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Influence of spent mushroom substrate on fattening performance
and blood physiological and biochemical indexes of beef cattle
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Abstract: [Objective] The research was conducted to study the influence of spent mushroom substrate

(SMS) on beef cattle growth performance, physiological and biochemical indexes. [Method) According to

daily gain,body weight and age matched principle,40 Simmental F, cattle were divided into control gr

oup

(CG) ,experimental group T , I[ , I » fed with 0% ,20% ,40% ,60% SMS instead of wheat straw respective-
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ly. In the pre-test period and test period each cattle was weighed 3 times and its blood was collected by jug-
ular vein 3 times to measure physiological and biochemical indexes. [Result] (1) Compared with control
group,the average daily gain of beef cattle in group | , [[ and [[[ slightly increased by 1.59%, 10. 32% and
2.38% (P>>0.05) respectively. (2) The white blood cell(WBC) of beef cattle in 60 days experimental peri-
odin group I , [ , [l was 8.31% (P<C0.05),8.38% (P<C0.01) and 8.22% (P>>0.05) lower than that of
the control group respectively, but there were no significant influence of SMS on red blood cell count
(RBC) ,hemoglobin(HB) concentration and platelet(PLT) count;the change tendency of WBC,RBC,PLT
and HB in the beef cattle blood within 0 day,45 days and 60 days experimental period in group [ , I , Il
was consistent with the control group,and the change tendency of WBC was inconsistent with the control
group. (3)Compared with the control group,the total cholesterol in plasma of 45 days and 60 days experi-
mental period in group [ , I[ , [l increased by 4.28% (P>>0.05),28.79% (P<C0.01),24.90% (P<Z0.05),
5.62% (P>0.05),18.88% (P<C0.05) and 19. 68 % (P<C0. 05) respectively;the urea nitrogen in plasma of
60 days experimental period in group [ s I[ 5 Il increased by 55. 51% (P<C0. 01),49. 32% (P<C0. 01) and
4.41% (P>0.05) ,respectively;the blood calcium of 45 days experimental period in group Il , [l was 2. 47
and 2. 43 mmol/L respectively, extremely higher than that of the control group;the change tendencies of
total protein (TP), albumin C(ALB), globulin (GLO), glucose (GLU), triglycerin (TG), total cholesterol
(TC) ,urea nitrogen(UN) , creatinine (CRE) , calcium(Ca) , phosphorus(P) in plasma within 0 day,45 days
and 60 days experimental period in group [ , I , [l were consistent with the control group,the change ten-
decies of UR in plasma during 60 days experimental period in group [ were consistent with the control
group.and the change tendencies of GLU,UN, TC,Ca,P in group [l were inconsistnet with the control
group,but the change tendencies of alkaline phosphatase(AKP) in group | and [ ,and the change tendecies
of UN in group | and [ were obviously opposite to that of control group. [Conclusion] The results
proved that SMS has no negative effects on immune function and blood metabolic indexes, which can be
used as ruminants feed with good ecological benefit.
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Table 1 Diet composition and nutrient level of beef cattle in four groups
JER) it /(g - kg ') Content
Ingredient *F B4 Control R T 4 Group | 58 11 41 Group I 56 [ 41 Groupll
Kk Maize 333. 30 333. 30 333. 30 333. 30
#FE Wheat straw 333. 30 266.70 200. 00 133. 30
# B SMS 0. 00 66.70 133. 30 200. 00
%k iz Wheat bran 66.70 66.70 66.70 66.70
7K1 Soybean meal 33.30 33.30 33. 30 33. 30
#1f Cottonseed cake 200. 00 200. 00 200. 00 200. 00
CaHPO, 13. 30 13. 30 13. 30 13. 30
NaCl 6.70 6.70 6.70 6.70
NaHCO;4 13. 30 13. 30 13. 30 13. 30
e BRI/ (g« kg™ ') Nutrition level
Nutrient index Xf B84 Control R T 4H Group | L5 11 40 Group I 58 1 40 Groupll
+¥) i DM 955. 10 955. 30 955. 50 955.70
HEH CP 87. 80 90. 10 92. 40 94. 60
AR EE 33.00 32.10 31.20 30. 30
B R AT 4k NDF 371. 80 354.70 337.50 320. 40
iR 1 Pk U £F 4 ADF 178. 60 178. 20 177. 80 177. 40
Ca 7. 80 9. 30 10. 70 12. 20
P 2.10 2. 30 2. 60 2.80

