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21.30% 48.81% 1 76.05% %5 3 K, 15 X LR 4E R WG MR AL #EVE 78 4—30 d, A3 A4 b FXS £ 4k R B 1% A 4 AR A .
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Effect of Oxytetraeyeline (OTC) on the activities of enzyme and microbial

community metabolic profiles in composting
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1 College of Sciences, Northwest Agriculture and Forestry University, Yangling 712100, China
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Abstract: An outdoor experiment was conducted to study the effect of oxytetraeyeline addition on composting temperature ,
seed germination index, ratio of carbon to nitrogen, cellulose, urease, catalase and microbial community metabolism during
composting of pig manure mixed with wheat straw. The results showed that composting temperature was reached to 50 °C in
the second day of composting and lasted for 5 days on treatment without addition of oxytetraeyeline ( Control check,CK) ,
which could meet the need of the requirement of harmlessness. The composting temperature was above 51.0 °C in the fourth
day of composting with addition of 35 mg/kg oxytetracycline (Al treatment) , and the high temperature period maintained
for 1 day. The temperature was above 50 °C in the third day of composting where 70 mg/kg oxytetracycline was added (A2

treatment ) , and the high temperature period only hold on for 2 days. The temperature could not reach to 50 °C over the
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whole time of composting on both A3 and A4 treatments where 105 mg/kg and 140 mg/kg of oxytetracycline were spiked
respectively. The germination indices ( GI) of seeds, which contained in the compost materials, were higher than 80% for
all treatments at the end of the composting. The C/N ratios for all treatments were decreased from an initial value of 34.50 to
16.64, 16.07, 19.48, 18.45 and 19.83, respectively, when composting completed. Activities of cellulose on treatments
those receiving oxytetracycline were inhibited by 60.30% , 21.30% , 48.81% and 76.05% , respectively, over CK treatment
in the first day of the composting, and they were increased in the third day. Nevertheless, activities of cellulase were
inhibited under A3 and A4 treatments compared with CK from day 4 to day 30. The activity of urease was increased by
addition of oxytetracycline in the first 3 days, since then on, it was decreased. The higher concentrations of oxytetracycline
(A3 and A4) had a significant inhibitory effect on activity of urease from day 18 to day 30. The catalase activity was
enhanced generally by the addition of oxytetraeyeline from day 1 to day 18 compared to CK, from then on it was decreased
over CK. The effect of oxytetracycline addition on microbial community metabolic profiles during composting was assayed
with Biolog ( ECO Microplate) method. The results showed that AWCD ( Average Well Color Development) values of CK
treatment were the highest after 60 h incubation during temperature raising period of the compost. The highest AWCD values
were observed on A2 treatment during the high temperature period. AWCD values under CK were greater than other
treatments over cooling period. Shannon index results suggested that the oxytetracycline addition could reduce the functional
diversity of microbial communities in the initial stage of the composting, in contrast, it could increase the functional
diversity of microbial communities at other stages of composting. The carbon source utilization data showed that the addition

of 140 mg/kg of oxytetracycline could significantly change the types of carbon sources used by microorganisms.
Key Words: oxytetraeyeline; composting; enzymatic activities; microbial community
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( Oxytetracycline, OTC) , P4 35 % ( Teracycline, TC) F14: % & ( Chloroteracyline, CTC), 2y & Pi 2 B &1
57% . BRRTE BT AE SRR 32 A FERES R, R R IR SHER TSRS 9.09.5. 22 .3.57
mg/kg P BRI S BTE 1.05—134.75 mg/kg, A TKEIE 2 KRN 97 U FE 12 FO0HE L i o
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C/N(BRAEEL) Sy 34.50, IR T S KRE 65% ) G B EAL) 1.5 m, 54 Im RS M, L5615
5 AR ARPEIRBIEXS 7 A T AR KBRS H R RS E I E SR (TR RN S
7E 1.05—134.75 mg/kg) "™ BRI+ B R M E (BT EALH) 40T .0 mg/kg (XA CK) |
35 mg/kg (A1) 70 mg/kg(A2) 105 mg/kg (A3) 140 mg/kg (A4), 70 T4 1.3.5.8. 11,18 Fl 30 KAEHE
TR Z RUORARFENN TR A) 4 CCUKFEVR ML, 1T HERHREI VA A P 7 A A I A

