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Changes in Inorganic Nitrogen and Sulfate in Porcine Intestinal Contents
Resulting from In Vitro Inoculation of Nocardia nitrificans and
Thiobacillus denitrificans —Note—

Suicekr Kopavasui,* Mitsuniko INamoro, HARUKO YAHAGI, YUKARI NAKANO, and YASUTAKA
KaRriaTsuMart (School of Agriculture, Meiji University, 1-1-1 Higashimita, Tama-ku, Kawasaki 214)
Seibutsu-kogaku 73: 497-502, 1995.

Digestion/degradation characteristics of porcine intestinal contents and feces inoculated with
nitrifying and sulfur bacteria were investigated. Media of contents from the jejunum/ileum, caecum,
colon and rectum of 2 Yucatan Microhogs were inoculated with strain cultures of Nocardia nitrificans
JCM 4134 and Thiobacillus denitrificans JCM 3869. The former cultures were incubated in a station-
ary manner (28=1°C, 5 d), and the latter under anaerobic conditions (28 1°C, 28 d). N. nitrificans
had no effect on substrate degradation. Inoculation with 7. denitrificans caused decreases in T-N,
NO;-N and NH-N, and a decrease in SO~ in the early stage, in the jejunum/ileum medium. A
small decrease in NO3-N and an increase in SO,2~ were observed in the colon medium.
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FEEDIL, 72 EENCERET2EEME OV,
NS 7TV TEEOREL, ThHEPRRHE
b« DT HHEXHE L. ZOHEYERIED
Bffi LTHIT5 I, 1) 72BARTFEEAYE
¥HRBHEIL - 9BETH 27 ) TORE, 2) B
FEHERYEEILBEFO 7 s BRFEXBE~D
HEAR, 3) AKEBEETFHRAXBEXEETHH44
REEDER, D=orNELIhD.

AHEL, LREERTEHEOSE-BHEL LT, 7
A BENBRFELYEY YRR ML - 9B T 544
NEE - BOBRBEOIDICER L. RBAEE - b
DETEL, BEHOoMBERE I cESE, FRMEME
THAAZ— b EREILL, WLEEEXE T2 7707
Nocardia nitrificans (JCM No. 4134) & @B ME
Thh, HEEE - PHETEE LHERR X OBE
ER%®ET 5325 Y 7 Thickacillus denitrificans (JCM
No. 3869) & F\ e -1 5B Lic 7" 2 BB
Yo N. nitrificans % 58 LIcB S D BEBREZOT LD
BRA®RETHE LD, RAURBYEHIC T denitri-
fioans TEBBELICEE, REOERAVBRE OO TE
DRERZH|ETS.

HRAEBWL, =hxv~1 77 2BEE (BEF
v NRYA—GHEE) 2B Y, BRAKYBYTER
BEBARE L BRUEKSEEM 1.2x2.0m)
BEL, =4» i BERARAGHEES IOV _BRESHE
Z2:1DEAETREALALLDY, 1B1EDLD
1.5kg 185 LTHRE L.

PR, %8 » AREBL, TD3 » ARE
BL (BREHMEAE 62.0kg, 63.5kg), ELNIC LR
ExaplL, 2k, 8B, Bk I0EBRBCSFT
BB R I L.

FERAEKL, WTh i BLERETBREYREER
BLOEA L. N nitrificans No. 4134 (3, BEFEAH
B A (KEKCER=+ 2 20g, FU 7tV 5.0g,
BT 7 v 5.0g, X 15.0g ik, 17 &L,
ASHE, pH7.3) OFREMCEKRL, 3~4HM
DIFTHEET CHE—ar = - BROVER I Lok, E
REBRWCICEREACERL, 28£1°C TS5 A
MIMERELL. ChiMRERL, BE3 %KDY
D RBAEEEKSE L. XERKIZ, (2.420.8)x
10 cfu/ml DEBHEHF L. T. denitrificans No. 3869
X, BRAAREMB (FHP Kk KHPO, 1.8g,
NaHPO, 1.2 g, (NH,);80, 0.1 g, KNO; 5.0 g, MgSO,
7H,O 0.1g, FeCls-6H,0 30.0mg, MnSO;-4~5H,0

