B FReFR 2025,37(8) :5198-5213
Chinese Journal of Animal Nutrition

doi;10.12418/CJAN2025.423

AR EME BRI B EGY
BRIP4 R &L
BE? AW BEAR HEE KER R

(1.3 Bl I sh R be 75 5 2661002, 7 [ 40l Bl Bedb 5t i HOS BE BFFE AT
FEEFSWFEEEESEE, LS 100193)

X B CII.

i Z. ARBRSEMREFERBRSY A ZRENESGTHPAERNAIS, KRBk AF&
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62~65 B u g &R FE R FER G (P<0.05), 7 66~69 A #F 70 ~ 76 J& ¥ o é9 4 & b B ¥ B
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T, 2k it R A 8 v e R A TR i 0
B AR L7/ A 2 Y BUR L Al R
SRIERE , ST E 2006 4E 1 H #2008 4F 12 H 3
WA 5 EE XS IR 2 A X I 8 622 it E G, &
B 11.65% Y 5 77 2 X0 il 8 A H - Jo s i Y
BB AE RS A S M= ERE T E GE
mh AR 22 50 B R AR 5T B 1S 22 LA R R B ) k4
R TR I L ] B R BUR
MIET, Mccoy %5 HFFE & B, 744~ F= A #)
R IIE TR 9.7% , FHivh 35% 1Y 8 T 95 ]
58 Mmi iM%, ILEE H, AR E
i ,2008—2022 4F , ILZAR A K 4 /) 3 FAsLY &
X FF 5 ¥ i R E 4> A A 840. 2, 881. 2,
499.1 Ju/@ K, HAl 5 JC H 50 £ E XS S R
B PARE 8 AR 255 A 2 T B R o R AR AR Y 2L fA
e, (AR iR AR FET- R K= Hat T %
GHKRB, HMFEH&E LA FHRMAEHE
AU TR g, e g X R e R X — )
SRS S EPNIE ST

N4 B 36 B S Y TR S o ) A AR
il 5 (B ARG BRRR 5 ) (HEAE R D, LA LI
HICHE (AR AR B ) 55, X 28I ) 8
axh 1R AR AT | O TR AR ) R R S L
e TN AR A B SR, B RS
FIAEAE — S R 2 . 3 0, Bl 25 B AR 8 A 3 1
FEFNLE A D, (9 WBOR] R 8RN K 5
FECEBE LB KA 5 A, i FE D, A R el
S ECE 2, BRI RS £ X B iR
SRR B R A FE A R, A LR T R
KIS AN FTE S X S LR 2 R Gl A B
HEEEEmW, B KM, o &7 E = R e
22X ARG P R G 7 A R R S 0, e LT T E
I HiA £ S 3R XS A RS B R LR 2T
W, R R AL A4 HL2 T BR R BRI AL
TRHES IR, AVR AN TR, AR, K
TR A SR 7E Bh 4B J5 A B TR R A BF Y
g T REE, fahdiREECHIEHAER
MCEE RS B9E T, ) B 3R B Ui | Pt & A
PraALmfE R Bha R, W R b e
il P VR 2 B R DS Ak B T 0E D LD B K R
1) B 5k B, 4R 1 5 R R R 2 B R 235 A, AT
BETRAATRRE T AN, RS AN S
FIEAh I £ 00 8K RO TP 45 R BoR Lk &

AT

BT RERENMBHEEMTH S &, 2
BERBUE BRI SCR ™Y AR E R 0 B
il 5 A 30 ok 990 ) 5 R B0 Bk /N B DR I, DA T
AR ) i A D R R R R A
HAbsh sl vh 2 F R MR R B R AT
E R ER, Bln, S e A fis7EtT | 5
T frs B o A AR B bR g S R S R RIR B, R
WA BENPUE RBMmAER™, 23EE
BN PR AT R AT R AR TR R (R E
W C RS 1) vl ol e ok i 40 i g i 5
A3Ak 0k B A0 B, 2E S T OKF i R R
B R EH (BMP) 4 M4 E S 4 % B
(ERK) | % LA 3 B (INK ) 255530 8% | Jf- 3 i
P4 B LB A (SOST) SN ik, B IES P
R eAh  BEEE R B, R A T e A 5E i i
i A X B R T AN A 4 S B
RAEF K 5 - 156 18] 75 5 T 40 2 ( BMSCs) 19 1%
BT, DT DA O A /DN B B R IR
JRETE WG 15 25 3h W) B TR RN BE S fn B RS v g R GE
B HC s M Ay 8 B0 B 00 BB O A A
HHMXTERERIERS , FralEEN S
BB B G h AR, i, - RR
A BN B e R P A VE FH UL B A R AT
HI S MBS S, AWEoY | 7E O iR SR R
] R = B J 01 AR, F 5T L 7 R R AR Y B
PRI FH B L, R JF & 28 4 /e 3R 0 B T
o e IS I 4R AR PR e 4R

1 #MR57RE
1.1 {UERE&E

Agilent 1260 Infinity T @5 % ¥ AH (0 3% {2
(HPLC) ( %8 Agilent Technologies) ; 547-360 J&
4 ( H 7 Mitutoyo) ; EFR—01 &5 5 ¥ & I 3 {X
(LL{%)] ORKA) ; EA-01 38 & 2= Dy g I 2 4 ( LA
{6,%1] ORKA ) ;Prodigy Advance A HE X Z8B % E K
W4 ( 32 | GE Healthcare ) ; TA-XT plus i #4 %
( #%[E Stable Micro Systems) ; HDP/3PB Jii f4) {{ #4
3k ( #2[H Stable Micro Systems) ; Applied Biosystems
QuantStudio 7 Flex 3£ B} 52 5% %€ & PCR X ( £ H
Thermo Fisher Scientific ) ; Bio-Drop-pLite # f#{
iR/ 26 11 43 BT {4 ( % [ Biochrom ) ; Tecan Infinite
200 Pro Z ) AgMEHRIX (%t Tecan) .
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1.2 Rt