F1 HEEETRAEMBERMER (BT

Table 1 Physical and chemical properties of raw materials for composting ( oven-dried base)

R b 3 Eo) S sl A Lk +EHE
M Eti, | Total C Total N Total P Total K Ratio of carbon Oxytetracycline
2Tl
atena /(g/kg) /(g/kg) /(g/kg) /(g/kg) to nitrogen(C/N)  (OTC)/(mg/kg)
¥ 3% Pig manure 393.12 23.20 12.31 14.70 16.94 9.80
FEFF Wheat straw 408.70 6.11 1.32 22.50 66.89 0

1.3 T HWE S5k
1.3.1  MEAC LR v gl B A%

K 10:00,17:00 5 HEALHLE , TN HEARSR A 3 NREETE, DAL T 27 PRI (9 S4B S 2 R A
LI
1.3.2 B R 4850 E

FES SR KIE 1010 HBIFE RS, B 10 mL 38 LA 3 000 r/min 5.0 10 min, WHL S mL _EiERTHiH
TEACAY B FR I IR 10 K7 I Rl HZRIBKE XTI 25 C RIS FE5 32 5 d, IHRF PR & 265,
ISR R AT AR . AR T A TR T & 25850 (6T )

= IR R ZFR x B PR
X BT 5 2EHS R x N HRREFP AR K ©

1.3.3  HEAE LR o S 2 0

R PRI 52 2 BEOCAR A I skt 0 R 8 A 2 i D R AE 27 4 R TG, 500 K mg G40 - ¢ d !
PR IE Y A R LSRR IR TS M B mg NH,-N-g™d ™' 367, I 5E i B A0 1 T #E 1 LA AE 1 4R
fb ST, B0 0.001mol/L KMnO, g™+ 20min™") 7R,
1.3.4  HENEAS[R]SHIATLAE YA 7 D R A 1 D

AR I MR I DI RE AR MR T Biolog A= M AR I 22 . HARERAEALIRANTS . 43 HIAES 1 K (FHR
) B 5 R Omildd]) BB 11 K (BRI 98 A BRHEAE T 2 OB TIR-B TR I 5 g HENEHES (T HIHE) |
IMAZER 45 mL JCE A BRER /KA = AP, 160 o/min 235 1 h, #8205 BCETE 86 L 0.85% Sk
TR AR R 10745, R TAES b M ECEY BT ECO P, 4L 150 wL, Kb
1) ECO Mk AR MG BT 28C AR h G 3%, LR35 240 h, & 12 h #£ ELISA ( Enzyme-linked Immun-
osorbent Assay , BB G2 W BRI A2 ) ST HRSEA 2 13— IR IR AEEE
1.4 Hakbi

SRR LA AL R (AWCD) IH AR AWCD = Y, (€, - R) /31,3, Ci 45 IS FLTE 590 nm
N EDEE AR R O ECO MUdt BEAL A1 DB (R ; €, -R /N TFERMAL, T HIC A% Bl €,-R = 0, 1R 96
h 19 ECO M2 IS4 52, X LA AT B W RE VS Z B A0 07, S E W0 BE % Shannon $88U(H) . H =— Y\ P, x
InP,,XH P, =(C, -R)/ Y, (C, - R) ,F/RARIEIFLGHIRFL Al MOCR Rz 22 5B HE 22/ HAE

BARGEH3rRHH Excel (V 2003) SPSS(16.0) #KF5ERT,
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2 HER55H
2.1 ARG R PR B ARk

