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NEE A R — Y55 7 B R AE P PR R FUAROIRAS R I 2 A6 AL AR B (A
£ Bk skigE RBE FIE
Crpr Ol Bt TRHE FE R, A S R AE PR R e =, AR R R K L
FEBF T, dERT 100081)
B AARIE BTN F] T S E R 4 (PQQ-Nap) X =iy Er=thfe. Fisf
RS AEACTERR IR, B RO PQQ-Nag 7577 3G _E A 2 4 . iR BEH] 540
25 S I i e 22 I XY, BENLY N S 41, Rk 6 MER, HAEE 18 H. S4/™E
XSO BAMEZR I 0 (DL 0.04. 0.08. 0.12 mg/kg PQQ-Nay K 200 mg/kg 4E/E 2 E 1) 5 Ff
AR A 1A, i 24 A 45 R D S5XF A, RS I 0.04~0.12 mg/kg
PQQ-Nay X = & 4G [ A P2 e R 7= A T3 52 (P<<0.05); 2) REGSE 24 F, SxTHRAMLL,
AN 0.04~0.12 mg/kg PQQ-Nao i 3 £ 51 1 XS 2 (1) RG IR HLA7 (P<0.05), HLA N 0.08 mg/kg
PQQ-Nay B E# & T HETEE (P<0.05); 3) SXFHRAIMEL, 1Ak 0.08 F10.12 mg/kg
PQQ-Na; W3 1 MUK b H I A Al (55 12 D RS S B B (56 2
JL 524 D (P<0.05): 4) H5XFRZHAHLL, TARA N 0.08 mg/kg PQQ-Nay i 3 FEIK 10
JEFRIE & 5 (P<0.05), Z& s 1 HIEEFTE L RE ) (P<0.05), HEIN 0.12 mg/kg PQQ-Nay
R EFE T N B EE (P<0.05). BRS8N, FHREI 0.08~0.12 mg/kg
PQQ-Nay W F= XS AEF= M BE EA RS, H A SCEHUATTANINRE, 25675 AT = XY
R PQQ-Nay (M EL ¥ &N 0.08 mg/kg .
OB NN AR N, PREEXY: BUAUL: MR SR

>S5 S816.7 SCHRAR RS : MEYT

Wk HEH: 2017-08-15

RETH: BREGEPEAREKZRTH (CARS-41-K13); HE HARI ST H (31172212)
EHEM A £ & (1984—), *z, WEEEEN, Lot MHEREE R H i
9t. E-mail: wangjing@caas.cn

FEEEHE: S5, AR, EEH45IW, E-mail: qiguanghai@caas.cn
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AR, PPEXS AT TR BN, GBI EAIE FORA R A, AL, A
R 2 5 1 22 P S0 M R 30 R AR TR 4k R AT DT 5 ) R A% PR R AR 7= 2 L DL B 2R
BRI 224 HT,  FRDHR o {8 I BT A ), 2,6- BTN Y L AT R T A T
S, AR DML BT R A N E e 224 R R AR ST T R AN E A
A — AN EEHEFUTT ), R OREE P B AGAg FEAING A BT L SEIE AR I SR s A
B

W& I IBKAEE  (pyrroloquinoline quinone, PQQ) b2 FR N 4,5- 4 -4,5- 4 fb-1-50
1% (2,30) fi§-2,7,9- =R K. PQQ &4k MM A% 1 2 5 T E Db A B X —Fh 8 b id J5
ki, | AR T HMAEMAL T . PQQ BA MG E TR HRY . Hiih Lo E A 1 «
BT E AR, U, R BIREZEZ MY AR PQQ 1 LIATIRE L 5 H MR BT A
MR PR A S S AR R I 5. R AN il ae R B, PQQ X B Hhi3k I S 24
A7, VYA R IES 0, AR a2, shAEVHE S B O WL E TR, B2
fE AR B VE R o I SO R AT PR S T Sl B AR A R, PQQ XA R4
PR 1 5 FERHE PR S TE B G2 AN ZRRi i 1) S R 5511, PQQ R FEHT B T Y
ARENLEIE: 1D IR T H BEE R, B8k E b 2 Bk T, 5EEY
Ji R A AR AE s 3) IS {E T B S U EE AR, 9 A PR X SR S SR T

Ae7T, DRV G A AR FEILSE, PQQ RN —Fh R AR BT R b HE oG #bh 78
A, TN 2 N B e AN T A —— Mg R — 4N (PQQ disodium, PQQ-Naz).
ARG RITIE T 24 PQQ-Nag FEH G4 BB FL, 45REW, PQQ-Nax Re &
REARER o2 AR S R A i o A AR 0 W 2R L, JF T S 2 PR 1 T St il RECIR
A, PQQ-Nay il i 5 Krilfe & H HiJk, IR Bid S MG s AL AR 2L B A R 48, By b
JREAG 5 108) . A Jig A2 AN S A LSO AR B AR R o, PQQ- Naag S o I 42 40 i A S8 AL L3, 2

HESRLAR G BT 4R L D RE 77 S ey G735 8, iz FF 4 AR 1 2 1P S A 2 A3 £ 7
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62