T < B E TR b 2 2 52 56 % DN SE A

Note: All indexes were measured in laboratory.
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Table 2 Influence of SMS on growth performance of fattening cattle

45 Wi kg Kt/ kg Sk RN BT/ kg PR R R/ (kg d™ D
Group Initial weight Final weight Weight gain ADG

CK 340.60+43. 43 432.23+57.28 91.63416.51 1.2640.23

1 351.30+31.23 444, 87+49.18 93.5747.56 1.28+0.10

1T 348.40+35. 14 449.96+44. 16 101.56+14.61 1.3940. 20

Il 362.70+33. 88 456, 60+46. 39 93.90+11.72 1.2940. 16
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Table 3 Influence of SMS on blood physiological indexes of fattening cattle
52 1 ] EEE o 415 Group
Test time Index CK 1 1 ik
B4/ (109 « L) WBC 15.27+8. 88 13,6945, 22 11.47-+3. 68 15. 1144, 44
]f‘“ﬁﬁ“ ZI40/ (109 « L-1) RBC 6.93%+1.32 ab 6.56+0.93 a 7.5140.81 b 7.51+0.83 ab
re-test
p;i(,; Mmer&E [/ (g« L7 HB 98.50417.85 ab 93.30+12.38 a 108.50+11.18 b 108. 40415. 69 ab
/MR / (1070 « L=1) PLT 449.70+264.58 ab  499.304273.12 ab  379.50+174. 28 a 648.80+244.43 b
) EI4ifE/ (109 « L) WBC 9.76+1. 81 8.25+1.99 8.58-2. 80 7.88+1.83
KB 45 d
45 days of  ZL4HMI/(107° « L™1) RBC 6.31+1.37 6.67+1.17 7.27-+0.65 6.83+0.97
experimentﬂl Mer®EE/ (g« L) HB 95.60+18.19 101. 60417, 37 108.0049. 83 100. 70415. 94
period IR/ (1079 « L=1)PLT 324. 60153, 93 328. 2088, 92 320. 6044, 49 281. 9075, 63
g o FAIE/A0T - LTHWEC 9.1341.53 Aa 7.46-+1.36 ABb 6.80=1.75 Bb 8.29-1.90 ABab
W
60 days of  £T4HffL/(107% « L™1) RBC 6.760.93 6.41=0. 75 6.39-£0. 64 7.024+0. 65
experimental 27/ (g+ L™ HB 107. 80+12. 66 ab 106. 70+11. 94 ab 102.80+9.17 a 115.90412. 43 b
period il /M4 / (1079 « L-1)PLT 148. 90+ 72. 66 124, 30477, 43 176. 50+ 84, 09 169. 40+69. 15

T AT G AR AR F/NE T8k KO8 22 57 835 (P<T0. 05) W iR AN R K5 7 B4 KR 22 F R i 3 (P<<0. 01, F 3K .

Note: Different small letters in the same line indicate significant difference (P<Z0. 05) ,different capital letters indicate extremely significant