IR 11 o P2 A M M L ) DGO AR A R 549 T 5 A A AR ) B - 7E S0—55 °C AR5
5—7 d( 5K 55 CHMATFIAEE 3 d Phb) TR KR IRHAEY , S F b, B3 2 aT I, CK Ab3ENNAESE 2 K
ETFHE] 50.7 °C L5 4 RENAFRGEEE 52.7 C @SR T 5 d, 58 T RFEILAEFEAY TSR, A1 AbHEE 4 K
FH#) 51.0 °C HAXHERF T 1d, A2 AbBREE 3 KTH3 50 °C L E S i 52.0 °C HBITESE 4 K|, B AN ZEdrad,
A3 KhFR IR AR AN AR R R IR E 50 °C  fe iR 47.2 C HBITESS 4 K, A4 FRAIREE WA —Kik
) 50 C, 25 KRZJG, &AL BRA M 25 5K, X AT gt T 7E 10 + 8 2 RS0 S A= 1, 2 0 Bl
77 B S R A HESE BRI e AR PR AR SR R B MR, BRI & B 1E K

x2 HESEREENTL

Table 2 Variations of temperature during the composting process

fbg F| 50°C it i ] Tl R AT T]/d IR TR e e e FE 1 s )/
The time need for Heating rate The duration of the Highest Time of the highest
Treatment X
up to 50 C/h /(°C/ h) high temperature temperature/ “C temperature
CK 48 1.06 2—6 52.74%0.25a EREPS
Al 9 0.53 EUEPS 51.00+0.50¢ EUEPS
A2 72 0.71 3—4 52.00+0.50b EX N
A3 - - - 47.20£0.41e EIEPS
A4 - - 49.20+0.21d %o R

BUE N T IE AR HEZE (mean£SD) , n=6; [F]—FI G TR R FRE R A HI 0] 25 5 8 3 (P<0.05) s —: RABIAEIFRIE

2.2 HERRJE GG bR

Fh— % ZEH850 (G BN R 2 B UR e PTE AUMENE S A B PP de A . — B, 2 GT KT 80% K, sk 7T
DAFIWTHENRIE Y 3k 3 Al UL, ZE AR SE At A3 T A4 A0 BR ) Foh 142 ZF 465 B0 52 78.48% F1 70. 68%
FEA R FR AR B S X HE A B B R s, CK B pH B f i, o8 8.78, A4 b3 pH (B AR,
4 8.56, CK A1 A2 A3 Fil A4 b3 C/N HAIEARY 34.50 35K 16. 64 .16.07 .19.48 [ 18.45 F1 19. 83, i),
W2t HERE AL B (75 C/N FRE,

x3 HEREHIER

Table 3 Compost maturity indicators

b REFEE(CD) /%
L C/N pH

Treatment Germination index
CK 89.47+0.13a 16.64+1.12bc 8.78+0.04a
Al 90.23+2.57a 16.07+1.31c¢ 8.74+0.03a
A2 82.65+1.72b 19.48+1.39a 8.75+0.03a
A3 78.48+0.99¢ 18.45+1.06ab 8.71£0.07a
A4 70.68+1.82d 19.83+0.96a 8.56+0.04b

BUE NI (E AR UEZE (mean=SD) |, n =3 ; [a] —F il o R ] 751 36 R AL PR IE] 24 57 183 (P<0.05)