BEAh, PQQ-Nao RT3 X S if I AV R, SE XS TR A IR, A KPR 4. 7E N L%
INFSEAET, PO AT )5 5 B EEAEIR 115 minl'Oe VR —Flogh 2L A B S Ak 751 7= i
A B EB A PQQ-Nay % EN A& BILR AR A =L BRI 2 . (RIBG, ACiBodE i 24
J A PR 6 SR AR AR I PQQ-Nao 7%= S 2L =M B . USRS (B2, (7] i 900 i
TSR AR A, BT PQQ-Nag 7E 7= B0 TR & B AW &, LA PQQ-Nas
A TR RITE = BERG AE P o (1 S P SR A S A
1 MRS Tk
1.1 iR5 A R}

PQQ-Nay il 71 th_Fifg B2 22 A A Fb 2 ST fo DA BR A R 3R L, N Mk IR 4,
PQQ-Nay & A 1%oo
1.2 B0 BT 5 150 T R

I H] 540 K 25 e i e 2 KBRS, BENL S A, B 6 MEE, B HE
18 W 433 JAY 1 ANMEAL (45 cmxd5 cmx45 cm). 4551, SAENS R AR, PER,
FRIEEERERARE (P>0.05). TAM 1A, Eil 24 & £2 8 NRC (1994) F1 NY/T
33-2004 fy5LALE, 256 G20 EXGTR TR T ) Bof] BoK- BRI Re , FLAL sl fE
FRACTF I 1 A8 TR AR A JL i, S 181 0..0.04.0.08.0.12 mg/kg PQQ-Nay & 200 mg/kg

Y2 E 5 PR b .

R 1 BERER AL A FRKT O 24D

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %
JZ¥} Ingredients % & Content B FEKF Nutrient levels? e
Content
EK Corn 62.77 fRiffE ME/ (MJ/kg) 11.16

KA Soybean meal 18.33 FEHB CP 16.6
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66

67

68

69

70

71

72

73

74

FiFFH Cottonseed meal 3.00 AR Lys 0.71

A4 Peanut cake 3.00 EEE Met 0.32
¥} Fish meal 2.00 EEBHEME R Met+Cys 0.54
ERE4S CaHPO, 1.40 e R Thr 0.49
Fi¥r Limestone 8.00 BRI Trp 0.18
TivEAl Premix? 1.00 £ Ca 3.44
ik NaCl 0.30 B AP 0.33
DL- &% DL-Met 0.10 4EE X E VE/(mg/kg) 8.08
AR Zeolite powder 0.10

£t Total 100.00

D& e B & Contained the following per kg of the diet: VA 12 500 IU, VD3 4 125
IU, VE 151U, VK 2 mg, VB2 5 mg, ¥ % biotin 0.2 mg, " folic acid 5 mg, #HE niacin
32.5mg, {245 calcium pantothenate 50 mg, MtPEE pyridoxine 8 mg, #%¥{Z riboflavin 8.5
mg, Bif4%& 1.0mg, Cu8mg, 11.0mg, Fe60mg, Mn 65mg, Se0.3 mg, Zn 66 mg.

DEFRKCPAEY) NTHEAE . Nutrient levels were calculated values.
1.3 WFRE B

RTINS & 4 ZALRGESR: BRI TAHSE, JelEIR a0 16 hid. JulisRfE
20 Ix; AXTER N 50%~90%; i X J5 KOy B AR RS G A A G Kl 4 AR

(22+3)  C; AARATRREL, BERATE 2 K, SIRE4 I, BHERBEMYOK: £ NER,

RAEGHE 2 I BERAAIEHEEE 1k BRIEIE 2 G WAk .
1.4 Feib KRR SRR E

1.4.1 A= RE R 2
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LB AN A A RS P R R SETIAYS, WAL RLE, A AR 4
fretEde., P HXERE. PHERE. REIAZET R,

1.4.2 HM BTN E

S T IREG I3 2 12 R 24 JAK, SEASEER 10 B, FHTIE EresmfE . Hoe R,
W PR BB o BB, L P TR BT SR S 2 i 71X CORKA Food Technology Ltd.,
PLEA) g BT R &R BN (ESTG-1, ORKA Food Technology Ltd., LAff
B s, E5esmEE ) ESTIRE 2 HT{X (Egg Force Reader, ORKA Food Technology Ltd.,
PLEFD PIGE o
1.4.3 1R LA SR FR H I E

TGRS 20 12 81 24 FIOK, RAHBENLEBRE AT EXS 2 K, IR0 ik
K ZE AP PTE E A, 3 000 r/min B0 10 min F & 1M3E, -20 CORAT, £ i it
febr: TEIRI0EE 24 AR, B ERH 1 H a0l B S, RULE, SECCIERUFIE, &4
GISIH, BROIE. SRR R .

MR 2 g R 00 IE AR B SR K e, BRIV, JEARIR T, FREL 0.5 g,
o fEEE ALK, BYRE, B AIRALPER 10%M412151%, 3 000 t/min, #5010 min, H -
TEW, -80 CLRAAAFI .

