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Effects of Flammulina velutipes stembase on T and B
lymphocyte immune functions of broilers
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2. Engineering Research Center of Chinese Ministry of Education for Edible and Medicinal Fungi,
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Abstract The experiment was conducted to study the effects of different contents of Flammulina velutipes stembase
(FVS) as dietary supplements on production performance and T and B lymphocyte immune function of broilers. A total of
270 one-day-old Arbor Acre (AA) broilers were randomly divided into five groups, with three replications per group. The
experimental groups were control group (basic diet), antibiotic group (basic diet + 5mg/kg flavomycin) . low dose
group (basic diet +2% content mushroom stembase) , middle dose group (basic diet +4% content mushroom feet) ,
and high dose group (basic diet + 6% content mushroom stembase). The experimental period was 42 days. The
detection indexes were production performances, immune organ indexes, peripheral T and B lymphocyte proliferation
rates (MTT assay) .serum cytokines IL-2,IL-4 ,IFN- assay (ELISA assay) and serum immunoglobulin IG-A,1G-G,IG-M

potency assay (ELISA assay) . The results showed that:Each dose of FVS could improve average daily gain,average
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daily feed intake,decrease feed conversion at early stage,as well as improve the survival rates of broilers; At the age

of 21 d.2% FVS group thymus indexes and 42 d old bursal indexes were significantly higher than control group (P<C

0.05),4% FVS group thymus indexes were significantly higher than control group (P<C0.05),6% FVS group 42 d

thymus index and spleen index were significantly higher than control group (P<C0.05); T and B cell proliferation rates in

all treatment groups were significantly higher than in control group (P<C0.05). At the day of 22-27,28-35,36-42.each
dose of FVS could significantly increase the contents of cytokine IL-2 (P<C0.05). At 22-28 and 36-42 d,FVS could also
improve IG-A titers significantly (P<C0.05),and IG-G titers at 7 — 14 and 22 — 28 d (P <C0.05). We concluded that

diets of FVS could improve production performances,immune organ indexes and enhance T and B lymphocyte immune

functions of broilers.

Keywords Flammulina velutipes; broiler; production performances; lymphocyte; immune
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Table 1

Content and nutrition level of diet

i H Item

1~21 H# Day 1-21

21~42 H % Day 21-42

JEUBLH Bl Material Ingredient

w(EAK) /% Com 54. 00 58. 68
w(ZHD /% Soybean 38.09 33.92
w(E XKD /% Corn oil 3.50 3.50
w(BHABR)/ % Met 0. 20 0.10
wBEM &)/ % CaHPO, « 2H, 0O 1.90 1.30
w4 ¥/ % Stone powder meal 1.10 1. 30
w(fEh) /% Salt 0.21 0. 20
w(HIR KB /% ® Premix compound 1. 00 1. 00
&1l Total 100. 00 100. 00
B %7K F Nutrient level
wCHLE )/ % CP 21.43 19. 98
w(55) /% Ca 0.97 0.89
wCH W) /% Available P 0.45 0.35
R fig/ (MJ/kg) ME 12. 42 12. 64

T OfF kg HIR A BHREL A&

MEAE A 1500 TUL4E2EE By 1.8 me. 4i2E £ By 3.6 mg. 4i/4E & Bs

3.5 mg, i &K Bz 0.01 mg, 4B E Dy 200 IU, 44 % E 10 mg, 44 % K 0.5 mg, 728 10 mg, MR
35 mg. M 0. 55 mg. ¥ 2 0. 15 mg. I 1 300 mg. %% 60 mg. 5 40 mg. & 80 mg. 4l 8 mg. fill

0. 35 mg, i 0. 15 mg,

Note: D Premix provided per kg of diet: VA 1 500 1U, VB, 1. 8 mg, VB; 3. 6 mg, VBs 3. 5 mg, VB2
0.01 mg,VD; 200 IU, VE 10 mg, VK 0. 5 mg, pantothenic acid 10 mg. niacin 35 mg. folic acid

0. 55 mg,biotin 0. 15 mg, choline chloride 1 300 mg, Mn 60 mg,Zn 40 mg,Fe 80 mg,Cu 8 mg,I

0. 35 mg.Se 0. 15 mg.