P R ¥ 22t b E RO B2 Be AL s
HS BB (IAS) SE 56 3 P @ R e B 2% 02 2%
(1) 7 2 AL o (L HES . 1AS2023-116)

IR b 5T G AR 2 5 FR A T A MR AL HEAT
PEHL 60 J& i 7= 2 S AT 1978 22 W G 180 H | Fifi
Loz d, Bl e NER , BAIEE 15 JXG, Xf
FE 2 ] R R Tl ) R, 5 5 7 4R U A A L T A AR
HE N 200 mg/kg R E R, BUAH 1 M,
ER 15 8, LRI 2 % NRC(1994) ™ | &5
A I AR E X R T W) W, 2 Al SO FR K
FFE 1. FH GB/T 6432—2018"" iy 77 B 46
MR A B e & &, kK GB/T 6436—
2018 H [ 77 3 4G T 4R R AP A 0 A R AR
GB/T 6437—2018" ™ H (% 77 3 6 0 470 kL rbr S B 114
S, TR A B 2 S B b B R g B
FMEF (2019 4E55 30 KiR) ) 5,

PR EER BB T 70% W EE+ , # f HPLC
HEATA T . bR dh S F R IR U % W HPLC 8
T 1,0 Fbs e dh (265 =98% ) Y0 H I i
B YR PR W) R A SR U i M oy
RERWLE HPRFEERFNEREES, N
200.811 mg/g, 5 B IR 20.081% , HoAth i 435351
HEREEE A VHZEE B WIEE C i EH A Wi &
HB REMEZFERTI SEH 1 LEF

®1 EARAMREFRKFE(RFEH)

Table 1 Composition and nutrient levels of

the basal diet (air-dry basis) %
i H Items & Content
J50E} Ingredients
FK Corn 62.00
¥ Soybean meal 23.00
s £k Wheat bran 3.70
i ¥ Limestone 9.50
Wi E 45 CaHPO, 0.80
DL-TR %% DL-Met 0.20
b1 81 Zeolite powder 0.11
1Tk NaCl 0.30
iRk Premix" 0.39
it Total 100.00

AT

ZE 3

T H Items “ri¢ Content
H K Nutrient levels”

fRi e ME/(MI/kg) 10.98
HE AT CP 14.73
55 Ca 4.07
S TP 0.51
HHE AP 0.21
iR Lys 0.79
B Met 0.45
&R +DE 2 A Met+Cys 0.71
R Trp 0.17
Il Thr 0.59

1) iR AL R 4 T 8 i #1452 1 The premix provided the
following per kg of the diet: VA 8 000 IU,VB,1.05 mg, VB,
8.52 mg, VB, 8.07 mg, VB,, 3 mg, VD, 450 IU, VE 15 IU,
VC 99 mg, {Z i ¥5 calcium pantothenate 50.18 mg, 4= ¥ &
biotin 1.95 mg, i folic acid 0.50 mg, {fl# nicotinic acid
29,70 mg, {#2fF phytase 100 mg, Z fLJBHH choline chloride
(50% ) 1 000 mg,Cu ( as copper sulfate) 8.03 mg,Fe (as
ferrous sulfate ) 60 mg, Mn ( as manganese sulfate )
65.03 mg,Zn (as zinc sulfate) 66.10 mg,I (as potassium io-
dide) 1.09 mg,Se (as sodium selenite) 0.31 mg.

2) ML A B85 FLE B R SE i E, KR E KR
i1 {H. CP, Ca and TP were measured values, while the
other nutrient levels were calculated values.

1.3 AFEE

1058 11 18] 5 K 06:00,11:00 F1 15:00 45 3
W1, ENARREMKK, EHEXNRLE, T
AEEOCRERE, BREESHEFFNE 16 h
(05:00—21.:00) , M7 47 7E 22~24 T,
1.4 HEHRUESHE
1.4.1 A= PEREI

BKR14.00 ERHE, ICRXREITEEZEGN
PR CRERBESC AT ER PE
B, B2 R0 ok & HH B A 1 T AR T AR
O HTITEFYHRER]BELL,
1.4.2 & B E

A3 STETRTE 65 .69 F1 76 JH WA, B4 5 E b
PLE$E 3 BOGTE T M A, S E < Thbk
] S 7 B e R G BR A RS BE A0 =
02 il v | v i R S 3 ST 1) B SR SR E |, BCR
M s AR 52 5 B I S B Se R B, LT
PR R, bR F R ESENRKE K
AR HEEIER R B AR E R
g R EE LG,
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A Sig=270 4 Ref=360 100

mAlLl

1 23 45 67

B Sig=270 4 Ref=360 100

89 10111213 14 1516 1718 1920 2122 2324 252627 28 2930 3132 33
Fit ] Time/min

maALl
=

DN

1 23 435 67

B0 10 111213 14 1516 1718 1920 2122 2324 2526 27 28 2930 3132 33

B[ Time/min

Sig: {55 signal; Ref. %% reference; 1. 75 A epimedin A ;2. 375 B epimedin B ;3§74 C epimedin C;4, % F78
H icariin;5: B 75 A sagittatoside A ;65175 B sagittatoside B;7; FRZEM IR W 1 2'-O-rhamnosylicariside 1T ;8:

73 1 baohuoside [ ;9;iE EFEE icaritin,

E1 100 pg/mL 474 HPLC BiEE (A) 5EFERNWAR HPLC BiEE(B)
Fig.1 HPLC chromatograms of 100 pg/mL standard ( A) and Epimedium extract solution (B)

®2 EXERDMEMESRESE

Table 2 Active components and contents of

Epimedium extracts mg/g
i@ Items &4 Content
175 5¢ A Epimedin A 26.612
175 5¢ B Epimedin B 58.620
5 52 C Epimedin C 101.313
R AT Teariin 200.811
HiZEF A Sagittatoside A 3.942
#i7E 7T B Sagittatoside B 5.412
R LA

11.465

2'-0O-rhamnosylicariside I
41 1 Baohuoside [ 19.711
FEEAE R Icaritin 8.259

1.4.3 ML AR A SE 38 bRl

A WIAEE Y 65 .69 1 76 JE B HT, H 4 A&
HFEHLER 1 HAGHE T3 kR M, S E 2 h
JETE 4 T |1 000xg 7544 T &0 10 min W 17
414 JE T -80 CUKFRAE. AR &N
PRAL B 77 Bk R i 3 BT A R AR M B R R
(TRAP) MW MR B ( ALP) i& ¥ A1 B45 % ( BGP)
“ i, TRAP Ml ALP i Ml & B AL R 3K E

AT

Bl A BR /A 7], BGP & B M & W B i B Bt 2
YRHEARAF]
1.4.4  Bd MR a-845 80 2

A3 AEE N 65 .69 Fl 76 JE S I, FF R 1ML 5 1
FAGHATHRE B, HFEARITITMF ARG 55 8 G
JI2 B A, 25 B B 2% TR B O UL PR R AR, il
FHELFRE I 5 I A0 R B A A R R AR R R
DA B AR B R ORI B R L. BEE
I8 B 0 B B 43 ) 8§ AR A 2B IS AR R P
W, RFEESHE 8 2 -80 T kA NIRAF4 I,

B =8E(g)/IHKHE(kg) .

1.4.5 B E

o R ASC 88 BT S 2R AT 7 k6 OE RN R B O OE
FEH ) 07 B ORI, 5 3T A 303 S o e 7E - %
w7 Bt I A7, A R =l 2 A ) A
R, R M EE A 15 mm/min, B R
40 mm, J&H . I3 3 O 50 mm/min, 5 B K
60 mm
1.4.6 MedEB%E B YRR E

i o XUAE X 2 H % A S A T 4 e s )
WENX T Y& e, (a0 R 0 R 8N
0.001 g/cm®, FFHUKE BE L 42 I 28 5 R BL(CV)
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fE/NT 1%, 4 @ 45 1A B RY {5 78 T3 8 {8 78 [ A
[ (1.247+0.020) g/cm?®],
1.4.7 B H SRR ES I

HIG 76 JAIET RERE BT 4% 2 R P EE+
5., BEESHG, AL N2/ (EDTA) B
BT R | 214 B S A 2 2 T R A BE R
BRI RT 2 1 85, SRS X 2 AR AT R R K |
R Y) B I X 4 A 34T Goldner — 8, Y4 {4, (i
A AL R ERHEARAR) , Tob2: B iR
TR,
1.4.8  HAGHHH G HL M k0

Y 76 I RS, 1 iR K

TR BE S , F TRIzol (#E BR K /RBHE A #]) ik
FIFIAHZUE RNA, K2l RNA F4EEE e BE I 58
EVE, W00 RNA 75 & FFR i, 85 {8 Perfect-
Start Uni RT & qPCR Kit i & (Jb &4
HAR BN A B ) X RNA #7753, DL B-
ALz F ( B-actin) 1E N NS A, HE4T S2 0 920k
JERE PCR KM, KL A& & A 10 uL, H o cDNA
$70.2 pL, | FiF51 445 0.2 pL, 2 xPerfectStart
Green qPCR SuperMix 5 pL,Universal Psaaive Ref-
erence Dye (50 X) 0.2 pL, Nuclease-free Water
4.2 pL, R 27%% 11 E H Y2 H mRNA #H Xt
ik, SEHPPOEE R PCR YLK 3,

®3 ZHKAEEE PCR3IY
Table 3 Primers for RT-gPCR

318551

Primer sequences (5'—3")

HH s
Genes Accession No.
B_mzﬂﬁ 2 NM_205518.1
[B-actin
Runt #5654 55 K F 2 ;
pa NM_204128.2
HITE ; :
i NM_001033641.2
HIEELEEH 2

_ saaiTa
i NM_001398170.1
AAREEN 4 o
i NM_205237.4
BiHT—«B Z G b H A f )
AT NM_001083361.1

- o Bl

SMAD RRL5 4 XM_040652581.2
Smadd

F: CACGATCATGTTTGAGACCTT
R: CATCACAATACCAGTGGTACG

F: GATTACAGACCCCAGGCAGG
R: TGGCTCAAGTAGGACGGGTA
F: GTTCCTACTCGTTTCACACC
R: GCTCTTGTGAACTGTGCCTTTG
F: TCAGCTCAGGCCGTTGTTAG
R: GTCATTCCACCCCACGTCAT
F. AGTGATGAAGCCGCTGTCG
R: GCCCTGATGAGTCTGTGCC
F: CACGATCATGTTTGAGACCTT
R: CATCACAATACCAGTGGTACG