SR FH B A S AL BRI S S A B EE (T-SOD) & 1, R AHBRACE H 2 FRVEN &
N (MDA &8, KA EOENE A M I Sl (GSH-Px) &, SR
HfkE (5,5'-dithiobis-2-nitrobenzoic acid) EHkFE S &, RAGE 7L H/HTE ML AN E
PR (T-AOC). HAUEHFEERM 0w iR (BCA) iENE. LR iaFrlsE Bt
WG E R 5 A AR T

1.4.4 I AEAFRFRTTI E
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MFARFEHEEE (AST). RNFERE (ALT). WIEBRE (ALP) 3EHEAMAES (TP,
F&EE (ALB). SfHZZE (TBIL). WUEF (CRE). JREE (UA) ¥R 5Lk 300 244>
HENEW AT CRgERHE) Wile, W& B RHE Y TR AR A .

1.5 Hdab Pt

K FH SPSS 16.0 G i+ #41) one-way ANOVA F& FE AT J7 24387, 3% ] Duncan [Ki%it
ITHLE 2 ELLEL, LA P<0.05 % R bRt . 45 REL “PIMEAREE " R,

2 g R

2.1 PRSI PQQ-Nay Xt/ HE X A 1 E AN R it JoR FR M

H

TR AN 0.04~0.12 mg/kg PQQ-Nay B}, 200 mg/kg 4E4E 2 E X 72 0 IRE6 & H CHdE ok
BoR) KAl (24 F, R 2D APEREIARMAERERE (P>0.05). & 3 W, X
YLAHEL, 28 24 A I % PQQ-Nax HFN4EA 3 B RS IR FRLA7 35 2 2 42 15 (P<0.05), % PQQ-Nay
HEALREHRTLEEZESR (P>0.05); FEUHR PQQ-Nay IR INEHIEIN, M FREAL L k1R
f (P=0.050; Z5RKEIR). 2624 FR, 5L, 0.04 mg/kg PQQ-Nay 21 5 5% J5 5 X} R

ZHF1 0.12 mg/kg PQQ-Nap L. #E Tt (P<0.05), 54EE 2 E 4151 0.08 mg/kg PQQ-Nay ZH7E

Em

HER (P>0.05); TR PQQ Nay i NE S HEFEEE ZIRM& KR (P=0.003; 45K
R . TR 0.04~0.12 mg/kg PQQ-Na, 5%, 200 mg/kg 4E4: & E X 8 5 2 (4 A 2 76 5 JiF
BIR AR50 (P>0.05),

R 2 TREAIN PQQ-Nap X P B A A P HERE IR (27~50 JA i

Table 2 Effects of PQQ-Na; supplementation on performance of laying hens (27 to 50 weeks of

age)
X2 YiEREU PQQ-Nay 4
PiA
IH Items Control VE group PQQ-Na; groups
P-value
group 0.04 mg/kg 0.08 mg/kg 0.12 mg/kg

SFI)EE AEW/g 62.29+1.39 61.76+1.19 62.18+0.80 62.21+0.58 61.98+0.74 0.888
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PHHRER

ADFI/g

FEER% Laying rate/%

BLE Feed/egg

FET-# Mortality

130.0+3.06 128.6+6.15

83.56+3.74 86.86+6.18

2.46+0.13 2.384+0.22

4.63+4.18 2.78+3.04

3 AARIA I PQQ-Nay % 7 H ¥ £ i Ji 1) 52

130.1+3.53 129.1+£2.56

86.31+4.95 87.13+4.13

2.40+0.21 2.35+0.10

2.78+4.65 1.85+2.87

129.4+3.32

81.35+4.42

2.54+0.20

3.70+2.87

Table 3  Effects of PQQ-Na; supplementation on egg quality of laying hens

rate/%
A PupiGEe|
Items Control group

W& G AL Haugh unit/U
52

77.71£3.95
Week 2
B12H
Week 12 72.16+5.99
24

70.06+2.53b
Week 24
EFPI Yolk color
52

6.72+0.71

Week 2

12 A

Week 12 6.56+0.40

YERENH

VE group

76.63+£2.93

72.61+2.04

75.62+1.58°

7.17+£0.28

6.39+0.57

0.04 mg/kg

77.75+1.78

74.42+1.73

73.98+2.542

6.94+0.39

6.94+0.39

PQQ-Nay 41

PQQ-Na; groups

0.08 mg/kg

75.84+2.03

71.54+2.73

75.72+£2.982

7.06+£0.61

6.89+0.72

0.12 mg/kg

74.89+3.76

73.81+2.73

74.16+4.10*

6.89+0.54

6.67+0.42

0.962

0.190

0.381

0.725

P

P-value

0.428

0.618

0.014

0.662

0.338
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%24 JH
8.33+0.37 8.03+0.31 8.44+0.34 8.28+0.39 8.17+0.46 0.388
Week 24
75 E Eggshell thickness/mm
H2 A
0.343+0.010 0.338+0.008 0.333+0.008 0.334+0.007 0.337+0.007 0.272
Week 2
5512 4
0.341+0.009 0.350+0.011 0.353+0.004 0.360+0.011 0.350+0.020 0.163
Week 12
%24 JH
0.345+0.017% 0.350+0.0092b¢ 0.359+0.0032 0.357+0.010% 0.342+0.007°¢ 0.032
Week 24
H5eiRE Eggshell strength/(N/cm?)
H2 A
38.41+2.74 41.86+2.78 38.98+3.33 42.80+3.62 40.86+1.90 0.075
Week 2
5512 4
Week 12 43.0442.18 43.9142.68 43.42+1.42 44.29+2.51 44.92+4.11 0.779
%24 JH
38.81+2.30 39.26+1.39 40.71£2.36 41.17+1.72 39.32+1.73 0.187
Week 24
FATEEE B AR A A T REE R B (P<0.05). TR,
Values in the same row with different letter superscripts differ significantly (P<0.05). The same as
below.
2.2 BRI PQQ-Nag X7 HL XY ML AT A AL 45 b (152 1
TAIRRES 0 PQQ-Nag X 7 H 8 ML I FT A TR FR AU RE A W3R 40 LK T-AOC J5 i, k5658