2.3 HENCHARIAS ) A 85 2 U 0] S 4 114 5 )

HE AR AR P TR AR AR B S SR U AT AR S R AR Y R A e R R B R ) A AR 28 5 5
S, SN A 53 WA B
2.3.1  HENC I FRLT 4k S RS AL

SUERMS SWMNTEIA . TR 4 F i, 04 ZBEIEPE RET R) 52 00 28, 7658 1 K, IR+ %5 R 4b 2
TYERFHEIE BT CK(P<0.05), A1 A2 A3 FI A4 4b B3 X £ 4 25 i 1% M 09 30 11 2243 51 h 60.30% |
21.30% ,48.81% F 76.05% ., i Hf (] i) AE 2L | £F 4 3 W MV B N, 30 A1 b3S CK BY£F 4k R s M
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TEHS 3 KA 5 REESA R PRI AR W A B2 19 - 85 20T o2 E ) o DA 21 4 25 Tl 140 33 AT 41 i £
ML ZJEH T ERRAWRER > SBRIAEREmA R, T A2 F A3 LFHH , L HRESLFAER
B PR RN LRSS 2%, vl R Hh T 5 S AL IS 8] A SeE 4, b % 2R 40 e A 1 B0 358 P 45 1 DA o 5 0 T i —
POMERE DR TEMEIE R L A4 ACBRIO AR A R TR MRS 3 KRG T— MIRI/KF, vT 2 /i -+
B R WTEIEME 140 mg/kg %5 AL BRG REAS S0 21 2 SR W 00 B WA B IR

R4 HRIBHFEREEETN/ (mg B4 -g7-d7")

Table 4 Variations of cellulase during the composting process

SO EAN ERN H5KR ERDN EBIPS 5518 K %530 K
Treatment First day Third day 5™ day 8" day 1™ day 18th day 30™ day
CK 6.71=1.01 a 7.0721.04 ¢ 16.46+2.50 a 11.46£2.23 a 15.87+0.94 a 24.3321.22 a 20.00+1.58 a
Al 2.68+0.51 ¢ 8.67£1.13 be 15.87+1.27 ab  13.86x1.32 b 13.91£0.25 b 23.601.32 a 21.02+1.92 a
A2 4.67+0.9 b 10.24£1.05 b 14.9741.99 ab  11.29+1.29 a 13.71£0.46 b 27.45+2.24 a 19.85+0.44 a
A3 3.39:0.62 ¢ 10.17£0.6 b 13.4220.72 b 11.8420.44 a 15.54+1.23 a 15.96+1.30 b 15.75+0.73 b
A4 1.61£0.32 d 13.26+1.71 a 9.871.23 ¢ 10.88+1.27 a 10.070.46 ¢ 15.69+0.70 ¢ 10.31£2.37 ¢

BUE NI (E AR UEZE (mean=SD) |, n =3 ; [a] —F s oA ] 251 36 R Ab BRE] 22 57 8.3 (P<0.05)

2.3.2  HERE I AR RS R AR 1L

IR S5 A A S iR 5 Rl UL IREREG M b e 1] 2 XU i 26 A5k, (0 A3 AT A4 A BRARfE AN
Wk, DR DR AT R R HEAE A A R s A AL 5 i s SRR R TR U A W A A RN A G T S 2
B KM TR IRARREE L, Y B RS 2 B BT R, AT & B —E Y
Gk 30 P A o ORI AR Ak S TR AR AL A SO SE O R P Bl R 1 R, R LAY Bl A W R B SOOI
TG EER, FEME AR A5 18 KGR R — -G, Zoad A AL 5 (4 DUk 4 gt [ B (0—25 ) ), B AN A2 338 Al
TEPE TG,

MR LLE HFE 1—3 d I+ Z A BIREE M L CK &, X Sk lmest R —5 , RS+ & E
X — 26 LA 3 IR D BE M A E A T2 F VR (A RS R | Hhy 1 8 R ELA e s 2 4 s O e LA T e e
R  ARYE A T R, 5 2O S AE ) A 2 RIS T ) IR K T RN, EMERRAYEE 5 K, i
A B R b TP X0 3R B S e A, A PR B 25 S AN S 3 B ) (%) P R 5 v e B ARG o VA B 1 R 20T UK
TGP P ) 200 AR AT i ) DB 18 ORISR 30 RAIHI KA , A3 Fil A4 AbFRIREGIG ME S CK MHILE TREZE R
FK- AR R i B A F R MR P IR A S M AR R (P>0.05)  RXORH T HEAL S B,
B E N+ B RO RGEEEN, SR 0% AL, JET W IR A P e CK 2D

x5 MR EPIREEEMETZN/ (mg NH;-N-g-d™")

