R e R o ok 0 1 2 5 R 2 R T R AR P S
oopRt BRI KBZET E & B Bk BRE?

CLAE MR B R FORT, LR EY RO B S ORS %, AR &
FLREWH L, JEET 1000815 2 Ab5t mi ARG 5 E HEuh, b5t 100081)
WO AR B EHE TR NG (MO) Rl (FO) X 2 5 A iy BRI LR AN 2R o
CBEEE S EAAD 1R, DU @A™ & & —F SRR (DHAD XS SR AR .
B3 18 e R IR AR ES 6302, BENL AT, Bl EE, FHAERISA
3o S BEZH AR BRI AR CAEIZM MR DHAD, R84 AMOFIFO 23 Jil /F ADHAYE AN 135
2.70. 5.40 mg/gffIDHA, HHMORIME N0.25% 0.50%F11.00%, FOUIIE ANEIN.08%-
2.17%M14.34%. FOAMIRE, IEs12/. S5REY: D AR HAERRE, ETE
L EIFREUN KA T E 2R (P>0.05); RE4)E, 1.35 mgkg DHALLE A5 &
# = 1T2.70H15.40 mg/g DHAZH (P<0.05); RER8JE, SXHEAAMLL, {50 4H E o B
FIHE (P<0.05). 2) f#fr28d, BAHMEMENA —H (MDA) SEEREER (P>0.05);
BE & A7 (R 2B K, BREMDAS B ET A (P<0.05). 3) fiff14d, MO QAL
51 T FOZH(P<0.05); fifi 1714 d, DHAUEAIZR 7K 1) B AR RN 2 e S e J 2 (P<0.05),
MO 5 H i BE FEDHA VS Ik~ Fh i1 Fr sy, FOA 2 1 v B2 BE DHAVS I 7K1 T iy 2 30 56 7
i Ja B KE S fEfF7M28 d, FOABIEBIE 3 m TMOH (P<0.05). 4) HxIHAMLL,
TR INAS R R IEFI K FDHARY 2 # 48 S R B8DHA . o-ERRIR . — FBR UG IR . S A EAN
JEWIR . o-3Z AMBAAENTER (PUFA) &8 (P<0.01), HFO4 R m MO (P<0.05),
% 2.2 F#{f0-6 PUFA/w-3 PUFA{H (P<0.01). 3$EDHAUUFRLZ FEDHA TR IN/KF T+ & i i)
BERL (P<0.0D). Zil, EARKFMAT, HFEDHAFNKYT, FOEMOMEREfLitE
HDHAMUUR, HEI/KFR1.35 mg/ghf DHADURUSR & -
SRR M i, DHA; EER; DIURRCER; &Y

F11E5r2K5: S816

TR NHKEER  (docosahexaenoic acid, DHA)ZE —Fo-3 Z 51 1K BE 2 AN A0 g 1 B2

Yocks H#: 2017-10-16

HETH: K& HAE RIS EIA (CARS-PSTP)

e T R (1993, 4, WWRIGIA, BERFF, MR aw e R o
5T. E-mail: maplega@163.com

EEERE RBEE, R, WiEAE S, E-mail: wushugeng@caas.cn; K%, FIWFIT L,
i+E S, E-mail: fowlfeed@163.com



(PUFA), & KM EENGEYRZ —. -3 PUFA BEF%a- TR (ALA). B
MR (EPA) %5, fERRBRAR & & R AE S Mo T i R4 EEAE D, DHA B0 300
AR, TR AT O IR, LA G BENLARE, S JORE S, o RBP4
KA = B AR - H AT ZEPT 76 10 DHA £ 247 2 Rk, — 2852 5 & DHA YR,
niRdE . il (fish oil, FO). S, PLLE & DHA s 8. I %,
AR S ALA IYIB, WSERRFF . SRTRFAE,  FEAA P9 AR IS K B 1 F T e
N DHAP). {EAw-3 PUFA ISR, I I 17 0K 0-3 PUFA &, ERg@E L1
MG IS 0-3 PUFA &, #MFE ARG To-3 PUFA UL . BRI S,

(microalgae oil, MO) J4r 5 —, M H PR IR VT HAh R R b . Bk, 19
FEr b 78 FORRIEEAIIS) BEdtg ek 3 DHA & & o {HAR WA A R DHA 7KF(¥) MO
A1 FO of B X i i BT R R 28 S S 00 PO 100 o DRI, ARS8 7 i D 7 20 TR 7
H[H DHA 7K-F i) MO Fl FO, #£% 2 Fh DHA J5%H 808 & 85 IR i BR DU R R T B (BE RS
AR g, LADNAEF= 8 & DHA 3SR .