30.0 mg, CaCly-2H,0O 40.0 mg, NaHCO; 0.5¢, X
15.0g 3 X 0810% NapS,05 WK 100ml % T 11
EL, RREHE, pH7.0) OFHREICREREEL,
28+1°C THR Y +— N T2~3BRIEEL, B—
2 r = AR IhE, BEREBROCICASHT
BizHfEL, 28+1°C T4 BREHKEE L. Thy
MAREER U, BT fER LTS 348 LT 1 8BRS
BLCLOYABRBERERLE Lc. chbOfigss
BiIv—-F.—-7EDRHM 7. T denitrificans ¥
BEKI, (9.6£1.8)xX10%ml DERYEH L.

B - oRER, FTELE, BB &8 BB
DABYE LOBHEDOE 40g 75 X2k,
IECFER, 458 (BER) ORBEEZ KT InZ,
REEE Lic. ZOFFRK S5ml ¥ 30 ml BRBE0
ARHEL, 5 BISEKIT N nitrificans B 1 ml %0
Z, fEOISEIIRBE L, 28£1°C THEZE L.
B LTHBCBEATHFREYRARL, —hvyR
BRENXKCSEL, 5b15EKK T denitrificans IR %
hx, MoI5FIEE L, 28+1°C CTHE T °K
EL7.

BRI ERIR L e &880 pH BB, 75 28
B pH 2 —x— (EH, F-11) 28 L. SRk
FREB LT T-N 12, Kjeldahl iz X h EF/LE
WhoBET AN VUTERL, BHTE7v2=7
#2.0%+ VEBBHRCBRIRL, “h# /200N FiET
TWEL TR, NH-N i, b~ % v v o T
WD pH % HRHE, T-N JIER:ABCEIE LTl
FE L7, NOs-N (X, NHe-N BHKRT % OB s
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sk, BINMENFETS L E NO-N L —HIBIE
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BDTURLE. BEER (SO2) oRIE I, HEKD pH
BT VE=TKEFER TEORMBIC R, B
VU ABEE I e b TS OBYKRES (B
AL, U-1100) Z A\, 485nm THIE L TR 7.

N. nitrificans JCM 4134 BRIC L& 2 EF S8 D WL
DR E T, DBILE T 2 BAEYEE I X Uk
HERHIC N, nitrificans JCM 4134 RE A EREHIE L
7RO pH L EEESEFROERN LB LT
Table 1| WiRT. BRAEHEEM A N. nitrificans B
PEELAER NBRIEE L, 72REE#E T-N
DER I ->7H, NH-N ZEERX co£ <,
NO:-N 3EFELH DL, HeSEt@mEcsSThs.
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Table 1.
JCM 4134 and not inoculated.

Inorganic nitrogen remaining and pH in porcine intestinal contents inoculated with Nocardia nitrificans

Incubation Jejunum/ileum Caecum Colon Rectum Feces
time Analysis
(h) Cont. Inoc. Cont. Inoc. Cont. Inoc. Cont. Inoc. Cont. Inoc.
pH 6.3 6.3 5.6 5.7 5.6 5.8 6.4 6.5 6.6 6.6
0 NH,-N*  3.9+0.2 3.8+£0.2 4.4*03 4.4*02 25+03 2.6+0.2 4.0+£0.2 4.0£0.3 30.1*+1.8 30.0£2.1
NO;-N®  6.2+0.3 6.4+0.4 1.8+0.1 1.9%£0.2 1.9+0.1 2.0+0.2 6.0%04 6.1£0.3 8.0£0.5 8.0+0.4
pH 4.8 4.8 4.0 4.2 4.4 4.5 6.3 6.2 6.6 6.4
24 NH,-N — — — — - — 5.0£0.3 7.6£04 — —
NOs;-N — — —_ — - —_ 8.0+0.4 8.2%x0.1 - —_
pH 4.8 4.8 4.0 4.1 4.4 4.5 6.5 6.3 6.6 6.4
48 NH¢-N  69.8+3.2 61.0+2.8 5.1+0.2 6.5+0.4 85+0.3 11.0+0.7 5.1%£0.2 9.0+0.5 27.2%£1.2 30.1+1.7
NO;-N  4.3%+0.1 4.9+0.2 4.6%0.3 6.5+0.3 6.0+£05 52+0.3 8.5+0.4 10.4+0.5 12.1£0.8 15.0+0.4
pH 4.8 4.8 4.2 4.3 47 4.7 6.7 6.5 6.7 6.5
72 NHN - — — - —_ — 5.6+£0.5 9.8£0.6 — -
NO;-N — — — — — — 9.0£0.4 10.2+0.7 — -
pH 4.5 4.5 4.2 4.5 5.3 5.3 6.6 6.6 6.9 7.1
120 NH-N  83.0%4.585.1%£3.9 11.1+0.6 12.1%0.7 10.9+0.7 12.0+0.5 5.4%0.2 9.8+0.5 32.2+1.4 33.1£1.0
NO;-N  4.6%0.2 2.3£0.1 4.0%0.2 2.5+0.2 57+0.6 3.8+0.3 7.1+0.2 8.5%+0.5 12.0+0.6 17.8%£1.0