F. CGCAGTGTTCGTGCAGAGTT
R: GCCGCAGGTCAAACACCTTA

1.5 HEFEGITSW

TR I B E SR I SPSS 27.0 #EAT4 i 40 br, R
ML REAR ¢ K 56 20 B Xt R 21 IR SE 2 4R BUY 4 5K
P B, R S5 R T BE S (R R 3R
/N,P<0.05 #RER B E,0.05<P<0.10 KR AT
BEHBE,

2 & B
21 EXERIYNEFERHEBE S HAEMN
=AU

M2 4 AT, 1 62~65 RIS, IR LA R B
YH 7R R T IR ( P<0.05) 5 7F 66~ 69 J&

AT

W, SXTRAM, B EERRAT-EREA
BB B (P=0.090) ;7E 70~ 76 JAMEI 248
PR 2 5 0T BRA A L BRI A 2R (P>
0.05) , 7F 62~65 JE#HT, # FFE PRI 4 5 % #Y
A R A B E 2% (P>0.05) ; 7E 66 ~ 69
JEIIE AN 70~ 76 JEWE I, 8 2F 28 52 O 41 0 3 R M
T X R A PR # 3 (P=0.073) . 1E 62~65
JEE T, X B4 b R R AR E LS
FERHYEH (P =0.092) ; 1 66 ~ 69 J& I F1 70~ 76
ARSI, 2 20 75 4R U 4R 2R L B 3 A T X6 R
4 (P<0.05) . 2 A FHHEEMFHHRERS
B BEAR L #R A B 35 25 5% (P>0.05)
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R4 EFERDUNTERHEGEHENZIE

Table 4 Effects of Epimedium extract on performance of laying hens during late laying period

i Xt VR AL P
Items Control group Epimedium extract group P-value
PR Laying rate/%

62~65 JA% 62 to 65 weeks of age 92.147+1.107" 95.166+0.501" 0.032
66~ 69 J&i% 66 to 69 weeks of age 88.342+2.134 92.997+1.061 0.090
70~76 JE % 70 to 76 weeks of age 87.918+1.989 91.717+0.837 0.118
FEHETF Average egg weight/g

62~ 65 J&i% 62 to 65 weeks of age 63.698+0.611 65.029+0.466 0.114
66~69 JEi 66 to 69 weeks of age 64.217x0.614 65.081+0.640 0.353
70~76 JE#% 70 to 76 weeks of age 64.670x0.852 65.828+0.403 0.247
Wi % Egg breaking rate/ %

62~ 65 J&i% 62 to 65 weeks of age 2.001+0.348 1.465+0.094 0.162
66~69 JAi 66 to 69 weeks of age 3.050%0.494 1.914%0.365 0.094.
70~76 J&#% 70 to 76 weeks of age 3.596+0.528 2.027%0.578 0.073
FHIH R &R ADFl/g

62~ 65 J&i% 62 to 65 weeks of age 132.868+1.334 135.044+£2.058 0.400
66~69 &% 66 to 69 weeks of age 131.156+1.441 128.674+1.086 0.199
70~76 JE % 70 to 76 weeks of age 135.067+£2.056 131.639+£1.039 0.178
L I Feed/egg

62~65 JA% 62 to 65 weeks of age 2.266+0.028 2.183%0.034 0.092
66~ 69 &% 66 to 69 weeks of age 2.317£0.041° 2.159£0.026" 0.009
70~76 JAIS 70 to 76 weeks of age 2.345+0.039° 2.226+0.015" 0.016

AT EAE SR A NG PR 2 5 8 % (P<0.05) . F&[,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05). The same as below.

22 EFERIYXMFFERHEBERRNYIE

2 5 0[5, 7E 65 F1 69 J& B EF X HR 40 5%
FERYHAMLELEZTEERAG D EXER (P>
0.05) ; £ 76 JEHT, S5XT LA A 1L, i FE R4
HEICREARE MR BEHE(P=0.007), 1£ 65 J&iEHT,

2 HZ (A1 e S R A 2R (P>
0.05) ;7E 69 F1 76 JIEIT, X RRZH AR HE , 12 28 $ I
WYIAR TR R vy ER B 3 v TR HR AL (P<0.05)
2 YA SR HE e B Y 4R BRI R L A
W BRA B EER(P>0.05),

RS EFERIMN-ERHEBERRMTIE
Table 5 Effects of Epimedium extract on egg quality of laying hens during late laying period

Wi

Items

5 FE Eggshell thickness/mm
65 il 65 weeks of age

69 Jii#% 69 weeks of age

76 A% 76 weeks of age
e Eggshell strength/N
65 Jill% 65 weeks of age

69 Jii#% 69 weeks of age

76 A% 76 weeks of age
HFCH i Eggshell weight/g
65 Jil % 65 weeks of age

it B4 R R A4 P i
Control group Epimedium extract group P-value
0.369+0.005 0.375+0.005 0.470
0.398+0.019 0.404+0.013 0.265
0.365x0.005 0.377x0.005 0.097
37.220+1.831 37.561+0.987 0.871
35.794x1.500 36.046x0.814 0.883
35.766x1.200 35.998+1.468 0.903