difference( P<C0. 01). The following table is the same.
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Table 4 Influence of SMS on serum biochemical indexes of fattening cattle
0 52 6 ] b 4L Group
Test time Index CK 1 I
BEHA/(g+ L7 TP 70.3446. 23 ab 69.25746. 20 ab 67.4145.60 a 73.36%3.17 b
HEH/ (g« L) ALB 24.32+1.68 22.65+0.97 23.53+2. 44 23.71£2. 20
BHEM/(g+ L7 GLO 46.02+6. 24 ab 46.60+7.12 ab 43.88+6.76 a 49.65+4.95 b
%/ (mmol - L™1) GLU 4.71240. 88 ab 5.060.62 a 4.2540.25 b 4.6620.87 ab
NiT! il =M/ (mmol « L™1) TG 0.1340.05 0.1140.04 0.1140.04 0.1440.04
Pre-test BB [ FE/ (mmol « L) TC 1.92+0. 42 ab 1.594+0.33 a 2.03+0.27 b 2.03+0.42 b
period  prge/ (mmol + L™1) UN 2.2740.53 A 3.67+0.39 B 2.3240.39 A 2.5140.53 A
WLIF/ (pmol « L™1) CRE 111.40421. 43 113.00£12. 55 111.1013. 34 116. 8027, 60
Ca/(mmol « L™ 1) 2.33240.07 ab 2.2620.06 a 2.3540.13 b 2.3640.13 b
P/(pmol « L™1) 3.6840.43 a 3.16£0.39 b 3.64+0.39 a 3.52240.55 ab
B MEBERR A/ (IU - L™ 1) AKP 92.10418. 30 87. 604 20. 40 88.40+12. 70 89. 80+22. 80
MEH/ (g L7 TP 66.4043. 27 69.5246. 06 66. 3642, 49 67.6143.58
HEH/ (g« L) ALB 24.244+1. 84 24.34+1.53 24.77+2.04 23.99+1. 43
BHEM/(g+ L7 GLO 42.16+3. 29 45.18+6.67 41.59+2. 96 43,6244, 21
%/ (mmol - L™1) GLU 3.9470. 36 3.860. 20 3.9270. 32 3.7140.27
I 45d  Hh =g/ (mmol « L) TG 0.1240. 04 0.1040.03 0.1140.03 0.1240.02
ei;e(j?ri;ifal A E EE/ (mmol » L™1) TC 2.57+0.60 Aa 2.68-0. 64 ABa 3.3140. 32 Bb 3.2140.58 ABb
period JRZ A /(mmol « L™1) UN 2.00+0. 33 1.9640. 25 2.00+0.55 2.00+0. 33
WLBF/ (pmol « L™1) CRE 115.50418. 34 126.6016. 57 121. 9012, 43 125.3019. 26
Ca/(mmol « L™ 1) 2.3020.12 Aa 2.41%40.06 ABb 2.47240.09 Bb 2.43%40.10 Bb
P/(pmol « L™1) 2.7240. 34 2. 670, 22 2.7920. 30 2.747+0. 25
BRPERE R A/ (TU « L™1) AKP 88.00421. 10 89.80+19. 21 90. 5010. 61 89.10+30. 18
MIEH/ (g L7 TP 65.9342.97 67.5645. 39 65.4043. 39 68.6142. 16
&M/ (g« L) ALB 24.72+1.51 24,0441, 47 24,5542, 06 24,5041, 20
BREM/(g+ LD GLO 41.2142.13 43,5245, 28 40.85+3.58 44,1142, 60
%%/ (mmol - L™1) GLU 4.5620. 29 ab 4.6040.27 a 4.5940.22 a 4.3440.21 b
W 60 d il =g/ (mmol « L 1) TG 0.1140. 04 0.1140.03 0.10=40. 02 0.1140.03
eigiiﬁ;ﬁil A B EE/ (mmol » L™1) TC 2.4940.45 a 2.63%0.39 ab 2.96+0.37 b 2.98+0.43 b
period JRFEH/(mmol - L™1) UN 2.27£0.76 Aa 3.53+0.86 Bb 3.3920.93 Bb 2.37£0.93 Aa
JULEF/ (pmol « L=1) CRE 115. 40422, 20 117.80+14. 83 119.50413. 79 123.10216. 94
Ca/(mmol « L™ 1) 2.4520. 09 2.4940.08 2.4970. 09 2.5140.07
P/(pmol « L) 2.73+0.20 ab 2.85+0.22 a 2.77+0.25 ab 2.59+0.25b
B PE B R A/ (TU « L1) AKP 98. 00424, 54 87.30420. 10 86.50+15. 33 94, 50426, 12