12 R, % PQQ-Nay ZHI 5 E & T XHB4 (P<0.05), [ 0.08 mg/kg PQQ-Nay 4Hif i 3%

03

mTYEAE R EA (P<0.05); R E 24 RS, 0.04 F10.08 mg/kg PQQ-Nay 41 i 3 & 1%

P2
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129

130

131

132

133

134

135

136

137

. 4EE R E 4 0.12 mg/kg PQQ-Nay 4 (P<0.05). Ifi3¢ T-SOD 351 51, R 2 &
i, 0.08 1 0.12 mg/kg PQQ-Nay 2H & 3 =y T X FEZH AT 0.04 mg/kg PQQ-Nax 4 (P<0.05), 5
HAEREALEZEZET (P>0.05); I 12 K, 0.12 mgkg PQQ-Nax 41 544 & E 404
LR ZEER, —HBHEZFESTHMEH (P<0.05); R 24 AR, 0.08 F10.12 mg/kg
PQQ-Na 22w TXHEA (P<0.05), 0.12 mg/kg PQQ-Nax ZHit B Em T4 R E4 (P
<0.05). 3% GSH-Px i&PE71H, X565 2 AR, 0.08 A1 0.12 mg/kg PQQ-Na, AF4i4 K E
HEEFTIRA (P<0.05); I 12 FRS, % PQQ-Na HF4E4 &K E B & m TXF
M2l (P<0.05); IS RAEM E] 5, % PQQ-Nax 5445 E I 25+ . TRA N
0.04~0.12 mg/kg PQQ-Na, 8¢ 200 mg/kg 4t 4= 3% E X Il 28 MDA & 5 35 K p= 48 & 3 5 )
(P>0.05).
R4 TPRGA N PQQ-Nag % 7= 84 IfiL 3¢ 7 S AL AR B R 541

Table 4 Effects of PQQ-Na; supplementation on plasma antioxidant indices of laying hens

X i YR EH PQQ-Nay 4 PH
TiH
Control group VE group PQQ-Na; groups P-value
Items
0.04 mg/kg 0.08 mg/kg 0.12 mg/kg

MPTEAARE S T-AOC/(U/mL)

2 0.077
4.01+0.98 6.01+1.66 5.01+1.26 5.90+1.23 5.92+1.48

Week 2

12 3.74+0.80¢ 5.32+0.25b 6.34+1.32% 6.83+0.83° 5.84:0.84® <0.001

Week 12

24 3.90+1.71b 4.38+0.68° 8.69+1.40° 8.65+1.932 5.47+1.48° <0.001

Week 24

RBEAEALES T-SOD/(U/mL)



B2 A
188.50+27.11b
Week 2
12 166.53+10.23b
Week 12
24 JH  168.44+12.77¢

Week 24

217.59420.91%

191.11+4.30°

189.41+15.27%

B RS F B GSH-Px/(U/mL)

2
Week 2 485.81+191.32¢
512 A
Week 12 584.35+61.70P
24 1
Week 24 627.09+30.19
N MDA/(nmol/mL)
2
4.44+0.99
Week 2
512 A
7.58+1.20
Week 12
24
10.77+1.06
Week 24
138 2.3

139

140

628.03+55.24%

662.82+20.01*

700.40+45.07

3.80+0.65

6.03+1.24

8.87+1.34

204.69+20.10°

168.13£14.19°

190.67+28.11%

561.28499.93%

698.90+60.61*

681.94+49.79

4.56+0.70

6.46x1.11

9.84+1.35

239.92+30.47°

175.37+10.40°

211.02424.49%

691.14+52.55%

681.13+51.44*

674.66+65.24

4.15+0.56

6.00+0.85

9.18+1.40

TARRAN TN PQQ- Nag X 7 B3 AL AT AL SR B (1521

250.18+26.95°

189.79+8.432

221.45+25.50°

722.65+72.28

698.20+25.41?

708.13+60.29

3.65+0.63

6.00+0.39

8.99+1.25

0.003

0.004

0.004

0.005

0.002

0.090

0.213

0.057

0.092

WP 1 AT, BETARRE PQQ-Nax BN MBI AN, (LA (P=0.034; S5 RAKRE R) AMATHE

(P=0.009; Z5RAEIR) MDA & EL MK, SXTIAME, 0.12 mg/kg PQQ-Nay 4.0 IF



141

142

143

144

145

146

147

148

149

150

FIRTE MDA 5 &85 5 FEK 17.81% (P>0.05) F121.67% (P<0.05). % PQQ-Nay 4O JJE Al
FFHE MDA &8 544 R EHLEEZER (P>0.05). OFHIES B PQQ - Nay A INE

hie

PG 2 IR BEE (P=0.031; SR AKRE/R), 0.08 mgkg PQQ-Nay 2H B} I 4H W 25 P& ik

AS

(P<0.05). TAKLH 0 0.04~0.12 mg/kg PQQ-Na, 5% 200 mg/kg 4E4: & E X AT HE BRI & &1

AFEARER (P>0.05),

>
W

[}
©
£ g
] 6 1 3 0.20
® = oy 018 a
=0 5 —_— ab
2 20 016 be ab
L= o ;.4 c
TS 4 Qo ™
EE s E 012
= O U=
E E 3 2 010
T S 0.08
F wy