1.3.3 T AN E e T.B #k & 2m 3 54 69 % vk
TR 7.14.21.28.35 Fl 42 H #% bl L4l
B9 Hoqdt BE PR kAT T 3 bk R 4 Bt BE M,
ConA LPS Hill # ik t5 41 384 5% , R F MTT 3£, F
570 nm AbJUE OD A M75 T.B ik 2 40 i 4% 1 3 .
1.3.4 xF A iF 0% B F 6% m
TAkI M 7.14.21.28.35 F1 42 H @ &A1
LHEALIR O H A B 1A X, 38 0 UKk TG B R B LR . 4 °C
¥ 1 h,3 000 r/min & .0 15 min. 4> 5 Il 7%
—20 °C f#1F, & M ELISA & # 17 1L-2, IL-4,
IEN-y kil . X80 40 98 2 I 1 ifg B i 26 ) B R A BR
2N Al G B B kAT
1.3.5 Wik b R R E G 6 H 0
Yk 1.3, 3, R ELISA ) )5 i ik 47
IgG IgM IgA MR, 50 25 B8 2 IR 1 g B il 2E

P EARA BR 2 w0 & vl I A5 47 .
1.4 HELESSH

I 25 B LUOF B AR IR (X £ S) Fom . ik
5 F s R H SPSS 17. 0 #F ) One-way ANOVA
AT T 2Z W, K B Duncan [RE#HITEZE LR,
P<<0.05 hERWE.

2 ABERELN

2.1 FABEFHEENIE

2 Al ML 7545 1~7.8~14,15~21 1 22~
28 H B BE . A A (19 FVS 41 9714 H 86 &
158w TR ZH (P<<0. 05) 57 1~7.8~14.,15~
21 J¢ 29~35 H 47 0 FVS 41 A F 3 H R
EREBESTXHEMHA(P<0.05), 5HEZHLE
EXER(P>0.05), 7F 22~28 Hi¥W,6% FVS 4



5 439

TR REAE . G BF s 48 B6 PY XS T B bk I 200 A 46 93 D) RE Y 52 1R

89

S H R R B E S TR RA (P<0.05), B EH
FHiERA(P<C0.05), Hofth H i P HRE &
WEM2ZER(P>0.05) ;755 1~7.15~21 H#EH,
ANTE R 1 i FVS 21 R 3G R E 8 3 K T X R 4
(P<<0.05), 5HiAEEHLEE2EF(P>0.05, 1
8~14 HiHEF, 2% .6% FVS 41 X8 kA L 211K

FXEA (P<<0. 05, 5HiERA LB EFEEF (P>
0.05) .45 22~28 H#L R, 4% FVS 41 3%k A H i
FRTX A (P<<0.05), 5H A RZH LR ELR
(P>0.05), L I %4k od B ) b2 rh 8 m FVS R %
P ARG 35 H B T3 F R B AL R AORE Y i
T2 8 1 PR T e ) FH %

R2 EHEFEHNNABESEEBHM(n=3)

Table 2 Effects of FVS on production performance in broilers (n=3)

kR H i o} 18 4 gz w(FVS)/% Levels of dietary FVS
Indexes Days old Control Antibiotic 2 4 6

1~7 6.2840.19d  17.0340.21a  15.93+0.04 b  14.83+0.20 ¢  15.9540.11 b

8~14  13.76%2.88b  41.3943.78a  35.9542.75a  33.88F=1.73a  36.13%0.77 a

EYH /g 15~21  24.00+£8.82b  58.25%6.54a  55.47+3.57a  51.76+6.77a  52.07+3.67 a
ADG 22~28  40.2345.44 ¢ 79.5245.18 a  67.88+3.64 ab 71.90%£2.19 ab  59.38%2.01 b
29~35  69.60+£6.59b  94.10+1.97a  79.17+7.67 ab  80.8244.82 ab  80.92-0. 22 ab

36~42  79.54+7.53 a 78.33+1.76 a  84.174+1.09a  84.68+4.31a  90.77+1.53 a

1~7 11.5640.53 b 18.2140.33a  20.6541.12a  17.87%1.60a  20.6442.12a

8~14  25.5542.23b  52.4440.67a  53.3341.09a  52.4040.88a  49.95+1.89 a

FHHRAE/g 15~21  54.10£3.10b  75.7849.66a  78.63%£4.60a  83.03FE1.75a  75.06%9.30 a
ADFI 22~28  81.5948.64 b  84.0244.06b 105.4144.85 ab  88.8047.07 ab 123.5545.46 a
29~35 142.9045.09 b  192.94+5.22 a 180.634+8.36a 176.75+9.57 a 188.87+8.07 a