3w

3.1 BN A4GERKERNZIE

A6 BB AR A B R 2000 ~ 6000 i
i AR SR DL 40 00 5 AR 2H 1 R 5 A 1 s R
BHF .20 00 F1 60 20 B AR 1A 24 B A Kk fiE A5 0 A
A P H2EFIFARF(P>0.05), fi%
T A I R SR AR ARG L JE e TR R A R
F AR Rk e ML AR L 3 E A 3 M R v IR R
AR RMERE. A S EIRBESTE R A A H] I
] RES RO A b BRRVE R RN R OC . AR A
PO BEAT T RS I R s s T
0y ) H AR E RS BRI 1000,20%0,30040,40%
500,60 20 Y HL 493 47 2 i AR WL R L, SR
[T 26 4 5 AR A S 60 00 B 3K 6 20 FF 4y o R R B

TRECRE WD BN A RBIER I 6 3k
R MEE RS, Fib, & s ilm L0,
T 20 A B AR 22 /6 1 B 9 43 33 Sk 2026, 4026 A
60 %6 3k 55 P [ 8 A5 R Y LA TRDRERR AR 50 V0 i R
TR OR S AR G5 B — B, BRBETESI Y H AR
e A % R AT SR AN (A P A2 L DA N I
SRy W2 T et o AR B 3 Y Y S b A
3.2 EEHEXT A4 I R S R 4 B B B

1 200 i %) 5 X LA Y B 95 T RE A AR
AR & B, B RRAR 2090 ~ 60 %0 B 2 FE L 18 Ik
A5 45 F 60 K, A3 P A o v b Y A i
B 50 BEAH LU 2 S ARG, B DL 60 d B REAIL
ST Sy B I, (G A0 A Y B S AR R R AR IE R
il ((6.50~9.58) X 10 °/L)Z /M, Wu £ A
Liu S0 RGHE L £ 25 F L B AR = ) 0 TR £ 0 BE



26 P AL AR MRB 3 222 4R (A SRR 2 B

539 %

B VOIS R IR 0 A R B2 R LV v B LA A L b
7 21 R R I 00 A G P R I RE L DT R
SR G sie J7 o SR . AS X 56 v PRRR A0 1 I g R
HH X PR A R 928 0 S T R G 5 T R R RE T X T
AE5 11 2 4l WRR T B LR 22 0 B R B A OG5 [ e
] B8 15 L TR 22 LE S [ 28 3 4 4 o 1 9 Ak R
WRARAX KW ERZHE T 2a . fEp
Sl A P BEME BT A AT, T e R HE 2R L 55 4R T
B T DL s s 07 o TR 40 sl 1 W 9 5 oA g
% 53 fifk M0 25 22 M8 ) o o R R HC A Ak Sk 45 vk B DT R
(VEA) (I8 A BEHL IR

LML EE D RE R B O, F1 CO, ., IEXT AL
A i 7 A A TR R ) o RS 2 e R . SR T 1 40 i Y
T ALRE S o0 21 28 1A 58 Y [R] I £ 40 i 5 T
FEAERMA C3b 32 A, AT R B4 -+ MAS TR 1 b 7 2
G % A Y B 2 PR A 20 M BT B L R U AT 4
WHARED R . mE P EAEAEHAEN
FEREE 11 2 F oA S S e A R T4
v AR K TR0 A i g £ 2 2 bl il R A K s
FEE A BAENE Y0 AR K B 5
JE BRAEHLAR B 1T A5 D) fE s TR 8 1K1 RS
MURHEHT 7 i 568 55 40 OC . A3 & B, 11 2 4 1 b
DO N3 I o 1 1 O 1 A = = 1 AN
i R A R Bk AR 38 T 3 R ) 1 A
20 %0 ~60 Yo 1) B R 16 PR 4R 1Y B 35 1 AR A
2377 AR R A P — RS TE T B A R
S5 Belewu S5 g 38 A 1) MR L B Ak B 5 1) AR
YEW R 7= i AN 23 52 08 S0 9 16 I A B4R A | S T 2
JH 928 Dy fig K 3h A BRECIR 950 1 5 SR — B, FE AN TR
TR A PR A I A DG S 4 B 5 O IR 2 AR
— B0 B AN ] 12 56 9] P ] — &b B 45 S 4 B S R
W 3h A8 Ak X 0] BE 5 K A 78 AS TR 56 09 P T A 1)
A FEIARBEAN A G, At mT AE 5 R A AR ) AR 4 By
By A AR R A G
3.3 EHEEXAFmEELIBRBZME