HE ? ﬁﬂz 0.06
2 @

t 4 4T+ 0.04
o o
Ie s 0.02
L5 0 i AT
H Peloti| VE#  0.04 mgkg 0.08 mgkg 0.12 mgkg - Pelctil VES  0.04 mghkg0.08 mgkg0.12 mgkg

E
fs] PQQ-Na, MK FE PQQ-Na, addition levies = PQQ:-Na, KT PQQ-Na, addition levies
£85I Group £H 51 Group

@)
O

0.14 4

o
@

f &8 Hepatic malondialdehyde
£

contents/(nmol/mg prot)
g 2 oW o

contents (mg/mg pro

felct] VEl  0.04 mgkg0.08 mgkg0.12 mgkg
PQQ-Na, #&i17kF PQQ-Na, addition levies PQQ-Na, i#IM7kF PQQ-Na, addition levles

FFRER: E & &2 Hepatic carhonﬁl group

pola: VE{H  0.04 mgkg 0.08 mgkg 0.12 mghkg

PR

485 Group #8351 Group
AL EARA R T RN ZR B (P<0.05).
Value columns with different letters differ significantly (P<0.05).

1 BN PQQ-Nay X P2 0.0 fF MDA & (A). DI HIE S & (B). FIF MDA

R (C) MATMESRIESE (D) R

Fig.1 Effects of PQQ-Na; supplementation on heart MDA content (A), heart carbonyl group
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154

155

156

157

158

159

content (B), hepatic MDA content (C) and hepatic carbonyl group content (D) of laying hens
% 5 Al %0, 0.12 mg/kg PQQ-Nay 4100 IF GSH-Px G ME B 2 T 0 A4 E R E A
(P<0.05), [AHFIEEE =T 0.04 F10.08 mg/kg PQQ-Na 41 (P<0.05). SxtHRZLAHLL, 0.04
mg/kg PQQ-Na, HAZEA 3 E 4.0 ) T-SOD i 1t R E 52w (P<0.05), {HAAARYSIN PQQ-Na;
SO ME T-AOC T E Fm (P>0.05). 0.08 mg/kg PQQ-Nax ALAT I T-AOC &2 i T X F 21
(P<0.05), H544E%K E AMEAL PQQ-Na, AL R FH Z 7T (P>0.05). ARSI PQQ-Nas %if

JFAE T-SOD v 14 76 8 2 52 m (P>0.05).

5 TARRES N PQQ-Nag X7 S Co JIE AN FH BT 4L FE B (1 5 i)
Table 5 Effects of PQQ-Na, supplementation on antioxidant indices in heart and liver of laying hens
XHHE AR EA PQQ-Na> 41 PH
IH Ttems Control group  VE group PQQ-Na groups P-value
0.04 mg/kg  0.08 mg/kg  0.12 mg/kg
Lol Heart
0.51+0.09 0.52+0.08 0.58+0.08 0.53+0.07 0.51+0.08 0.541
T-AOC/(U/mg prot)
S B AL 687.60+77.50 609.31+58.34 543.59+44.97 571.28+35.02
516.80+68.89° <0.001
T-SOD/(U/mg prot) a ab be be
A H o A AL G
5.81+£0.61° 5.50£1.15° 6.08+0.83° 6.30+0.47° 7.86+0.70? <0.001
GSH-Px/(U/mg prot)
JFIE Liver
0.97+0.09* 1.13£0.12*  1.09+0.12®*  1.18+0.10? 1.08+0.08 0.035

T-AOC/(U/mg prot)

SIS AL 284.35+22.22 282.95+30.15 281.58+46.30 293.79+31.27 264.10+45.12  0.059
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162

163

164

165

166

167

168

169

170

T-SOD/(U/mg prot)

A e o A Bl
3.08+0.56 3.29+0.15 3.14+0.49 3.51+0.35 2.81+0.59 0.134
GSH-Px(U/mg prot)

2.4 TARRESIN PQQ-Nay Xt/ HE X ML 3 AL AL FE A (15 0

e

TR N PQQ Nay 2 JE J5, 0.08 A1 0.12 mg/kg PQQ-Nay ZH M4k 2 E 413 CRE &

IIH

BEART AR (P <0.05); 1t4h, 0.08 A1 0.12 mg/kg PQQ-Na, A1 UA S EBEZEET
SHEZH (P<0.05), 565 12 AR, % PQQ-Nax LI 3% CRE & & &% m T X4 (P<0.05),
ME4E4ER EHATLREESR (P>0.05). I 24 I, SA9MK ALP 3G LL & ALB #
UA & 52 %) PQQ-Nay NI {52 520 (P<0.05). Hd, % PQQ-Nax LI ALP iR
FET X RAMYEER B4 (P<0.05), {H# PQQ-Nax A LR 25 (P>0.05); 0.08 Fl
0.12 mg/kg PQQ-Na A MK ALB & EH A 4EE R E 4181 0.02 mg/kg PQQ-Na 41 5. 3
T (P<0.05); 0.12 mg/kg PQQ-Na 411K UA & & 52 & T HAL K4 (P<0.05).
6 ARSI PQQ-Nay X 7™ H % Ifi 5 A= AL 845 1) E M