2 Unit, (X 102 mg/l).
b Unit, ( X 10 mg/J).
Cont., control (not inoculated); Inoc., inoculated.

ZEEIBABTYOFRERIT, pH MURFREEICIIESCH
BT L. NH-N BPERTAEEML, ik
BOBBLUEONEYEH TORBRER L LBETS
2, ZEEBHE v BYRERORT ¢/ fER X
BT, HEIRK. NOsN BRI OEEEZ TR L
ey, MEDOERIITHETH . ERABYEH
TiX, & TH4REMBIC pH pSERHAIIETL, ¥
72 NHo-N 2\ER CHE L. BBASYEIL L,
pH DETIZ120BRBETFED, NH,-N 2 HEXT
BIE L, NOs»-N IEEX THE L. EBASYES
HMORFEFRIL, pH OF LIz E L, NH,-N 32455
BRI EEX THHE L, NO;-N (2t DIBALIZ N 2K45)
Mh&L, 8RB mE TN Lich, FhUBi
BA e U, BEHESS T, pH MMM TR D
D, MEEETHEELEND NH-N BEb»TH
RSP BES LOFKEMEORENE 2 bhi.
BEEPMEF KT S NO;-N OBATER, &5,
EBEOE&ABYWEC A LN, ZHXEEEC X5
ZFXIERY, BRASYHCBETL 2Rk 7 I vy s
D=tr Y LEYWOERIERERIND. LarL,
NO;-N OB ETH b, FEECIX X hFMRA

BRYETS.

T. denitrificans JCM 3869 = L 5 ZEE/LEWE L U
KLEHWoWHIl - 4B Tik, BHEAREHBE T
denitrificans JCM 3869 BROBEW & & L8, 28H
MoOREREPCEBEX TX NHe-N 5% 20mg/l 25
10 mg/l 12, NOs-N %% 0.9mg/l 7»% 0.5mg/l &, T-N
DS 47 mg/l 235 29 mg/l WIRA Lic. SO2~ iR UYL
28AFIC 2.2mM 225 2.0mM ER L. 2B LA
T2 BREYE R OB EE T T denitrificans
JCM 3869 HRu EREHETE L cE KD pH OREFEL
% ¥ LT Table 2 I&7R”7. Fig. | KRZERBANBYE:
HOUZ T. denitrificans MR X EE L, BKIEELLER
rt. ¥, RBREK T T-N 2 Bo0 B Lic
(P<0.05). NH-N (IBXT7 BRIELIHEML
7o, BEEX T NH,-N 2ME<L 78 5> TV A D, NOs-N
~OBLEEE L BHER S L OBEERK X 5 EMbA
Z2bhbh, FREBRYCERT ADEEC L 5
RrETSH. SO2 1, NBXT21HREHEmML,
BRMEERC LI D7 3 7 Bh o OBRROETIHE
Shicors L, BEK T 7 ~4BERIZKELBY
Lic. ZOBADH T. denitrificans @ & 5 RLIERR X
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Table 2.

pH changes in porcine intestinal con-

tents inoculated with Thiobacillus denitrificans

JCM 3869 and not inoculated.