I3 B 2 W KT 2 S LA FRIR 1 1
TSR A i B YL N BE R T RS AR
T S afi 3 R 2 A R AR BRI S HORE Hh RE
IKEAS 2 B AL AR T A AN BT HORR fiE it R R R
fiK"*', Stanley %45 1, IR 3R AU A RS
PR B IR R R Y v A AT LA S s R N
15T AU R R R R T A R 1O ) A Sy o R )
B HE B o 3 R A R U R AR RN L R R
R JE IR U] 3R T A R AR R R . TE A BE AR

T, FH 20 % ~ 60 26 1Y TR RIERR AR 22 B L 45 S R 1E IR
55 45 d B, PR AR I 3R 4 R AR 3R A AR AL AN B
B HIKE 60 d AP A i 3% 5 IR 2 RUKEAT B
e o xRS EE T HEANTERE/R A
O 5 4541 H O R R 1 KT B 2 BRI R AR 1 18
T30 R0 60 0 B2 AR 4L A 4R 1 3% PR 38 ZUK AR T
20 % 0 40 26 B AR AL, 31X 1T fE 5 B BE 09 kL KN
O . TRVBEFN ZZ B R A [ 06 B B ML A2E A7 40 AR L 22
FORLEE S 5 e, I R BR B A S B8R o LRy B R B
U 1 em, 3X BRI IN T GAORR 55 9R 8 R W B fi
TET AR L[] B o bR PR A L SR R P ) R L W)
B FRATILTE AL 3. SR SOk L R X Y 4
NN S DR AW R A TR (e R N (1 4
5 5 5 A R R S e T Of P
ZA1 0 N T 1 S 1 B o A B o
U AR KB 7RI 45 F1 60 d B, A 4 I 3K
5 7K SF- 349 e 1k AL, U B TR B T BB P A IR N
A — o WAL AR Hoh 402080 60 %0 H R ZZ
Rl B AL A1 0V e A L 3K T RS 3 A B Al
B AL B A5 Bl S O BB A A S, U
H O 58 4 RE A% 1 2 sh ) A= K R 5 645 Ll 1 7 22

i 25 F A B B R AL AAR A 3 i AR o e 2
O E AR e R AL K A B TR PR L R A% T LA
o 6-1 B Bl 2 2 Ak A 49 . Yablanski™' & B,
LR P B Tl R T ) T K A 1 O T A E
AH 2 5 1M A7 2 41 A2 R Ty A0 Xt iy 2 RO B F
S 45 B0 2 B 6P R N ) R M S H B T 2 R
A . ASBIFFE 2 W, TR A i 3 A el R O
HHEEREZEAME HEER AR E . X5FH
BB FT A R, SR, A T R VR R — Rl A 1k
PR S AT — 2 10 SRR S B0 2 TE M T B
Foft FIAS () 2% 52 3 b v ) F 92 45 S o L B S ME 5 H
BT O RIS — B H X FOR — B 5 R RS
R GRS L 3 75— A AR SRR 5L

25 F A I = R R R v R S e T 2%
Yy I AE Sh UK o8 1 T Ak 0 SR AR I I T . A S
BRI AR I HEAT R 45 A1 60 d B, P AR I3 A AR [
KV Wi A 22 A R AR TR R 1 B T S 8 n
B, H 4020 F 60 Yo B AR AL 5 X R 1 25 S Ak B T
K. A WESEIA A L 3K AR [ S R i R A A
2 N 22 089 A DG M A X 265 v o T 5 A AR B R 4 A
MRS s Tl = R 5 R g o it L R B R LI R
i R AR R ALA OGO TR I B 4 VS i RT e
50 3R R B 7 B AT G 3K A R B0 AR R XU