Table 6 Effects of PQQ-Na, supplementation on plasma biochemical parameters of laying hens

XHIRA dEREA PQQ-Nay 4 P1a
IiH Items Control group VE group PQQ-Na groups P-value

0.04 mg/kg 0.08 mg/kg 0.12 mg/kg

2 JH Week 2

R

D>\
Z@T

AST/(U/L) 201.33£2491  209.67+25.92 209.5+20.58 211.83+25.06  208.67+13.98 0.941

>

S

i)
&

ALT/(U/L) 20.00£5.15 28.20+6.02 25.67+4.89 26.00+£5.93 27.40+9.34 0.310

B Mk B B B 689.50+4211.00 608.804225.13  614.80+164.84 612.83+139.00 515.80+78.23  0.606



ALP/(U/L)

g2 & OH

TP/(g/L)

H # H

ALB/(g/L)

I I

GLU/(mmol/L)

AOE o R

TBIL/(pmol/L)

il T

CRE/(umol/L)

R iR

UA/(pmol/L)

212 i Week 12

>
=
|

PR R

AST/(U/L)

>
=
5|

R

ALT/(U/L)

=
B

B B R

ALP/(U/L)

g2 & OH

TP/(g/L)

H # H

43.97+£9.25

20.13+6.11

12.50+0.65

2.75+1.48

7.17£1.942

109.00+£12.79%

220.50+26.07

3.50+1.38

43.17£3.13

15.17+0.75

45.34+9.46

18.82+2.00

12.2240.71

2.9241.40

5.5+1.76°

129.60+29.75%

211.33+£29.64

4.00+0.63

1042.50+215.78 963.33+418.25

44.83+3.31

15.50+0.84

44.42+6.16

20.2833+2.63

12.29+0.88

2.50+1.10

5.67+0.52%

127.67+23.56®

212.50+13.52

3.50£1.05

746.17+£152.53

45.33+£3.39

15.83+1.47

43.92+2.58

20.10£3.55

12.13+0.87

2.80+0.73

5.00+0.63°

155.40+11.63*

221.00+£32.07

3.17+£0.98

44.64+6.74

18.65+1.92

12.14+0.58

2.15+0.67

4.83+0.75°

148.83+25.722

205.33£27.65

3.83£1.17

626.50+201.57 728.00+£257.41

43.50+3.39

15.00£1.10

44.80+3.27

16.50+1.87

0.998

0.880

0.906

0.793

0.031

0.021

0.833

0.699

0.061

0.750

0.293



ALB/(g/L)

I I

GLU/(mmol/L)

AOE o R

TBIL/(pmol/L)

il T

CRE/(umol/L)

R iR

UA/(pmol/L)

12.63+0.27

2.67+0.84

37.17+2.78°

140.17+45.80

25 24 i Week 24

>
=

PR R

AST/(U/L)

>
=

W

ALT/(U/L)

B 1k B R

ALP/(U/L)
s & B
TP/(g/L)

H & H
ALB/(g/L)

G
GLU/(mmol/L)

A a R

220.33+£23.04

3.83+0.75

462.50+£56.72°

52.80+4.76

42.17+0.75¢

12.18+0.74

2.98+0.33

12.28+0.61

2.87+0.18

47.3745.92°

172.67+42.80

219.00+18.53

4.00+0.89

445.80+£83.67°

51.00+4.47

42.83+0.98¢

12.33+0.79

3.68+0.48

12.88+0.65

3.35+0.39

51.50+4.00?

134.50+28.13

201.83+11.27

3.50+0.55

262.17+65.33°

53.50+7.01

45.17+1.72¢

12.53+1.07

3.42+0.49

12.5740.48

3.17+£0.23

47.98+4.25°

127.33+47.63

221.83+15.03

3.67+0.82

284.83429.78%

51.67+4.50

57.33+2.81°

12.50+0.56

3.40+0.38

12.80+0.69

3.18+0.46

49.12+4 .46°

172.80+42.50

212.83+11.00

3.50+0.55

269.50+64.13°

53.33+3.56

91.204+4.49°

12.18+1.32

3.42+0.42

0.410

0.133

0.001

0.226

0.233

0.709

0.001

0.887

0.001

0.941

0.114
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172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

TBIL/(pmol/L)

N Fi
CRE/(pmol/L)  22.12+6.55 19.68+4.48 21.80+6.43 22.95+6.35 21.48+5.86 0.911
IR L4

UA/(umol/L)  183.17423.42° 183.50+20.74>  197.17+7.99*  193.60+£13.01° 230.33+11.60°  0.001