5.981+0.100 6.097+0.111 0.442

AT
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35 H % B4 e AL P i
Items Control group Epimedium extract group P-value
69 Jii#% 69 weeks of age 5.803+0.117 5.875%0.083 0.619
76 A% 76 weeks of age 5.773x0.091 5.961x0.100 0.173
HEH B Albumen height/mm
65 &l 65 weeks of age 6.750+0.252 6.772+0.235 0.949
69 Jii#% 69 weeks of age 5.828+0.220" 6.450+0.209" 0.048
76 JE#% 76 weeks of age 5.934+0.203" 6.556+0.172* 0.026
s [CH{ Haugh unit
65 &l 65 weeks of age 81.089+1.779 80.889+1.422 0.931
69 J& iy 69 weeks of age 74.975+1.522" 79.389+1.188" 0.029
76 % 76 weeks of age 75.369+1.037° 78.883+0.909" 0.016
H 45 % Egg shape index
65 Jii% 65 weeks of age 1.321£0.012 1.310£0.010 0.500
69 J& i 69 weeks of age 1.305+0.010 1.304+0.013 0.944
76 JI% 76 weeks of age 1.329+0.009 1.313+0.009 0.201
FEH 7] Egg yolk ratio/ %
65 Jiii% 65 weeks of age 25.949+0.464 25.895x0.450 0.933
69 Jii#% 69 weeks of age 28.768+0.380 28.285x0.481 0.437
76 A% 76 weeks of age 28.106+0.508 28.454+0.842 0.706

23 E¥XERDYUNFERHEBOETHEHX
FEFRRY

K 6 A, SR L R EE R4
Ifil i BGP % & 1 TRAP J% PE7F 65 J& i ¥ H 2
FER(P>0.05) , 1669 & w1l 7 BGP & &

(P=0.075) fil TRAP 14 ( P=0.094) ¥ 5 B PRI

Ak $ 78 76 JEIE BT TG BGP 7 & fil TRAP i1
BFREM(P<0.05) , 7&K M B, 2% 41 1] 1 37
ALP G HE B E 2R (P>0.05),

xo6 EFTFRIWNTEEHEBMLERHXEFRNZE

Table 6 Effects of Epimedium extract on serum bone-related indexes of laying hens during late laying period

mA Xt R 21 R ER R A P{i
Items Control group Epimedium extract group P-value
45 % BGP/(ng/mL)

65 JAli% 65 weeks of age 0.387+0.065 0.305+0.036 0.297
69 Jli 69 weeks of age 0.361+0.033 0.268+0.033 0.075
76 J& % 76 weeks of age 0.626+0.079° 0.429x0.037" 0.048
PO 1 R R W R B8 TRAP/(U/mL)

65 Jl 65 weeks of age 5.225+0.464 5.213+0.980 0.992
69 Jli 69 weeks of age 5.510+0.480 4.357+0.400 0.094
76 A% 76 weeks of age 7.330x1.134* 4.101£0.798" 0.042
Tl 1 B B W ALP/(U/L)

65 JAl 65 weeks of age 202.366+31.287 289.587+40.308 0.118
69 JAl 69 weeks of age 147.280+22.383 167.937+19.804 0.505
76 JH1 76 weeks of age 150.642+26.740 121.027+18.196 0.381

AT
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M 7 A, 50 B4 B, R RO
200 mg/kgfEEFRERILY) B 542 5 T 69 JE i it
1) B 15 50 ( P<0.05) ; 76 R8N0 B B, DR s

i 200 mg/kg 1Y 78 B B X G BE KR
BEE BERKE RBEEMREFRRBIRAEE
0 (P>0.05)

R7T EFERIMNTEBERHEGEHEHNZME

Table 7 Effects of Epimedium extract on bone indexes of laying hens during late laying period

5t H % F 4 SR P
Items Control group Epimedium extract group P-value
% B ¥ Femur length/mm

65 % 65 weeks of age 85.715x1.328 85.782+1.048 0.969
69 Jili% 69 weeks of age 86.020+0.777 80.398+0.922 0.760
76 J{i#% 76 weeks of age 84.123+0.607 80.542+1.613 0.631
M & Femur weight/g

65 &l 65 weeks of age 11.217+0.712 11.748+0.457 0.544
69 Jili% 69 weeks of age 10.617+0.182 11.283%0.351 0.122
76 J&i#% 76 weeks of age 11.330%0.427 11.688+0.663 0.659
HE 550 Femur index/ ( g/kg)

65 & iy 65 weeks of age 5.522+0.331 5.651+0.272 0.768
69 JEI 69 weeks of age 4.709+0.205" 5.304+0.116" 0.030
76 % 76 weeks of age 5.716+0.167 5.944+0.290 0.512
l#E4< % Tibia length/mm

65 Jili% 65 weeks of age 117.230%2.483 116.965%0.971 0.923
69 J& iy 69 weeks of age 117.937+0.882 117.702+0.425 0.815
76 % 76 weeks of age 116.880+£1.129 117.348+1.680 0.822
1##H Tibia weight/g

65 il 65 weeks of age 13.493%0.731 13.587+0.421 0.914
69 Jili% 69 weeks of age 14.583%0.532 14.283%0.749 0.751
76 % 76 weeks of age 13.375+0.366 13.120+0.972 0.648
J12 F15 %L Tibia index/ ( g/kg)

65 & i 65 weeks of age 7.147+0.308 7.253+0.348 0.823
69 Jili% 69 weeks of age 6.537+0.260 6.681+0.164 0.650
76 JHi% 76 weeks of age 6.259+0.289 6.769+0.159 0.153