1 MRS
L1 RIS 5 AR

IR 31 ARANL RIF . P2 E R EAL M 228G 630 R, BEHL A 7 ANH, B4
6AMNER, FAER 15 Hig, xHRAFEERAER AR E DHAD, RI41LL MO fi
FO £ >4 DHA 870 1.35. 2.70 f1 5.40 mg/g ] DHA, " MO #INEAN 0.25%- 0.50%
F11.00% (2l DHA & &4 1.1, 2.4 il 4.1 mg/g), FO BHINEN 1.08%. 2.17%F1 4.34%

(SEJ DHA &84 1.1, 2.7 M1 45 mg/g), REF I ILE 1. MO W H E 1] &0k B4
AHBRAT, FO M E ML RSEARA RA R, SEill DHA & #4379 543 #1125 mg/g.
FHRS RS, SR OSEZERRE) (NY/T 33—2004) Fefhl, FLALR & E /K7 W3k
2, FRWTRRALR WL 3.

1 R

Table 1 Experimental design

A5 Groups

TiH Items
1 2 3 4 5 6 7

DHA ¥ fii7k°F DHA
1.35 2.70 5.40 1.35 2.70 5.40
supplemental level/(mg/g)




M Microalgae 0il/% 0.25 0.50 1.00

Fi Fish 0il/% 1.08 2.17 434

22 R E TR AT 26D

Table 2 Composition and nutrient levels of the experimental diets (air-dry basis) %

205 Groups

WiH Items

1 2 3 4 5 6 7
J5 8 Ingredients

Tk Corn 55.45 57.18 56.55 55.82 55.75 54.88 51.20
FH Soybean meal 27.47 27.49 27.63 27.44 27.40 27.20 26.61
#2#k Wheat bran 1.00 0.90 1.00 2.00 4.00
W Microalgae oil 0.25 0.50 1.00

a3 Fish oil 1.08 2.17 4.34
FEREH Palm oil 4.20 3.20 3.20 2.90 2.50 1.80

Fi¥r Limestone 9.00 9.00 9.00 9.00 9.00 9.00 9.00
1 NaCl 0.30 0.30 0.30 0.30 0.30 0.30 0.30
DL-EA MR DL-Met 0.09 0.09 0.09 0.09 0.09 0.09 0.21
AR Lys 0.13
R Z4S CaHPO, 1.00 1.00 1.00 1.00 1.00 1.00 1.00
TR Premix? 1.46 1.46 1.46 1.46 1.46 1.46 1.46
PLEAb7 Antioxidant?) 0.03 0.03 0.03 0.03 0.03 0.03 0.03
AR Zeolite powder 0.24 0.06 0.39 0.07 1.72
4t Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00
HF#/KF Nutrient levels®

TR ME/(MJ/kg) 11.49 11.49 11.49 11.49 11.49 11.49 11.49
HEAM CP 16.81 16.81 16.81 16.81 16.81 16.81 16.81
5 Ca 3.37 3.37 3.37 3.37 3.37 3.37 3.37
AR AP 0.33 0.33 0.33 0.33 0.33 0.33 0.33
HEIR Met 0.36 0.36 0.36 0.36 0.36 0.36 0.44
AR Lys 0.89 0.89 0.89 0.89 0.89 0.89 0.89




AP A R

Met+Cys

0.65

0.65

0.64

0.65

0.65

0.64

0.65

DIR AL N T 7tk 3 A4t Premix provided the following per kg of diets:VA 12 500 IU, VDs 4 125 IU,

VE 151U, VK 2 mg, #iffl4% thiamine | mg, % # % riboflavin 8.5 mg, Z R4S calcium pantothenate 11 mg,

JHER niacin 32.5 mg, MM EE pyridoxine 8 mg, ZE#Z biotin 0.5 mg, MF& folic acid 1.25 mg, VB1, 0.02 mg,

Mn 65 mg, 11mg, Fe60mg, Cu8mg, Zn66 mg, JHFE choline 1000 mg, FHERESF phytase 300mg, /it

1 montmorillonite 1 000 mg, FERERTFRY) yeast culture 10 go

D EM T ATtk Rt Antioxidant provided the following per kg of diets: £ JE Mk ethoxyquin

150 mg, VE 100 mg, A% E; tea polyphenols 50 mg.