30w

3.1 TARRES I PQQ-Nay X = 8538 A 7= M B Al &5 i i IH 52 i)

PQQ RN KA MEFMLTHE FRE T LA RRERZ PQQ IALS TR,
AW B/NRAEKIRSE . RE . BHEAL R T, ANRERAE A IRES, %0 PQQ
STETHPERERIAE KR E B SCEER: H 2/ R A R, AR ERF] PQQ IE FR1E
FAUST, ARR86 7, RIS E] PQQ LA E Xt = SRS IR0 4 i A = P R A= 35 521 . PQQ
MR E IR, WA BRI A KOIRES TR R PQQ & 5>300 ng/gl'. A AT
7 PQQ 7£ 0.19~7.02 ng/gl'¥. 1AM /N MRS, AT RERDEAESME I PQQ, A
R PQQ BhZ o KT/ HMS PQQ I 7 2 B Al R AR 4y B IR R IARIE

FE PR RN B 8oy ST R BRI S, (EL I AR SRR (1 o, AR RN B e S B B

bR M. REFINAIRY], RN PQQ-Nax 6 J4 J5 A §2 i 19 B 5 iF dh

pi

i

(EH
T ARG FCBAAT ) R, (HARIR TR K ARIG 45 R E M, 1Ak 0.08~0.12 mg/kg
PQQ-Nax 24 JiJ5, REME R ~EEH (50 ) XSEMIA KA. PQQ-Nay X ik i
B (W SR B PR S AR R (R R A 06 BRARER L S SR A 1.5%~3.5%, HEE
PUE TR E A MmN, RIS, ORANE A R S N O R A AR R % i
WA ORUST, PQQ-Na % 838 o 5 (¥ e 4 FI A FT BE 5 L S kLR TR L (ke AR A

Ko PQQ M 2 KNS Sl MR BE A RLAR A R A, G Al R RE R ARIRTO200, e A,
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211

I TR T RESZ BXG EEPUAEOIRS IURZ R o B TR, SRR QAT S AR IR A )

)

MDA #8558 FUH ORI, TR IR I B S8 AL 77 RE A% 5 s X BRI e ER BT, AR 25 fh #7301
I B AL P2 B2, RIS, % PQQ-Nap 412K # MDA & B4 #5 f IR 41 1 25 BRI,
T-AOC MIHext FRUL R T B AR o). ik, PQQ-Nay Xof £ 175 Joi & 1 e 3% 1 F 4 T g
5 R G
3.2 ARSI PQQ-Nag X 7 B RS HT A IR ZS (152

MDA FIHRIE AR P B e B0 LA 22 ANV sy R 88 115 T 7= A 1 g o R0 2 1 o it
A, RN ARG R R AR S . PQQ BAT SR TRE, AT SR . 4B

T BRI AN Y T SR S B B A R E (K A2, ARG R, GO EATATHE MDA

P

B PQQ-Nax U INE HI I N2V FRAK, Tkt & B QIEH R I Ik N EEs, 1#
7N PQQ LA I H LN . b4k, PQQ W SHUE LR =4, HY SR N AL B
WRE ST, TR A = AR B PQQ IS I K Ji M 41 400 i v 7 A Bl 204 12, 4R
HEOR AL FE T A2 40 (PC12 4l hHtf b BERIEHER, A RS AT LR Y, PQQ
A3 3 VA S A ) Wl A 8 AR OS2 AR R SR R - 1 a(pge- 1o A Nrf2-ARE {5 5 38 B8 59 0 47t
ARG, DT B 28 A It XS B AN g ma ), AXEe ARSI 0.04~0.12 mg/kg
PQQ-Nay XJ /= HR MG I oL JIF A0 JE 5T S8 AL B RV A AR AR FE 520 . AT L, PQQ-Nay
R0 A I BE AR B XS P [ E R (5 Bk, 30 L VRN L R 47 A B 0 AN TR E 1
B . AR SEHL Y, M TARGUALEETEPR, PQQ-Nay I EAINE A —F. MR
K PUEAERE A MDA &, TR PQQ-Nay M LR IIE Ty 0.08~0.12 mg/kg; MRAEAF
WP AL BV M, TR PQQ-Nay VRN 0.08 mg/kg, WINEAN 0.12 mg/kg B4
PUAALBETE M F REas  FFE MDA & 8 FE1HR PQQ-Nax VRIS (3G INZR LA, KI5
SRR A AT RS S PQQ I HABSTE AL OC, FEARMMHIIER . Akaike Z20HRIE,

PQQ AEFRALHL T8 B pi it 5, B RE R A R, HIERRAE T 58 T FAbK A MESU LR Cln

Yz C. BREH K. JRESE) o I, PQQ-Nap i nl Gbilid IEEGHL A R G K IEPU AN
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234

Hs xS i A s A AR BAT T 1E

3.3 TAARENIN PQQ-Nay X7 HTAS I 3¢ A= AL AR b FRI 5
JEFHE AR B B 2 39 2 e PR R AE N AR AT e AL MR A 12 223 P o 19K AST. ALT. ALP