2.5 EXERIYMNFERHPELERENEE
HH 2% 8 I 1, 7E 65 F1 69 J& W i}, 15 %6} B 20 Af]
L, R R R I 200 me/kg B E A 4R B 6 R
M ESREMBEERERA R ER W (P>
0.05) ., 7E 76 JAIEET , 5X A AH L, i F =R I
YAHESHWEEGREHB T NGBS (P=
0.085) , BH SR WA 522 5% (P>0.05) .
26 EXFERDYNTERHNECREBEER
BYYREENIM
H1 3 9 A1, 7E 65 F1 69 J& i i, 5 % A8 41 Af]
PR ARE S EERET YR e’

AT

¥ILREZF(P>0.05) ;78 76 AW, 55X A
L, R FERB ARG 5 ERET YIRS
RN (P<0.05)
2] EXERBYMNFTFERHEBEARMN
gl A

npE 2 s, Xk B 2H 2R X I Y R R R
JEEREIN , /N R ECH BN, BN B AR B B
WU P S W ARG R A B AL, SR B
AR, 1 5 28 52 SR A7) 20 2R RS e - 1 B2 Jo VR A
/NN | B2 TRy RS R 5 BE 8, B /N SR 5 A L A58
T, H /N SR B0 R JEE B 1 I 68 T T B R R
i,
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Table 8 Effects of Epimedium extract on bone strength of laying hens during late laying period N
i H X B 41 AR P i
Items Control group Epimedium extract group P-value
JI#E 58 % Tibia strength
65 &l 65 weeks of age 188.795+10.031 192.171+12.388 0.8306
69 J& iy 69 weeks of age 197.327+10.889 221.630+9.400 0.122
76 A% 76 weeks of age 193.071£4.600 217.499%11.158 0.085
HEF1 5% FE Femur strength
65 &l 65 weeks of age 228.285+10.192 220.239+13.343 0.642
69 Jii% 69 weeks of age 180.187+10.011 199.675£8.360 0.166
76 A% 76 weeks of age 210.006+19.421 205.793+12.536 0.859
®9 EFERIYNFERHMECEEERBTVYRIENTW
Table 9 Effects of Epimedium extract on bone mineral density and bone mineral contents of
laying hens during late laying period
mH X B2 A P{H
Items Control group Epimedium extract group P-value
B E BMD/(g/cm®)
65 Jii% 65 weeks of age 0.166+0.013 0.180£0.017 0.510
69 J& iy 69 weeks of age 0.207+0.015 0.223+0.011 0.382
76 JAls 76 weeks of age 0.181+0.018" 0.228+0.016" 0.027
HI Y E a BMC/g
65 Jii% 65 weeks of age 1.233+0.150 1.500£0.165 0.260
69 Jii% 69 weeks of age 1.817x0.119 1.967+0.105 0.369
76 A% 76 weeks of age 1.517£0.095" 2.026+0.164" 0.023

T IR R e 28 EXFERDUMF-EGHEGEHEAXER

LoD mRNARBKFHEE

) g 2 10 AT, iR E A SR IO 4 R 0 5 4 4

. H-" £ (OPG) Runt Ml 3N T 2( Runx2) |
0

HRE K EHEA 2(BMP2) K SMAD Z ikl 5 4
(Smad4) ) mRNA A0 X 23k 5 W 3% & T X R 4
(P<0.05) ;2 4l [a B H L HF-«B Z &G
P F R (RANKL) BB Kk EHE H 4( BMPA)
1) mRNA FHXF A T0 8 3% 25 5 (P>0.05) .

AKTHRLH B IR R IR . R A H 2 Gold-
ner — (& e (e (R AR, 8%) o SR T Sk BT IR AR BT
WA U Sk BT 48 Y2 B R R 5 00 Sk RS O e A

o ) 30 #
A control group; B: Epimedium extract group. Image
: e i : , 3 EXFERDUMT-EEHEBE R
shows Goldner trichrome staining of bone tissue ( magnifica- - ,
)5z 0p=A10)

tion, 8x). Black arrows point to medullary bone; blue arrows

AR B BN R 2 1 FE 3 80 ~ 90 JE L
U B R 3 2 THD W o A 7 4 R AR BT PR AR Y
()RS R R R AR B R B N A
PEREM B IGAR ) EARNE BOTHRIE B

point to cortical bone; purple arrows point to cortical bone re-

sorption cavities.

B2 EFXERMN-BEHESE
48 LR S5 A 0 R i

Fig. 2 Effects of Epimedium extract on microstructure of

bone tissue of laying hens during late laying period
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HHXR, “HERAOEME—-EBE LSRR
AR B, B R R e, B B S
sl 9 v EPE B 2 A — ARS8 0 1 N
SEHELH AL WRR o B A TE i R i 3h S S BB
% R I B AL 35% ~ 40% (455 | BE R B
H BE AL A B9 32 3 8 K A0 AR AL MR &
SRR BERUE AT 04k, SR E AT TR i 7R
FRE 4 M AT A, R R B K A R A S
Wi AT DI A i AN A 38 Ry B 1 A R HIL B R
Y T OB B R, T R ST B ek
HEMHES Y WS B, IR 2 F AL FE BMSCs figfig
Pk H B oA, B I ES TR B 9T R L L 3E
AR 40 o0 Ak B 22 B S 00, 1R R A IR
EERUE S S /N ORI R0 R A= S SR (R N i = g
AERIBE F, 3F H 107 mol/L MR FEFETF b R Wk
JE 107 mol/L ) b 2 K # T i F - 9 461,
s = % Y FE RS POK IR A S MR R O IR
YRR B, HR R R e R 2 ARG AR
RHE A 5 R B E IR, AR,
TR PN 200 mg/kg ¥ FE R RE B E 1R
1 HY 62~ 65 JH IR By = 5 LY 66 ~ 69 [