36~42 199.3644.27a  186.14%+9.33 a 173.05+2.58 a 198.4149.56 a  209.53%8.90 a

1~7 1.8440.02 a 1.064-0.01 b 1.3040.07 b 1.204-0.09 b 1.3040.12 b

8~14 1.9440.22 a 1.2840.11 b 1.5040.13 b 1.55740.06 ab  1.3840.02 b

B 15~21 2.7340.67 a 1.3040.13 b 1.4240.04 b 1.6440.16 b 1.46+0.23 b
F/G 22~28 2.00+0.13 a 1.07+0.10 b 1.564+0.14 ab  1.23£0.23 b 2.09+0.16 a
29~35 2.0640.19 a 2.0540.09 a 2.3240.28 a 2.2040.18 a 2.3340.09 a

36~42 2.5540.27 a 2.3840.21 a 2.0540.05 a 2.364-0.20 a 2.3140.23 a

T [ A R B 38R 22 57 R 35 (P>>0. 05) , & RNRIVNE FRESR IR 25 5 i 3% (P<<0. 05) , R,

Note: Values within same column with same superscripts letters indicate no significant difference ( P >> 0. 05), while with different

superscripts letters indicate significant difference (P<C0. 05). The same as below.

TE ARG 5 A K 4 1, X IR R TE R R
94. 44560 HU A R AL TG R 98, 1506, i B 4l
2%.4% M 6% FVS 4119 36 % 4 3 & 100% .
94.44% F196.30% . L BRI 1] A XS G )
W FVS a] LU &7 ARG 5 %
2.2 WMABREHRERBMNZE

21 Hib BT 220 FVS 411 40 FVS 41 P % g i
FEROAY B N BB 2H 5 59. 26 %0 .44, 44 % E R B E

(P<<0.05), %% H FVS 4 5Hi A 24 0 B m 2%
S (P>0.05) ;% 42 A, 4%UFVS H K 6 KFVS 4
Jig J 45 B S B X B s 45% . HE R B E (P <
0.05),4%FVSH K 6 WFVS HM 45 5 B & & T
i R (P<<0.05)(F 3), £ 42 HIBHF,6 % FVS
2 NI 6 B A W IR 2H 5 35 %0 (P <<0. 05),4% FVS
M 60 FVS A ML FE B ¥ B & Fhid R4
(P<<0.05), SxtB4IM b, 21 HRE, 2% FVS
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F3 SHEEHNABEERERBANZE(n=9)
Table 3 Effects of FVS on immune organ index of broilers (n=9)
wE H % popliEic] i RA w(FVS)/% Levels of dietary FVS
Organ Days old Control Antibiotic 2 4 6

il 21 0.2740.02 ¢ 0.397+0.02 ab 0.43+0.02 a 0.3940.03 ab 0.337420. 02 be

Thymus 42 0.2040.05 b 0.2240.02 ab 0.2040.02 b 0.2940.02 a 0.2940.03 a

JIgE JE 21 0.2140.07 a 0.2140.03 a 0.1940.04 a 0.2440.03 a 0.2140.03 a

Spleen 42 0.20740.02 be 0.1740.02 ¢ 0.20740.02 abc  0.247+0.02 ab 0.2740.01 a

o G 21 0.2540.07 b 0.2540.04 b 0.3274:0.09 a 0.2940. 06 ab 0.2640. 03 ab

Fabricius 42 0.2240.04 a 0.1740.02 a 0.1740.01 a 0.2240.01 a 0.2140.02 a

2.3 ITAIAGSMNE M B L R

B2 4 B8 mT 0, MO 56 4 ok L & ) i
FVS 804y T ik T 48 B 35 (8 2 1 5 2 v T % i
HP<<0.05), H5HARHALR EN 2R (P>
0.05), fE4 15~21 H%.6% FVS 41 B k4 i
Hf 1 2 0 28 T BB 4L (P<<0. 05),2% f1 4% FVS
2 55X R4 ROTE B 3 25 S (P=>0. 05) {H 3 & F X

M, HrA FVSHBY S5HhiARHA TR EEER
(P>>0.05); 7E55 22~28.,29~35,36~42 H &1},
AR FVSIIA Bk gy 8 & & T
XPHRZH (P<<0.05), H 54 RHA LW EEER
(P>>0.05), XUt W], i A [F 5 &5 5 FVS f8 [
ConA K LPS #ill 3 P X8 40 & i rh T, B ik B 40 i 1Y
BB AT = T A S BE K

R4 SHEEFWYABHREBEBELZNZM(n=9)

Table 4 Effects of FVS on proliferation of lymphocyte of broilers (n=9)