Table 5 Variations of urease during the composting process

Trﬁim EBPN ERPS ERPS 8K ERIPN EEPN %530 K
CK 4.64+1.21 b 8.75£0.27 a 31.32%6.51 a 11.46£2.23 a 15.87+0.94 a 24.33£1.22 a 20.00+1.58 a
Al 7.02+2.19 a 8.55+1.06 a 29.98+1.67 a 13.86+1.32 b 13.91£0.25 b 23.601.32 a 21.02+1.92 a
A2 5.21£0.38 ab  10.34%3.61 a 28.65+2.90 a 11.29£1.29 a 13.71£0.46 b 27.45+2.24 a 19.85+0.44 a
A3 7.24%1.16 a 20.73x5.7 b 27.81%2.83 a 11.840.44 a 15.54£1.23 a 15.96+1.30 b 15.75+0.73 b
A4 5.84x0.8 ab 10.16+3.01 a 28.28+4.89 a 10.88+1.27 a 10.070.46 ¢ 15.69+0.70 ¢ 10.31£2.37 ¢

BUE NI E AR UEZE (mean=SD) ,n=3; [F]—FIEE Hp AN [F] - 2 A FRR 2% 57 .38 ( P<0.05)

2.3.3  HMEAC AR A T PR A2 AL
i S A B M S A LT S i O, SRRt G thA 6 T FES 1 R R R A
R BHE VAT IS EHT AL A2 (A3 Ab3RYS CK 2257 .35 (P<0.05) , L DS AT A S — LR A W o 0 — i ok B 114
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T EBREFEEFMME 755500 2 1 E A U B o ViR B 85 2 0 A BRIV PR O aet R0 S s 1 = 2
B 7RO 5 B 2R A W P A A IE ROV AN AR FH TS i A4 Kb CK 2259 R B 3 B HEAE B[R] 19 SE 4% | +
FRIEAR RS A A, EHEIL S CK i AL S B E £ 75.00 mL 0.001mol/L KMnO,- g™
20min”", i & TH B AR (P<0.05) , J2& B THERF T A S A W00 24 4038 10 e 0 1ot , + 85 28 19 7 35 1 s
[Fl i + 85 R M FEARAVE | B B SR

*6 HEERERERUESENZEZL/ (mL 0.001mol/L KMnO, g " + 20min~")

Table 6 Variations of catalase during the composting process

Trﬁim ERBN ERPN HSK 98K 11K %18 K o530 K
CK 81.15+3.50c 114.3+2.40b 123.5+4.21b 127.94+6.71b 119.38+2.73¢ 142.54+2.99bc 75.0026.81a
Al 99.75+3.61a 110.3+2.32¢ 116.6+5.61c 121.41+7.50b 143.67+2.28a  129.96+1.32d 62.09+3.65hc
A2 91.37+2.72b 117.5£1.21b 138.0+4.30a 124.18+4.52b 124.02+1.89b  151.37+2.24 a 64.89+4.03b
A3 94.6+5.21ab 127.3£1.01a 117.0+1.78bc 129.03£6.24b 137.48+0.54a 135.85+1.48¢cd 56.65+2.26d
A4 83.79+3.98¢ 100.0+1.42d 122.0+2.08bc 141.00+3.18a 139.01+1.74a  143.07+3.89b 59.63+2.03cd

B A I AR 2E (mean+SD) ,n =3 [Al— B4 i AN i) 28 38R b B ] 22 57 8. 3% (P<0.05)

2.4 ENCHIE R R XA YRR DR 2 R R
2.4.1 ELISA “FHHIEE LA (AWCD)

AWCD S B MR BB IR ) 1 FH 3, AWCD (DB, W3R} b A W 1 T Aoy, B K™ A
1A UL FETHRS, CK A AWCD {E7ERE SR 60 h J5 R T Hofd b B, S B T 1 3R BE A8 PR AR A= i 1k