W o LA 38 0 e e, M AE R XS 70 ~ 76 JH S I 2
HWPEEBREFHARE, AR P, BFER
HUPp AL PRI I T XS 62 ~ 65 JEI S B 1 7 28 %, 13
HF 2 226 32 HUY) 7T BE BB 9% 2 aF B B5 E A, B IS
FHE7TIEMR, B T70~76 HIER 2 AF-HE L LR
AR E ATRER H TAEER 62~065 AWK 3R A
B IG YRR, SR 1T B A AR RS A 3G K, SR DR L)
REFEIR M ATRE BRI A3 T 200 mg/kg B EFE R
HUY) R BE S 31— R A0 e 36 VF FH AR G 32k 306 5
XA EEAN RN AR R AT B IR, #/NE
S ISTER ST B, R PRI 0.2% MR L FETT e
BERSEHEL, FHHREEEAREMKMNE
TR M B T RN 0.05% B R AR
WA B EAR e, A8 5E & B, 1R AR H I
200 mg/ kg 76 P U R W8 B (IR AR L, PR AR ™
T 5 WS W IR R R ST R B i g B
Y e R FCSA A T DL AR P R
TR 275 B U RE % 12 5 BN Y TEDRE R R,
PSRN A, X PRI R W E S E R EA
—EMBMAER, E—ERE LSRN
R Wk R A A BRI 2 RS

R0 EFERDYNTEZRHPEGCEEXERE mRNA RiAKTRIFM0

Table 10 Effects of Epimedium extract on mRNA expression levels of bone-related genes of

laying hens during late laying period

A X B4 ERERR A P
Items Control group Epimedium extract group P-value
HHPTE OPG 1.006+0.062° 2.386+0.351° 0.008
Runt 55 -+ 2 Runx2 1.019x0.117° 1.539+1.156° 0.037
#HF-«B Z A iE L TR RANKL 1.065+0.210 0.685+0.136 0.180
HIEEEEEN 2 BMP2 1.007+0.070" 3.162+0.599" 0.036
HIEEEEEN 4 BMPA 1.023+0.123 0.944+0.061 0.585
SMAD ZJ5 Rt 4 SmadA 1.019x0.112° 2.206x0.337° 0.033

32 EXERVYPNFFESHEBLEIEH.
BEREBTERBYVYRSEMBEALARN
ZHMEm

B RE S Sy B AR A2 B4R BEHLA 4, 15 Y
B T o S R T L AT RE BB S AR IR XS A R AF ) B
Rgs g, FEABRZE t, R P R i 200 mg/kg 2
FREREY W E R N EE XS 69 R i i BB R %L,
RSP W ST & B, 4k R T SO B A K
LA 50,100 8% 200 mg/kg V% F 78 1 T 1l 5 24 Ak
U 21N R = N 0 D S B T A T

AT

200 mg/kglE L SE MY 7E S 69 Ji i i H A7 1%
Ty B S ) AR B R R A A, X B R
FEWA A W R, X AT A e T R B Y
FHE R — R B RR, EARE b 2 R
01 1 PR T80 00 700) kS S e A {0k B 2k W 2
AR TR AR A [ ) o A R 2 A A B
RITHEH RS & K RUE BN E , BB FE B
B A A KRR E TR OKE B S
FIF 9 FE 46 290 5 T+ . Huang 1Y BF 58 % 9L,
PEAEFEAT AT LAGE o T P A 0 v e AR 4 il AR AR
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T T3 A 15 A i 35 0 R O i A 2RO
%569, Shi % YIHE3E 1 017 BB REAN R F , HAT
OIRELEBR A E RGBT S HMAWIRIT.
MO R FEE S HAMAGYIRT, R EFERE
B o0 B BE TR R Sl B R AR 25 W G2 R
REEREE Y BA XM ENIEM, M
RUEAFFERE VM EAEEEM, HMEER
B E BMSCs [i] 5B 40 M 431k, DA 3G 38 B 2
W, AN 2R A AT LA A A B O
RS A R T, DA R, AR R
FEE T REN i M R 2 A AR
0 ARSI 6T 1 E 240 T 010 444 B % 4% S REVE 0L
A5 B 5T A PR, AR PR N 200 mg/kg B
PR XS 65 F1 69 JAl S i B %6 1 & 0 ) i
£ b 5 1 M L R 0 B A 2 RO OR B
TR 76 IR DR P AN 200 me/kg 2 FE
R EGSHEERETYRSEBEET S, E
XG5 Bz JOC “H R W s D /N | K5 0 N B I 5
OBEESENE AT, XRUER SR
i 200 mg/kg ¥ F25 $E WU e 5 e 7 S W R
B AR
3.3 EFERIY MFEREXIERARME
L35 B W AR B vl LAE— e R
Bt 5 0 R 00 L ) 355 B, A B T S DR
R4 e B TR R RARE | H DR S R T
FR R PG I RURS T 1 A
BGP £ H 1 ACE 4 25 06 , 254 B W i, e B oY
A TR 1 5 85 25 5 30 BGP B il 2 4K 1 36 b | aftL 3
BGP %5 i fE 5 K it 15 5% e R ™ ; TRAP 2 th
HAR AR, B S AL — RS 583 E
[ 2 5 B A A P e, o M R 9 1 A B
Fast A e, B A 43 9 5 A B — Fh 4 Ok ALP HY
BT M, ALP 768 rh R 44 25 JCHEAE T, 3 2 K it 0
FRMGE FAERERR £, N M0 AR AL 450, Mk
A T e R B PR AL B, 3X 3 R R AR TR
MR k= S EON B RS R T 5 5% e R B R
s , B T RSB MR S g 3 i W Wi s el K F B T
B, B, SRR, AR ENR, EE
FEAT AT LA R AR 7™ 3 5 0 X 1 1 B 40, B UK I v
ALP TRAP H) 3% ¥ &% BGP i & &% | REHEH
A A 25 B AT J 7 1 T i v K I 3 o e
PRI (1 BB JE C 3 ik L ALP, TRAP-5b
BGP il T %Y J§ i Ji N 3 55 ik ) , 56 8 40 &1