SE IS RO 1 BE S W T JIE 20 D 52 453 195 0 b 7™ AR o ALT AT AST =5 S84 - 40 g S /K 7%

(4

R o BRER LA, MK 2 b S P 0 T i o SRS AR IR 4 e P 375 e 3 i 0
FLARE 15 . CRE A NUA iR LR I A ARAR =4, AR E IR, 25 /R 385 HE
R4k, MK CRE & #7840 e 7 /NRIIEILRE 1. UA BREFEEEERRWMMLT=Y, K
LY DR e R T 1 P47 B 0 R R 1 R PR PR FEE o 2 BT A B 0T P9 7= B I A A AR b
AR A B0 AT, I3 ALP 31 52 1R PQQ-Nao ¥R N ) i 25 5400, 76 35 RBE R [7) s A8
i —3. TR PQQ-Nag VR I 568 Ho A4 4 11 5 WA (U FE e — SR A B[R] ik 3 S8t 7K1,
WX W (28 2 &) 0.08 Al 0.12 mg/kg ZH 112K CRE & & Z K T4, 755058 12
JE I S S 3 v T IR A, RIS S 2 R 0.08 A1 0.12 mg/kg PQQ-Nap LM% UA & &
o} HR A 5 2 T, T AR ARG B 12 JE B U 5 0] B A TG B R e, i AR UG 2R 24 J BT 0.12 mg/kg
PQQ-Nay 41 AT HRAL B Th i o MR AE AR bR 1A R 224k W PQQ-Nag 521 (18
BPPE, BEAh, 3G RSB B AR (0 AR AT RE R I8 R R AR (AR FR AR E R A I SR R 2 —
ALP & [RBLFFIER 05 IRV B 22 4R hs, B IR K & U2 Mt e Bedh, ALP
TELEVIR N S BEARHI AN S HZUh MRS EEAER, SaMMERKKE BT,
H ALP V& P4 7 )35 S SRR T 6 R i A AL I ALP W PR, HL 5 B B R U S R 1
FUAHSE R R, ARG, AR 0.04~0.12 mg/kg PQQ FAAIK 7 3% ALP W&k (55 24
J&), A SGE A Je W B A M TR o I b ALP V& R 7 BN UL SR v 4 2 oA A
B DR S AAHORES, I H AR S S T ESe R a M A A R R T 116 BRI, (H

ALP JEPE AR 5 5 PQQ Y B2 78 it B A JSIE 7 1t — AT 9T
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252

253

254

255

256
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@ TAFE N 0.08~0.12 mg/kg PQQ-Naa Xof 7 MG ALk BEAN ML 3¢ = LA FEAR EA R

@ TN 0.04~0.12 mg/kg PQQ-Nay 1] ({038 /= F XS 7 2k Jig A 1) & 7 i B A AR 52 T i

PLZS I N 0.08 mg/kg B 2R fclif
@) TN 0.04~0.12 mg/kg PQQ-Nay 1] B35 /= B XS 1) IfiL AN ZH AP A AARAS, LA I

F4 0.08 A1 0.12 mg/kg RS
@ ZEE AR E SR, PSR PQQ-Nax I& BN 0.08 mg/kg.
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Effects of Pyrroloquinoline Quinone Disodium Supplementation on Performance,
Antioxidant Status and Plasma Biochemical Parameters of Laying Hens
WANG Jing YANG Linlin ZHANG Haijun WU Shugeng QI Guanghai'®
(National Engineering Research Center of Biological Feed, Key Laboratory of Feed
Biotechnology of Ministry of Agriculture, Feed Research Institute of Chinese Academy of
Agricultural Sciences, Beijing 100081, China)
Abstract: The current study aimed to evaluate the biological safety of pyrroloquinoline quinone

disodium (PQQ-Nay) for laying hens and investigated the effects of dietary PQQ-Na; levels on
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laying performance, egg quality, plasma biochemical parameters and antioxidant indices. (Method)

Five hundred and forty 25-week-old Hyline Grey laying hens were randomly divided into 5

groups with each group consisted of 6 replicates of 18 birds each. The laying hens in the 5 groups

were fed 5 experimental diets with 0, 0.04, 0.08, 0.12 mg/kg PQQ-Na; and 200 mg/kg vitamin E,

respectively. All hens were fed the diets for a 1-week adaptation followed by a 24-week trial

period. The result showed as follows: 1) diet supplemented with 0.04 to 0.12 mg/kg PQQ-Na; did

not affect the performance of laying hens (P>0.05). 2) Compared with the control group, the

Haugh unit was significantly increased by diet supplemented with 0.04 to 0.12 mg/kg PQQ-Na;

(P<0.05), and the eggshell thickness was significantly increased by diet supplemented with 0.8

mg/kg PQQ-Na, at the week 24 of trial (P<0.05). 3) Compared with the control group, the

activities of plasma glutathion peroxidase (GSH-Px) (week 12) and total superoxide dismutase

(T-SOD) (week 2 and 24) were significantly increased by diet supplemented with 0.08 and 0.12

mg/kg PQQ-Nas (P<0.05). 4) Compared with the control group, diet supplemented with PQQ-Na;

at 0.08 mg/kg significantly decreased the content of heart carbonyl group and significantly

increased the hepatic total antioxidant capacity (T-AOC) (P<0.05), and diet supplemented with

0.12 mg/kg PQQ-Nay significantly decreased the hepatic malondialdehyde (MDA) content

(P<0.05). Above results indicate that the supplementation of PQQ-Na; at 0.08 to 0.12 mg/kg in

laying hens’ diet do not have negative effects, but can enhance the laying hens’ antioxidant

function. The suitable supplemental level of PQQ-Na; in laying hens’ diet is 0.08 mg/kg by

comprehensive considering of the influence factors.

Key words: pyrroloquinoline quinone disodium; laying hens; antioxidant; plasma biochemical

parameters; egg quality
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