Incubation
Intestine time 0 7 14 21 28
(d)

Jejunum/ileum Cont. 6.4 42 40 43 4.3
Inoc. 6.4 6.2 43 43 4.3

Caecum Cont. 53 4.2 40 4.2 4.2
Inoc. 5.4 4.5 43 45 4.5

Colon Cont. 55 4.7 43 44 44
Inoc. 55 4.9 4.9 4.7 4.7

Rectum Cont. 6.3 6.0 6.0 57 5.9
Inoc. 6.4 6.3 63 6.2 6.3

Feces Cont. 6.8 6.0 60 6.3 6.2
Inoc. 6.8 6.1 6.4 6.4 6.4

Cont., control (not inoculated); Inoc., inoculated.
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Fig. 1. Inorganic nitrogen and sulfate remaining in

jejunum/ileum media inoculated with T. denitrificans
JCM 3869 (B) and not inoculated (A). Symbols:
®—, T-N; x—, NH,-N; #—, NO;-N; o—, SO,2~
in medium not inoculated (A). O---, T-N; X--,
NH4'N; D"', NO3—N; A“‘, 8042—
inoculated (B).

in medium

m a5 ma/l mg/l

BOﬂ 8| 80|
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T
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Incubation time (d)

Fig. 2. Inorganic nitrogen and sulfate remaining in
caecum media inoculated with 7. denitrificans JCM
3869 (B) and not inoculated (A). Symbols are the
same as in Fig. 1.

BRI ZERMNILD -7, NH-N IHEXTHHE L.

NOs-N (1 EBEXK TP BB -7. SO T
denitrificans DMBFRIEAC LB EELZBRNDH, O
BREOEL (BEEEDORESR) »bXOEEIMER
LicDOTHAS. SOL (LR HEMERC T Ttz oB
ABYEEHICHEANKELBA L TR, ZRBTOL
DRWHHEE I hic. BERPR SO»2 (LK THIE
L. pH iR ABXTET L. Fig. 3 KIizEE
NEYTOEERERELYTT. T-N ibTHroEdt
ARLIc T E A, BEEXIZKITS SO~ OHhn
PEETHY, FLBAED NO»-N HMEMIZH - 7.

NH,-N (328 L. SRRy B L CEEBC LS

mM *mimg/l mg/l
100 | 101 100 ] /A"'——A"'_‘A
80

F

£

: z

a0 I

? g
20
0

0 7 14 21 28
Incubation time (d)
Fig. 3. Inorganic nitrogen and sulfate remaining in

colon media inoculated with 7. denitrificans JCM
3869 (B) and not inoculated (A). Symbols are the
same as in Fig. 1.
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m g ma/l mg/l
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Incubation time (d)
Fig. 4. Inorganic nitrogen and sulfate remaining in

rectum media inoculated with 7. denitrificans JCM
3869 (B) and not inoculated (A). Symbols are the
same as in Fig. 1.

BB 7 I VEROETHE L DR BM, ZZ Tk
BB H TS T, denitrificans 2 X 55
EBHILLREEODH -2 ENHEI NS, pH 3F
FETF L7c. Fig. 4 CREBABY COERBR YT
+. BARICET SO2~ DFELW#EME NH,-N Of
BiclmrAbhic. - TEAR hERcES
5ETH5HEOLE I LAEL LRSS, pH OB LD
Thote. BEHERM TORERERETIL, T-N Ob
ThicEd, BEDHPTO NOs-N O, LIV
NH,-N OB L ansb -7, BXOBICER
BED LRI -7, pH OFLIIBM/INTH - .
IhETR [P 154 272R] & LTTTRA
MRIREE, 19 FLIREREE, 0 ¥ 7 4 X AR, O RER
ERTER=7 P IAEEL, BREEOHEF, T
FIBHIE, RERERECHREDOD D Z EHRESNT
WA, ChHOME - BREFEILT LI ZAEEDOR
HEEE TV, £ARe rREBMOLEGHNICER
T25L0THDH, BY~OBHFEOREC IV THh
SORIEEELRECTE ST, BHEDRYFT
5. AFETHREE LIHBEIAETNIE LR
T3530THY, “hbOBEGOENEER X 5BEXN
TOESHFRFIRELEZEZ DR S.
BRMEECRE LT, v TR BBl
EERLEL LTEEOKRERE AN ET b, EBL