A
Average well color development

20

20 1

1.6

12

0.8

0.4

a JHEM

—Aa— Al
—a— A2
—0— A3
—=— A4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
B 1] Time/h

E1 FEMARELGEEHGHEELE AWCD EiEFRHEHEYL

Fig.1 AWCD changes with incubation time in different treatments during different periods
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FEfRRI , A2 AbBREY) AWCD [E7ERAN G SR fE T H B R AR, v e 2 RE A B ] 3G, SR8 25 7= A= it
PERREES 6 AWCD (B2 IE AR , TR 55 2 A 2 S VR I AWCD 7 A8 i s i 7 1 2 0 A
S+ B R G 2SR LB 70 me/kg B HERHW A W6 M dRe i . ZERRIRIN, CK () AWCD {H 4R 2402
1,76 AWCD {H8 TREZG (108 h ZJ5) , 18 R MW EEBS , AWCD {H 8%, RUIEHEIL )5 100, Bt
PECE P KO, 8 BT 1) 0% %% B Ase AR,

2.4.2 AR Z RSO

Shannon ZAEMEFEEFRRAEBI AR — SO0, B8R A D e V& R B IR 2R B i 2 5 /0 R
IHREZHFEED , Shannon ZFEPEFEROMK , & WX HERMMA: ) R AR BE L FEMEME . ANIKE R A Biolog fil
ARIEFE 96 h ARk AT A W TE DhBe Z FEPE 0 HT .

R 7 9 EFHEW CK A9 Shannon $8%U =, f1 A2 (A3 Fll A4 AbBR2E 5 I 3 (P<0.05) ; 76 = iR A2 4k
B Shannon $8 % = , 25 MO HLE A Shannon $8 482 7 A B3 (P>0.05) ; 7E IR A4 A FEAY Shannon $§
B, CK 1) Shannon S5 EUR ARG A4 15 CK 2192 5 B3 (P<0.05) , AT WLZEHEAR AR BRI BE  Hikh
5 2 A U MR G E N RE A B MR IR B I RE T (I RE S R, B I A | 85 Al
JnHERE A D RE VR M Th e 2 RE M TR PT RERAEE AL AT, £ & R BBE R AE — 2Ll W, A W V5 D e
ZREVEREAR Bl SR RIS [R] (4 S Bo e Sl W i B, R i A i I5 B T RE 2 R R v

R7T ARTERLEHERBENRENE S FERY

Table 7 Metabolic functional diversity of microbial community under different OTC treatments

I Period FEH Index CK Al A2 A3 A4

FHE A Raising temperature period H 3.39+0.02a 3.37+0.02ab 3.24+0.01¢ 3.12+0.07¢ 3.32+0.01b
= 4] High temperature period H 3.36+0.06a 3.37+0.01a 3.40+0.01a 3.38+0.02a 3.39+0.02a
[%549] Dropping temperature period H 3.32+£0.03a 3.34+0.02ab 3.34+0.01ab 3.34+0.01ab 3.36+0.00b

A I (AR HERE (mean=SD) ,n=3; [Al—ATH0d AR [F] 7 BE R AL 0 W) 22 57 (8.2 ( P<0.05)
2.4.3 EAUBEYIN 7S RSEBRIE A
R P00 S R BRI A A PR B0 S e T S E TR AT RS IE . AR 8 W LU i 7EHEAL Y 3
A HIIE] AR MY XRESE R IR IS R IAT A LB IR AR R TR D 3 3 28 e U TR 2R A ) S AR )