5130

WA SF TR PR 2 AR K R BRIV AR AR A A A R 5 I 27

AR, 35RO T R B, 7E HORR TR s 2.5
g/kg I R ZETEBE ] AR A I v b H v = R A
RN ENENIESs e i 1 (R e N R = i [ - S | E
Jig A, JE AT I 2 (P<C0. 05) B AR A 2 b iy IR [ e
FrE, ARG RS R g It R — 2, 0 E R K
R B R S, R Y iR B 2
FH A B AT LR ) 3% e A B AT T TR 2
. HATOFZE R 2 00 2 A BRI s 1 A & 25
HEZWH RE 20 & 20 R 20, 4 8 4
L -5 2 054 (H X S oY S LU R ER ROR
T T8 % 52, BL T 22 W8 16 52 590 3 ) 14 D9 nT g k15 4 2%
oLF oAt 22 2 A R 25 AR DT RO ME . 2R, I
215 8 A ) RE A8 R i RUR) FH I 2K B 2
YR Ak o VEA LRI B AR 8 g
W i AMLIR 2L, 347 4 A Ak 8 5 & 80IR
FIVRT A0 . A 58w IR 1 K P B4 B2 v T B 5 R
B E YRR T R T 0 L 2R LT VEA,
i HAE R AT W T 2 IR A 2%

4 N g

TR XT 1A 24 1 AR R PR BE AT B2 A AL X Y AR Y
B2 DI RE AR 22 B0 il R 2B B AR AR 4R AR A BT 52
M o - BE BT A g AL VR A I ] 52 R 5 7 - o 7 P
Ry H KGR R T 1.59%~10.32%, H L
40 90 A AR AL P A 19 B I BOR B

[ % 3xwmk]

(1T e R o o 7 ol & AR B0 [T . B A all . 2009 (2) 2 54-
55.

Feng J G. The overview of Chinese mushroom industry devel-
opment [ J]. Modern Agriculture,2009(2) :54-55. (in Chinese)

(2] BRIETER . EHRE DT L0555 B B 46 8B 43 00 Bk i ok
S T AR BOSEE T L), b5 B 22, 2009(5) :210-212.
Chen H L,Wang Y Q.Wan H G,et al. Measuration of compo-
nents {rom residue of Pleurotus ferulae and its allelopathic
effects on four staple edible fungus [J]. Northern Horticul-
ture,2009(5) :210-212. (in Chinese)

[3] Spinosa R. Fungi and sustainability [ J]. Fungi,2008(1);:138-
143.

[4] Adamovin M G, Grubic I, Milenkovic R, et al. The biodegrada-
tion of wheat straw by Pleurotus ostreatus mushroom and its
use in cattle feeding [ J]. Animal Feed Science&.Technol,1998,
71:357-362.

[5] Bae] S,Jung S H.Kwak W S, et al. Evaluation on feed-nutri-
tional value of spent mushroom( Pleurotus osteratus , Pleurotus
eryngii , Flammulina wvelutupes ) substrates as a roughage

source for ruminants [ ]J]. Animal Feed Science&.Technol,

(6]

