] Knight!® Fof 2
o239 7] zArgobe] W3 vl gl wE pH 7
27] pH 6.9~7.2°1" Aol ¥ 40%} 60%
239 AL 39 Wl pH 452 Felzl #=d 20
%e 109 FpHA47TE g ote o -84
Fheke] BE 4% pH b Adlste] A4 H3A
<l @A gekz shgleh. Harpster 5-#08 -4
/\}O] 87 &= pH 4.5, Harmon 5@ A& &4
& EFete] 61~7197 AT Fof pH 3.7~4.7
A9 de Ludge. =% F4d 4o o
Ho] wF A A Aod Hol Y4 AL A
Ao w ArEHH Knight 549¢) 7] 24} 8.9)
o 20, 40, 60%8/Fste] 1007 AT A Y
A By AA kol 27 2,37, 4.58, 7.37% (DM)
o wwsdlgct. &% 4 E. coli 7t 24~48
Zo] AZHA G AL ATy A4
F23F pHzlad] ARQIE Aoz A2Es,

mlm feordl 2

39 & rUI

19.2:,.3._%-{0
[ 42

PR EEEIE L
pH A ste} v 8o} Salmonella’} ARsgchz R
setgch B AQA Rt AEEA %‘%7)\
ERYe] Ry YA S57F obd Aoz A
Hul, E. coliz 2 AAT = F3) ]* e
ol faul AR AxzA A4 AY
A=

Hé—:é‘_%.ﬂ o] &= fecal Streptococcus spp. 7+ F 8.3

& dte Ao A4 ¥ F don fAR A

:rLil'] Woolford@®= pH 5.0~6.5 ol A Streptoc-
occus S 2 TAES] A4S ATk ww)
At Woolford o] 93 mzi Apola = i
L. plantarum o] 7}7 qbgdt wl g £oleh sttt
Table 32 wlmel st 2ol ZAE] +, pHH
H5e Az v %o Eolt $3, T2
=z wrgel zr)ol & Streptococcus spp. 7F B &
ool E7)o] $RFH Fxslold A L. planta-
rum o], B2 ol L. plantarum & iR}
A erskon] WAl L. acidophilus 7} $-A 3+ ot
wekA BEd 9% tas Edadt FzA
@A 7Fo] Aol we A dads A4
T %] i 5S4 4 A+

ojgh o] Szt R WPEE AALE A
Ao} wet $2i7t 93 S wA e Adsa R
Afol F2 AAete] Aabdmel A8 o) 4
Aol ol dtaAe ¢hretd, 3L 9ol
Az AAN AAFHA AZe] AHsrld] F& &
A% ZAS L oluled Aozl T/ Fo2A
gy f-gA4e] FHEde

h=)

o

-‘.’L‘ rlo & r[o

o

oF
4

2

ERs $39 50:50 08 EF3H] 30°C o] 4]
FAAw 2] & fecal streptococci 7} o]
3Lk o] & lactobacilli 7} wgo Fo& J43f
79 %ol L. acidophilus, L. fermenti <}t
delbrueckii 7v g7 AAdtg et HanA4gF 3
‘T.i'oﬂ A% Yoz st pHAF 42744
&5t ev, E. coli 8 AR} 1~2 ko] A3
5] = ¢ S&OUE o FE uAEY A% dA=
AZE 4+ 9 AR =R S0 FE
o AR HFEY B AHZ iAFozA
En7k A& 3o AgstA Ha &3] o g

r‘b?‘iﬂ o n



A& AR 48T P ISFosA AE
2o el ol FATY AAEEE £
E2e 4284 + 98¢ 2T doh

anEs

1) W.B. Anthony:Proc. Conf. on Animal Waste
Management, Cornell Univ., Ithaca, N.Y.,
105 (1969)

2) W.B. Anthony:J. Anim. Sci., 30(2), 274
(1970).

8) W.B. Anthony:J. Amim, Sci., 32(4), 799
(1971).

4) R.C. Albin: J. Anim. Sci.,
(1971).

5) W.B. Anthony: Proceedings National Symj);
osium on Animal Waste Management, May
5,6 and 7, (1966). 1-11, Published by Am-
erican Society of Agricultural Engineers, St

32(4), 803

Joseph, Michigan.

6) J.H. Slonekaer, R. W. Jones, H.L. Griffin,
K. Eskins, B.S. Bucher, and G.E. Inglett:
Symposium: Processing Agricultural and Mu-
nicipal Wastes, Published by Avi Publishing
Co., Box 831, Westport, Conn, 13 (1973).

7) W.B.- Anthony: Pagper Read at Seminars in
Verona, Italy., 1 (1975).

8) A.N. Bhattaacharya and J.C. Taylor: J.
Anim. Sci. 41(5), 1438 (1975).

g) R.A. Rhodes and W.L. Orton: Amer. Soc.
Agri, Eng. St. Joseph. Michigan. 18(4),
728 (1975).

10) G.R. Hrubant, R.V. Daugherty and R.A.

Rhodes: Appl. Microbiol., 24(3),378 (1972).

11) R.A. Rhodes and G.R. Hrubant: Appl. M
icrobiol., 24(3), 369 (1972).

12) G.R. Hrubant: Appl. Microbiol., 26(4), 51
2 (1973).

13) B.A. Weiner and R, A. Rhodes: Appl. Mi-
crobiol., 28(3), 448 (1974).

14) G.R. Hrubant: Appl. Microbiol., 30(1),113
(1975).

15) E.F. Knight, T.A. McCaskey and W.B.

Anthony: J. Dairy. Sci., 60(3), 416 (19%).
16) FAMBBLEBERSR  BRAEL8 (L) &
A/EBIE) 117 (1975).

17) BAGLEER  HENEE, ERGFEHED

669 (1965).

18) Horwitz W.: Offical Methods of Analysis of
the AOAC, 12th Edition, P.197 (1975).

19) FABBCERREE  RREELEL) @
AHIE) 71(1975).

20) C.S. Pederson and M. N. Albury: New York
State Agricultural Experiment Station, Gen-
eva, Cornell Univ. Bulletin Ne. 824 (1969).

91) W.W. Overcast and D.J. Weakly: J. Milk
and Food Technol., 32, 342 (1969).

22) BBL Manual of Products and Laboratory
Procedures 5th edition. (1973).

23) J.V. Mayeux and A.R. Colmer: J. Bact.,
81, 1009 (1961).

of) F.S. Thatcher and D.S. Clark: Microorgani
sms in Food: 1. Their significance and met-
hods of enumeration. Univ. of Toronto Press.
p- 83 (1975).

25) Sharpe, M.E., T.F. Fryer, and D.G. Smith:
(1966). Identification of the Lactic Acid Bact-
eria, In identification Methods for Microbio-
logists (ed. by B.M. Gibbs and F. A. Skin-
ner), pp.65, Academic Press. Inc.

26) XFAE © B AR, 24(6),261 (1969).

27) H.W. Harpster:T. A. Long, C.M. Lalonde
and W.W. Saylor:J. Amin. Sci., 41, 240
(1975).

2¢) B.W. Harmon, J.P. Fontenot and K.E.
Webb: J. Anim. Sci., 40, 144 (1975).

29) T.A. Mc Caskey and W.B. Anthony: Hea-
lth Aspects of Feeding Animal Waste Conse-
rved in Silage. Alabama. Agri. Exp. Sta,
Auburn, Alabama. 36830

30) M. K. Woolford: Herbage Absir., 42, 105
(1972).

31) JLEHRKE : SUMB oW, HIARMIKE 116
(1969).

39) HAKET : LB LAY, 10(3), 175 (1972).