AT

Runx2 ,OPG mRNA % ik fll OPG/RANKL mRNA
oo fifi B RE SN, B kB BRI R T, FEARHESE
AR AR N 200 mg/kg VE S AE R EY BOE R
KRG 76 FEREHT LG BGP & & & TRAP §i% 4 , {H
Xf ALP My& M A B, BGP & & B {5
A P 225 B 5 8 Y i 1S 0 L A 4 L )
WL R A0 M AE R b R o A E
. BCE 40 i B8 4% 4> W OPG, OPG i i B
RANKL 5# A ¥ -«B 2Z {4 % k. [H -F (RANK) 1)
G5B A ) 1 0 Y ST, AT A e e b &
FERDAER Y FE AR 56 o TRAP 35 P BRI
ALP {GVER A A8k, 156 B A 40 i 0 3% BR AR T
R AN S, S A0 ) 35 R R E T B T i 2
A5 WA 1 OPG I i 1 W5 B 40 B 3G M. fla e AT
WL, R IR N 200 meg/kg TR 3 7E B Y 6E 8 [
I B e (ot i i) Ry B9 R T8 R
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Runx2 J& T Runt 4% ¥ 38 2% 5% 5 I+ 1 1 52
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ZAREEZRETR (1 1 ( BMALL) %3k | 1fii BMALL 1)
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ALP F1 OC) 223k , T fit i BMSCs [1] A% 1 4 fifd
e Jiao A1 K B, ¥E 3 7 1 {2 F BMSCs
B o AL R 4 MO B8 B, bW BMP2 B9 3R 5K, T
BMP-Smad {55 5 il {# 41 ill 7] Noggin fig % i % 1% -
X BMSCs B EAEM ., Ao B FER
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Bone-Protective Effects and Mechanisms of Dietary Supplementation with
Epimedium Extract in Laying Hens during Late Laying Period

LIU Yaqing'® XU Jianfang® ZHANG Huiyan® ZHAO Qingyu®* TANG Chaohua®

ZHANG Junmin®> DONG Huansheng'®  SI Wei®'
(1. College of Animal Science and Technology, Qingdao Agricultural University, Qingdao 266109, China; 2. State Key
Laboratory of Animal Nutrition and Feeding, Institute of Animal Sciences, Chinese Academy of

Agricultural Sciences, Beijing 100193, China)

Abstract; This experiment aimed to investigate the bone-protective effect and mechanism of Epimedium extract
in laying hens during late laying period. A total of 180 healthy 60-week-old Hy-Line Brown laying hens with
similar egg production rates were selected and randomly divided into 2 groups, each containing 6 replicates of
15 hens. The pre-feeding period lasted one week, while the trial period lasted 15 weeks. The control group was
fed a basal diet, whereas the Epimedium extract group was fed the basal diet supplemented with 200 mg/kg
Epimedium extract. The results showed that. compared with the control group, 1) the hens in the Epimedium
extract group significantly increased the laying rate at 62 to 65 weeks of age ( P<0.05) and significantly de-
creased the feed-to-egg ratio at 66 to 69 weeks of age and 70 to 76 weeks of age ( P<0.05); 2) at 76 weeks
of age, the eggs in the Epimedium extract group exhibited a tendency to increase eggshell thickness ( P =
0.097) and significantly increased albumen height and Haugh unit at 69 and 76 weeks of age ( P<0.05); 3) at
76 weeks of age, the hens in the Epimedium extract group significantly decreased the serum osteocalcin ( BGP)
content and tartrate-resistant acid phosphatase( TRAP) activity ( P<0.05) ; 4) at 69 weeks of age, the hens in
the Epimedium extract group significantly increased the femur index ( P<0.05); 5) at 76 weeks of age, the
hens in the Epimedium extract group tended to increase tibia strength ( P=0.085) ; 6) at 76 weeks of age, the
hens in the Epimedium extract group significantly increased femur bone mineral density and bone mineral con-
tent ( P<0.05); 7) at 76 weeks of age, the addition of 200 mg/kg Epimedium extract to the diet improved the
microstructure of bone tissue; 8) the addition of 200 mg/kg Epimedium extract to the diet up-regulated the rel-
ative mRNA expression of osteoprotegerin ( OPG) , runt-related transcription factor 2 ( RUNX2) , bone mor-
phogenetic protein 2 ( BMP2) and SMAD family member 4 ( Smad4) in the bone tissue ( P<0.05). Overall,
these results indicate that the dietary supplementation with 200 mg/kg Epimedium extract increases the laying
rate during the late laying period, reduces the feed-to-egg ratio, enhances egg quality by increasing albumen
height and Haugh unit, decreases bone turnover, promotes osteoblast differentiation, improves bone density
and bone microstructure, and exerts a protective effect on bones. [ Chinese Journal of Animal Nutrition ,
2025, 37(8) :5198-5213 ]
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