(7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2006,48(2):237-246.
WL ORAE A= L TR GEDRE B AR IR A P B T (T g
MR ,1993(4) . 41-42,
Lei X Q,Xu Y S. The application of spent mushroom substrate
in animal husbandry and animal feed [ J]. Journal of Henan Ag-
ricultural Sciences,1993(4) :41-42. (in Chinese)
WU FVAF L R 2 5 45 T 0 Tl B X 6 0 1 4 26 7 TR B 1Y
R L] PEE ARl 244 . 2005, 14 (1) : 115-120.
Li H B,Bai C J,Chen Y J,et al. Effect of WMLE feed on repro-
duction performance of sows [J]. Acta Agriculturae Boreali-oc-
cidentalis Sinica,2005,14(1):115-120. (in Chinese)
AL R I, TR IR AR TR R RE X %% LD 24 e R 0 IR
BOR BRI [T, WAl K2 2 4 . 2007, 41(4) :430-433.
Li HB.Gao Y Y.Lei ] M,et al. Influence of short-term fatte-
ning effects of feeding with waste material {from Lentinus
Edodes(WMLE) on Qinshan crossbred steers [J]. Journal of
Henan Agricultural University,2007,41(4):430-433. (in Chi-
nese)
W B s A LS R O R A S D RTE IR
BRI [J]. KB A A%4.2010,31(1):59-63.
Pan J,Gao T Y,Fu T,et al. The influence of spent mushroom
substrate of Pleurotus nebrodensis on growth performance and
palatability on beef [ J]. Acta Ecologae Animalis Domastici,
2010,31(1):59-63. (in Chinese)
B e, fRDR AT S A ML dE st E ROl A L 2003,
He J H. Feed analysis and detection [ M]. Beijing: China Agri-
culture Press,2003. (in Chinese)
INEISR L FB L A8 B PR VL, A R SRS AT T M R 4 1 OR BT Y
[J]. #4273 ,2001,27(2) : 18-20.
Sun G Q.Guo L Z,Li Z J.et al. Feeding effects of soybean
straw and bran planted mushroom on Luxi yellow cattle [ J].
Journal of Yellow Cattle Science,2001,27(2) :18-20. (in Chi-
nese)
ARSI s A e TMOL JE 5T . o E RO HE AL L 2006.
Zou S X. Animal biochemistry [ M]. Beijing : China Agriculture
Press,2006. (in Chinese)
Wu D Y,Pae Munkyong,Ren Z H,et al. Dietary supplementa-
tion with white button mushroom enhances natural killer cell
activity in C57BL/6 mice [J]. The Journal of Nutrition,2007,
137(6) :1471-1477.
Liu F,Oo0i V E C,Fung M C,et al. Analysis of immunomodu-
lating cytokine mRNAs in the mouse induced by mushroom
polysaccharides [ J]. Life Science,1999,64(12):1005-1011.
W75 . S A B [ML bt . i S 0 A, 2002.
Yang X P. Animal physiology [ M. Beijing: Higher Education
Press, 2002. (in Chinese)
Belewu M A, Jimoh N O. Blood, carcass and organ measure-
ments as influenced by Aspergillus Niger treated Cassava
waste in the diets of West African Dwarf goat [ J]. Global
Journal of Agricultural Sciences,2005,4(2) :125-128.
Belewu M A, Fagbcmi O O. Performance characteristics of