£8 ARMBARLTERLEERBEN 6 LixiFEKFIA/AWCD

Table 8 Utilization of six groups of carbon sources by composting microbe under different OTC treatments different period/AWCD

e 3 es mampe SROL o ZEO Lm i
Period Treatment Saccharides Amino acids acids compound class Polyphenols Polyamine
FHi CK 1.67+0.08a 0.97+0.06ab 1.05+0.07a 0.59+0.08a 0.41+0.02a 0.34+0.06a
Raising temperature Al 1.63+0.09a 1.01+0.13a 0.99+0.13a 0.60+0.04a 0.36+0.03a 0.29+0.04ab
period A2 1.14+0.07b 0.73+0.22¢d 0.79+0.07b 0.37+0.18b 0.27+0.08b 0.26+0.02b
A3 1.13+0.07b 0.49+0.22d 0.73+£0.07¢ 0.15+0.04c 0.28+0.08b 0.26+0.02b
A4 1.10+0.20b 0.75+0.08bc 0.83+0.12b 0.43+0.11ab 0.39+0.01a 0.36+0.04a
f=piae ] CK 1.87+0.03a 1.04+0.22a 1.14+0.06a 0.79+0.02a 0.46+0.05a 0.38+0.12a
High temperature Al 1.86+0.03a 1.04+0.10a 1.17£0.01a 0.67+0.03b 0.44+0.02a 0.39+0.04a
period A2 1.97+0.13a 1.15£0.12a 1.12+0.22a 0.78+0.04a 0.48+0.01a 0.41+0.04a
A3 1.98+0.11a 0.99+0.08a 1.12+0.13a 0.71£0.05b 0.45+0.02a 0.42+0.05a
A4 1.70+0.10b 0.97+0.11a 1.04+0.13a 0.66+0.03b 0.37+0.08b 0.39+0.04a
[GalrEy] CK 1.78+0.26a 1.14+0.03a 1.19+0.11a 0.81+0.08ab 0.23+0.02a 0.26+0.22a
Dropping temperature Al 1.54+0.14a 0.95+0.04bc 0.97+0.07b 0.77+0.01ab 0.25+0.12a 0.30+0.07a
period A2 1.59+0.09a 0.85+0.12¢ 0.93+0.08b 0.74+0.08b 0.17+0.03a 0.21+0.08a
A3 1.65+0.16a 0.95+0.01bc 0.86+0.05b 0.85+0.05a 0.19+0.01a 0.32+0.07a
A4 1.59+0.07a 1.00+0.04b 0.93+0.02b 0.81+0.02ab 0.20+0.01a 0.35+0.04a

BUE F - IIE bR 2E (mean=SD) ,n=3; [6]—F 4 b A [6) P hEF R AL FRIE]) 22 53 8.3 ( P<0.05)
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T, RERE B A (M W TR . FEFHEYT A2 A3 A A4 b B b AR it S R SR IE RIS CK A
22 5 3 (P<0.05) , K UIETHEII AN + 85 Z e B H it 35 mg/kg DL B, Skl b il 9 J0 38 2 2R AR
A R A AR Z 3 T BRI 7E SR, A LB A e 1 R A L LA b A
AN HEB AR K, AT RE R R et v 194 - B 2K M B3 G I 1 0 St A7 A T MRV, ZE R IR, A -
ZAbIH S CK X EEIR AR TR IS 1O FH 22 Sk B i 37K F (P<0.05) | A2 Ak 39 X 42 JiE 1% 1 ) P 2 e IR 11, A3
A BT R BRI R A AR 4, B et 85 2 I el A R M R TR IR A RE 1 72 T B e, A
WM R, AL AbIE R7E e IR0 2 BAL 4, KRR X S MR AR IR RIS CK 225 1% (P<0.05)
e AR B 10 - B 22 X e A QR 7 OS2 IR R A 5 A2 T A3 A FRE 25 TELIDI S S KRB IB B A F S CK AR EE
2 IR F KT | B HE IR A E K A2 FI A3 AbFRS CK SHRRIERI AR A B AR R HE
ARSI, Ad b R ARE F £ A 0 7S TR B ) ) — b T — AR A S | 2 W e vk 38 1 - 85 2 b 30
S e B T A 0 R PRS0 B ) 7 2 35 B R T
3 it