B 2 i H i X HE 2 biEEN w(FVS)/ % Levels of dietary FVS
Lymphocyte Days old Control Antibiotic 2 4 6
7~14 0.2940.04 b 0.384+0.02 a 0.4240.02 a 0.37%0.02 a 0.4140.03 a
15~21 0.36+0.01 b 0.427+0.01 a 0.35+0.02 a 0.38%0.03 a 0.46+0.02 a
T Ik 40 i
22~28 0.54=+0.05 b 0.77£0.04 a 0.71£0.04 a 0.70£0.04 a 0.73£0.05 a
T Lymphocyte
29~35 0.4940.07 b 0.79+0.04 a 0.76+0.06 a 0.72+0.05 a 0.727+0.05 a
36~42 0.5740.03 b 0.69740.03 a 0.7040.04 a 0.73%0.03 a 0.74740.05 a
7~14 0.36+0.02 ab 0.4040.01 a 0.3440.03 ab 0.384+0.03 ab  0.3340.02 b
15~21 0.30£0.01 b 0.38£0.03 ab 0.38£0.01 b 0.41£0.03 ab  0.43%+0.03 a
B ik & 41 i
22~28 0.547+0.02 b 0.68£0.03 a 0.67£0.02 a 0.67£0.03 a 0.68+0.02 a
B Lymphocyte
29~35 0.51+0.02 b 0.74=+0.03 a 0.75+0.01 a 0.72+0.07 a 0.74=+0.05 a
36~42 0.5640.03 b 0.7140.03 ab 0.71%0.04 a 0.70%0.05 a 0.7040.02 a
2 I B 4B AE R 3 T R AR AL OD570 nm Ab I .
Note: Lymphocyte proliferation was measured at OD570 nm on ELTASA.
2.4 FVSXABMEMEEFEENTM i FVS 2045 1 35 w70 B 41 (P<<0. 05) , H 457 &
F5WR,T~14 HIY ANFVSY IL-2 §RE  FVSHIL2 T RE¥EBER THAXH(P<0.05);
F T HAL I (P<C0. 05)322~28 HIRHF, 25 78 29~35 kM .6 0 FVS 240 11L-2 & it 3 m T H
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kB8 2H (P<<0. 05) ;36 ~42 H # i}, % & FVS
TR, H25 57 8 3% (P<<0.05), H 4%
K 6% FVSH @ @ FHiERH(P<<0.05) ., 7
15~21 A 8t,6% FVS4H IL4 SR EF 5 T H
Al A% 5 4H (P <0, 05) . 7F 22~ 28 H & B 2% Al
6% FVS 4 IL-4 & 3% & T X 4l (P<<0. 05),

W, 2% f1 6 %X EVS 41 14 & & i 25 Fhik
ZH(P<C0.05); 7E45 36 ~42 H b HF, 6% FVS 4
IL-4 & T4, B2 W3 (P<0.05), 156~
21.22~28 H#¥ 6% FVS 41 IFN-y & B & & T
M2, 2 T A A 55 41 (P<T0. 05) , HiAlh 45 41
8] JG 2 % 25 5% (P>>0. 05)

RS SHEFEHNINABNBFREEFSEHNHM(n=9)

Table 5 Effects of FVS on cytokine in the blood serum of broilers (n=9) ng/L
41 i A T A o 1 41 i £ w(FVS)/ % Levels of dietary FVS
Cytokine Day Control Antibiotic 2 4 6
7~14 8.76+0.24 b 9.19+0.72 ab 9.61+0.14 ab 9.94+0.20 a 9.65+0.57 ab
15~21 7.37%£0.19 a 7.7540.35 a 8.36+0.09 a 8.2840.26 a 8.1540.31 a
1L.-2 22~28 9.63%0.09 ¢ 10.4740.37 b 12.26740.26 a 12.244+0.37 a 12.00+0. 36 a
29~35 9.25+0.23 b 10.2140.01 ab 10.4140.63 b 10.1340.58 b 11.69+0.35 a
36~42 9.02£0.44 ¢ 9.68=+0.50 be 10. 6340.55 ab 11.50%0. 14 a 10.9440.02 a
7~14 125.36+1.25 a 126.264+3.52 a 126.05+4.07 a 121.3744.32a 121.44+3.63 a
15~21 116.8346.07 b  120.54*+1.45b 123.59+5.87 ab 116.31+4.14 b 133.16+2.35a
114 22~28 143.66+1.01d 148.52+3.22 bc 151.7841.38 a 145.27+0.93 ¢d 157.04£0.76 a
29~35 111.73£0.75 b 138.8840.15 a 114.234+0.75 b 128.0341.85 ab 114.4440.56 b
36~42 138.61%+0.75 b 150.45+0. 14 ab  154.4440.59 ab 120.57+0.61 ¢ 157.66+0.71 a
7~14 198.15+4.49 a 211.10£3.58 a 230.54+2.33 a 226.60%3.05 a 221.00£2.09 a
15~21 196.42+3.51 b 235.03+£2.79 ab 227.0344.28 ab 236.197+0.49 ab 265.74+2.23 a
IFN-v 22~28 299.06+1.85b 306.56+1.86 ab 318.90+3.32ab  301.2442.12 ab 325.8640.80 a
29~35 271.19+4.23 a 265.75+2.23 a 295.344+5.89 a 279.83+0.35a 296.27%3.79 a
36~42 283.65+0.04 a 270.37%2.39 a 269.81£3.57 a 285.5642.50a 284.81%3.85a
2.5 MHRBREBIKE BN T HABAR B 4 (P<<0. 05), Hifl H #2 1G-M & #
H& 6 ML, 58 15~21 Hiy 6 0FVS 41 1IG-A KW FE 2R (P>0.05),
B R T 41 (P<C0.05), 755 22~28 H o an
.3 AR FVS 41 IG-A B B E S T
(P<C0.05);36~42 Hi. & #4 FVS 4 IG-A %% 3.1 STABEFHEERZIE