West African Dwarf goat fed Aspergillus treated Cassava



28 PO AL A BB K 2= 24 4R (A AR B D i 39 %
waste based diets []J]. American-Eurasian Journal of Agric 343.
and Environ Sci,2007,2(3) :268-270. Zhang L,Liu S Q. Relationship between some blood chemical
(18] gk W, ASIRI &I X 40 26 AR K 1k e L T AR AR I B il 75 A= Ak 48 b characters and daily gains in growing pigs [J]. Journal of Fu-
FISZIE [ D] W b4 & Wl db 4l K%, 2004, jlan Agricultural University: Natural Science Edition,1993,22
Zhang F. Effect of different forms of nitrogen source on per- (3):341-343. (in Chinese)
formance, the digestion and metabolism and blood biochemical [24] 5k %2, 2BaE 3G, JLor A, 45 RIS i 3R IS S vk BE 5 A Ig 5 = o6
materials in sheep [D]. Baoding, Hebei: Agricultural Univer- ZIEFE [T]. M R ,2007,24(4) :23-27.
sity of Hebei, 2004, (in Chinese) Zhang J,Gong D Q,Shen L. Q. et al. Study on the relationship
[19] Stanley C C,Williams C C.Jenny B F,et al. Effects of feeding between plasma lipids concentration and body fatness traits in
milk replacer once versus twice daily on glucose metabolism in meat type ducks [J]. Journal of Yangzhou University, 2007,
Holstein and Jersey calves [J]. Journal of Dairy Science., 24(4):23-27. (in Chinese)
2002,85(9) :2335-2344. [25] Ksiazkiewicz J, Kontecka H, Nogkwski L. A note on blood
[20] R G4 R T4 2. Gl 5% 00 o /e i 15 1k 5 A 7= v cholesterol as an indicator of body fatness in ducks [J]. Jour-
e R MIAESY (1], VLA 5% . 2001,22(2) - 48-50. nal of Animal Feed Science,1993,1:289-294.
Wu X S,Yang F P,Wang J Y, et al. Studies on the relation- [26] Baeza K,Carville H D, Salichon M R. Effects of selection,over
shipes between activities of plasma enzymes and production three and four generations,on meat yield and fatness in Mus-
performance in meat rabbits [ J]. Jiangsu Agricutural Re- covy ducks [J]. British Poultry Sci,1997,38:359-365.
search,2001,22(2) :48-50. (in Chinese) (270 W= b, S 78004 , ¥4 S B 54 2 T VA Ik TR X0 2 I o e 1) 3 0
[21] Yablanski T. Correlation between the activity of the plasma WF9E (1], AR 3 e B2 ,2007,29(4) £ 3-5.
enzymes GOT,GPT, AKP and some performance qualities in Chi X L,Wu D F,Zeng X C. Effect of ganoderma lucidum and
pigs [J]. Col Sci Works,1986.30:599-616. Junkang on decreasing the content of cholesterol in egg [J].
[22] #onab B4 H XN A5, S5 R 0 WG 1 5 7 I PR B SC R /Y Fujian Journal of Animal Husbandry and Veterinary Medi-
WEgE [T, Pkl R 2274, 1991.19(1) 1 61-65. cine,2007,29(4) :3-5. (in Chinese)
Yang G S,Lu X Z,Liu X C,et al. A study on the relationship [28] B, ok A, & 25 FH B B R IR 1E F Ao o8 Je i [T .
between the activity of serum enzymes and meat performances WY IE9E,2006,4(4) :82-86.
in swine [ J]. Acta Univ Agric Boreali-Occidentalis, 1991, 19 Yin W W, Zhang S. Studies on hypolipidemic effect and appli-
(1) :61-65. (in Chinese) cation of edible-medicinal fungi [J]. Journal of Fungal Re-
(23] 3k Jy W0 8 A TR KON 7 0 2 S0 9k 2 R 5 3 T search,2006.4(4) :82-86. (in Chinese)
XA [T AR B2 i H AR 2. 1993,22(3) 1 341-
(E#EF 20 70
[10] Krishnan V, Bryant H U, Macdougald O A. Regulation of Whnt autocrine loop [J]. ] Bone Miner Res, 2003, 10; 1842-
bone mass by WNT signaling [J]. J Clin Invest, 2006, 116 1853.
(5):1202-1209. [14] Ross S E,Hemati N,Longo K A, et al. Inhibition of adipogen-
[11] Gaur T,Lengner C J,Hovhannisyan H.et al. Canonical WNT esis by WNT signaling [J]. Science, 2000, 289 (5481) : 950-
sighaling promotes osteogenesis by directly stimulating 953.
Runx2 gene expression [ J]. ] Biol Chem, 2005, 280 (39): [15] Bennett C N,Ross S E,Longo K A,et al. Regulation of WNT
33132-33140. signaling during adipogenesis [J]. J Biol Chem,2002,23,277
[12] Koay M A,Brown M A. Genetic disorders of the LBP5-Wnt (34):30998-31004.
signaling pathway affecting the skeleton [J]. Trends Mol [16] Stambolic V,Ruel L, Woodgett J R. Lithium inhibits glycogen
Med.2005,11(3):129-137. synthase kinase-3 activity and mimics wingless signalling in
[13] Rawadi G, Vayssiere B,Dunn F,et al. BMP-2 controls alkaline intact cells [ J]. Curr Biol,1996,6(12) :1664-1668.

phos-phatase expression and osteoblast mineralization by a