HENE AL — R FUREBVE F T BEAT 04 , STt rh 1 TS 52 B (M W G P26 IELRE | pHL (I 25 BREE DN 3%
AR TS S R RIS Yt IR W A v R R S T AR A R R A I
It 5 s ) T35 00, S0 T 5 TR 2, AR SCIFSE - 8 2 T S AT 32 1) 522 ) 2 O 1 B 25 R 08 o M ML 1 TR e
S — R R, 3 T B 7 M A 0] R 0T A R I A W R R BT, A A I O A AR £ 4
Boles' ™ ZERF 58 5 -8R 1 mg/kg 1A PUFRZE AT (5835400 o) 1 98 6 0 R B R G 1y 35 1, 0 RS 7 SR 32
B IR IOAITSE T % 20t St S Ab S T I IO 0 B T B B, R R 1 R,
100 mg/kg 475 2 4b PO TR EL A 535 B R0OVE ), DA 25 2 0] JUR IR 155 1A S S B S T e 495 4 Ak
WG BRI | W AR D0 U BRIV L AR SCROBE TR PERF ST 45 SR 30| 140 mg/kg 75 Z vk i b P i
85 X0t 2T 2 25 I 7 A I R4 D 5 6 R 5 M SR SR AR (1—3 ) A SRS 0 (18 d 2 )
JEIE R 2EMEAE Y 1—18 d %3 Sk SRS A AR VR SRR 39, 3 i A S A, A S
WG PERF IS S 5 R VR BRI SE 4 SRA R — B3t 77, F2 B AR T - 5 28 X R 175 1 6 % ), A K 36 B 5
SRR TR T B R VR BEIAE 105 mg/ kg IS DR P42 % 525 A0 0 40 P T R IR S 46 R 2 ) 300 1
B3 BV 1 AR R R AN 27 A S 3 S, T R R S AR Vs 6 7 O I R 355 v AT 4, 3R D Bh
R, Sy B R TR A8 (AR TRD S S A0 4/ 34 32 B S IS P S M

TR R A S R G PR B AR, XTSRS T B A Zut S M I B
45 5L A DU PR 20 P MR K, Dijek ™) S5 IF5 22 B RHAR 5] e 2 2600 1 AN /K BREE r R AR
LW LE KA I R, Biolog MOFAR 532 B T T 3R B AL W E T4 07 T 5 %) il I 5 Biolog
PSR 00 W 1 2 P - 25 2 7 S A 1] 3 0] S v 0 400 0 35 e R 5 0 4 D, 00 A 7 1 S A 38
() L7 B A TR — ELAETE R0, T X (A W TRE 746 10 T 8 20 R P ) 32 W) = B0 SO0 45 0 v ok 38 A 2 94k i+ %
KM b B R B 3 S A 5 6 (1 i | R — 5 W T R A R ST Ao i R HE
HE T A W RE VR (I RE S REE RN , R O T L, 5 2 X A W A R S RIVBC R B8 7 S ) | DR T S M
WIS PE RIS DI RE SRR | X SR A BIBT R 4516 — 5K,
4 it

(1) 75 2 R ) AT AL 38 325 i — 2 S0, 336 5 ) 3 B BT w28 R 300 A ol v, — e 5 L
FI v T2 R 2 XL ) R MR

(2) FEEZ TR E LB 105 mg/kg R, BEAS X HE A A0 T S 246 500 IR 35 52

(3) 75 2 A0 I FE 0 o M v RS P P S AR S 3 3 R T 3 AR A A BT, T S A T B
B, -5 2R ARSI R O P (ELRE 2 6 1)K | 5 25 (0 S A P T 0 S R £ ok, X 05 4 £ 5 T 2 1
R TE 285087 78 S 7 008
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(4) LB FN HCE YRR ACB R M R B A — E VR A9 182 3K (R T 105 mg/kg) XU W A AR 7

AR A E AR
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