M 2w TR AL (P<<0. 05), Hifth H % 6 b % 2%
F(P>0.05), 7~14.22~28 Hi#¢Hi A EH &
# FVS A 1G-G & & 3% & T X M4 (P<<0. 05)5
15~21 Hit 4% FVS A&/ FHAM KK A (P<
0.05),29~35 H#t 6% FVS 4 5 & &5 T H fth il 36
H(P<C0. 05), HAth H il L 2 # 2 % (P>0.05),
22~28 HIRPIiAEZEHA KL 6 NFVS 4 IG-M & it g %

G Bl A R S A B 4R AE R R S R R T
REERMD Bl NN AERET . E-EfE
FEhR CF2 H Y8 P2 H R R BE Rl R
SORESITE B A M AR, BRI RS B
B 19 06 5 &5k 1% 45 B 48 TR A R A5 1 35 B PN R Y T
Py H R FEARORE A HE . AR S5 R S 1 1A X 4R
WA FVS BT LA A X 4 A= R L B ORI
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F6 SHEHFMNWABMERBIKEALMBIFNE (n=9)
Table 6 Effects of FVS onimmunoglobulin in the blood serum of broilers (n=9) mg/mlL
TR 1 H i Sof R 2E Hitk 2 w(FVS) /% Levels of dietary FVS
Immunoglobulin  Days old Control Antibiotic 2 4 6

7~14 3.2440.135 a 2.7640.08 a 3.1940.05 a 3.51+0.48 a 3.354+0.18 a

15~21 3.05+0.14 b 2.62+0.13 b 3.1240. 33 ab 2.9440.02 b 3.6640.12 a

1G-A 22~28 3.8640.22 b 3.67£0.38 b 4,43740.04 a 4,3240.02 a 4,4240.15 a
29~35 4,4640.11 a 4,1540.25 a 4,2740.12 a 4,31£0.11 a 4,3940.01 a

36~42 3.574+0.14 b 4,014+0.09 a 4,034+0.17 a 4,294+0.08 a 4,0640.01 a

7~14 3.614+0.19 b 4,674+0.13 a 4,6540.05 a 4.8240.21 a 4,6440.06 a

15~21 3.54%0.76 b 3.30£0.03 b 3.8440.08 b 5.10%0.23 a 3.61+0.24 b

1G-G 22~28 4,174+0.18 b 4,8240.01 a 5.27+0.05 a 5.16+0.25 a 5.33+£0.03 a
29~35 4,154+0.40 b 4,3440.13 ab 4,4940.13 ab 4.4940. 14 ab 4,6640.11 a

36~42 3.9340.05 a 4,634+0.68 a 4,8940.14 a 4,70+0.04 a 4,7140.04 a

7~14 2.9140.09 a 3.0540.03 a 2.9940.13 a 3.0040.34 a 3.1140.29 a

15~21 3.0440.19 a 3.21£0.02 a 3.2440.11 a 3.2440.27 a 3.3440.25 a

1G-M 22~28 3.5340.02 b 3.72£0.10 a 3.7140.06 ab 3.63%0.18 ab 3.74%0.01 a
29~35 3.3840.42 a 3.46+0.05 a 3.5840.02 a 3.46%0.01 a 3.70£0.09 a

36~42 3.6340.05 a 3.4340.29 a 3.534+0.05 a 3.52+0.22 a 3.6240.26 a
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