[% = Bacteroidaceae, Bifidobacterium, Eubacterium, Clos-
tridium, Peptococcaceae 7o & D RMEME D% 705
EDBREINT VL2,V B ORI & DM
BT MEIA BB T, e P ERRD
—i B B LU IR L MIEEC HERE , 2
EEcbe rOBE LIS OMEIRE IS
(10%/ml). 2 7 &£ T%, ZZEIFI B TAHAZTBEHEL
Ric L 0L AR, MBI 5L 2EIER
REREERLTWHZ ENTFRZIND. i, ZOE
EIFSED B\ LR RREME R LE SRS
TdH5H T &DY, Lactobacillus, Streptococcus, Enterobac-
teriaceae T F DA R LI HEINS.

7 2 Z2LIBBEEHIC T, denitrificans % 848 L KIS
BLBWT, R CTHESh NH, DERHILE
BLE SO2- OGN, EBABYERTOR
[EEEORBRCIBEILT, 72 THLHEBOESD
XhAHHH, EEFEELE LTHEYHEL - SRcE
BEBOBDH LB DOND. AEBRTH NHq-N
B IV SO DER - BRESWTZEER LEB T
IBIRETCER D Y, METREEE LMOME LD
BEARCDEELZLRBZ Eovb, SO2~ O4
BRICOERDOBEMVHEEINS.

aem7 I /B
(RO WHLEER)
HSO;~ — HE#&
(BRERML)
| (BBEOBERMA * > 4 —¥)
SO2~

N. nitrificans 7 BE0E LICHBEEER B XU T denitrificans
YERELCHKEEOV-THhEEWTH, HBXD
pH »EBASY, BBEREY, EBRNBTYOIRTHE
BERSELTELOEBILTR, RUThTini T
EER (BRY) L, KB TEHABTTHE,
HLBEROFEIMET & & it 5 BRI DA A3
HEE Xz, Mitsuoka et al. (1976) L KB TR 31T
HRVEEBRELYHRE L TR, 0 BAKEYORE
HIRmBROBTHEEELLNRS. D)

BATHEIL - 2BINBEEYEYSUTELSFILE
iz, ELVPBRENLLRIBIN, —FILEREEY
WXoTFIEShDEEZELLOND I, BHHECE X
hHERMERIBO DI, BBRRTEITOIR
LOWEOHRIPEEL LS. MRUEMECFIAYE
2% & &, OME &L DOBRE DD I WEEBRAL TIE
RAXe200EBHEELLRD Y, BBME THOM
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denitrificans R OER T, HEBEASYEHB o
BRHRI LI LRDORTE D, FELAR
DHET7 2 ZEEBH B\ IIFREBA TER - HIERES
DHBHLDEIHLIBRT LI L, SROBEL I
5.

L2 #

7 A B ECEET A ERMEOBATOHEIL - &
BrRET 20 EBER L L T, Noardia
nitrificans 33 X OF Thiobacillus denitrificans 2 X % 7 2 JBA
B3 LOEOEL - H LR~

HEE B & LT N. nitrificans JCM 413¢ B X O T.
denitrificans JCM 3869 X B\ . =2 h A v =7 n
sHK (0) oZ=EEE, BB, &8, ERk OB
FEXHEIRL, ZhbOBABTYREHICS L h Lol
L FERERRYEE L, 4345k BE, 28+1°C
<5 AME, 3869FKIZER T, 28+1°C T28HMKEHE
L. pH OE{bis 5B EBET 5 T-N, NH,-N,
NOs-N #HIE L, BHEI 2Tk SO2- dRIE LK.

FOFER, N. nitrificans JCM 4134 BREEREIZ 3\~ C
i, WThoBEE B\ T EEEX L OZRITED
bRz otc. TRHIEH LT T. denitrificans JCM 3869
BB RVTUL, EZRBABYEEH T T-N O,
NH,-N DO3EH#IN, NOs;-N DA, SO2~ DD
PHBHY, FEOHEMELBREROETHHEE IR,
EBEM T NOs-N 2 L. #HE#m T
NO;-N D#E & SO~ DL D - 7. Bkt
IUBHEER T, EBEEX L OEEXTEDHOITT
ol BE, BREEERCB\C, 2B, 5B,
BB TpH DETED -7, HEE X IERIT
Hhhith ot
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