IR REFNE R AT HAE, H 4 A9NE. ME and AP were calculated values, while the others were

measured values.
R 3 URIENIRRA S TR
Table 3 Fatty acid composition of experimental diets (DM basis) mg/g

TiH 215 Groups

Items 1 2 3 4 5 6 7
C12:0 0.31 0.34 0.29 0.34 0.28 0.28 0.33
C14:0 0.51 0.47 0.60 0.66 1.12 2.24 3.27
C15:0 0.03 0.05 0.08 0.13 0.10 0.22 0.36
C16:0 24.47 19.46 22.39 19.47 18.61 20.60 14.59
Cle:1 0.15 0.12 0.16 0.19 1.7 2.46 3.82
C17:0 0.09 0.09 0.13 0.16 0.16 0.31 0.44
C18:0 3.08 2.39 2.68 2.29 2.56 3.21 2.80
C18:1 n9¢ 28.87 21.94 24.50 20.93 20.61 21.20 13.00
C18:2 n6¢ 24.39 21.56 23.06 21.93 21.95 23.09 20.92
C18:3n3 0.32 0.41 0.63 1.05 0.44 0.84 1.24
C20:0 0.06 0.27 0.31 0.28 0.30 0.38 0.39
C20:1 0.16 0.13 0.14 0.13 0.28 0.52 0.81
C21:0 0.02 0.02 0.02 0.02 0.04 0.07 0.12
C20:3n6 0.0 0.02 0.04 0.07 0.02 0.05 0.08




C20:4 n6 0.0 0.04 0.04 0.07 0.15 0.33 0.50
C20:5 n3 0.02 0.02 0.03 0.06 1.13 2.79 4.51
C22:0 0.03 0.13 0.13 0.18 0.13 0.17 0.16
C24:0 0.17 0.15 0.17 0.18 0.30 0.57 0.76
C22:6 n3 0.03 1.09 2.37 4.14 1.13 2.73 4.55
C24:1 0.01 0.01 0.02 0.05 0.05 0.11 0.05
AR SFA 28.75 23.37 26.81 23.70 23.59 28.03 23.23
Z KW R s bR 25.88 24.10 26.95 27.62 25.81 29.03 30.61
PUFA

©-3 £ Mg B iR 1.49 2.49 3.81 5.56 3.70 5.56 9.10
o-3 PUFA

©-6 2 AL A B 1R 24.39 21.62 23.14 22.07 22.11 23.47 21.51
-6 PUFA

-6 2 AL B 1R 16.36 8.69 6.07 3.97 5.97 422 2.36

lw-3 2 A A0 i s R

-6 PUFA/w-3 PUFA

1.2 fAFREH

ISR R =2 ARG TR, [0 3 K, RN 5 2 HEH AT, 8 G IR BRI B 52
HHSREMYOK, BRI THE (16 h/d), JelBERE 20 Ix, & (20£2) C, #
TR 50%~60%, H SR8 XS AN A 4 Tl K BTG S 2 Ik, BERVEEE 1 IR, Wk,
FERMERE 3 YK (08: 004 13: 00 A1 18: 00), & 1 K. RIEHHAMA 1 &, FlHH 12 A
1.3 WE fe b5 42
1.3.1 XS5 5

WIREE 4. 8 F1 12 AR, MELFEHLE 3 A&, WEEMLH. KH SONOVA H i i
H 2143 #T4% (Egg AnalyzerTM,Orka Technology Ltd.) M/ E . IKEAHEE . M5 KALL,
EWPUE; R /M (Egg Force Reader,Orka Technology Ltd.) | 5€ 2R 7e5® % &5t
JEEENEIX (PEACOCK P-1, HAD) MlEHE7TIERE; S&HFEEIEI (Egg Index Reader,
Fujibira Industry Co., Ltd.) W& ELIEH. TS0t 2E. ERMEESHRE, 7

NGl g a8



1.3.2 A7 3ING 2t ot

w56 12 AR, REEH 9 ME, 378 M, FREJFCREREE, H4 C. MXRE
65%, &Ik 7. 14 F128 d J5, Z3 il WlsE A R AA I [R] R /K 38 XS BT . 0 BS AR B IR AR R,
RAEHHNEE, —20 ChifF&H.
133 fEfFHIEE A 8 (MDA) &&=k

HAFF—20 CHEHE, KHAMMAELZE (TBA) %E HE MDA & &, ek
V) P 7 R B R AT

HIGE B B 0.1 mL EEFEN, 4.5 mL KB, FERBTEA (s R
HABRAF)D 60Hz ¥ 120, 4000 r/min £5.0» 10 min, H_FiE 0.2 mL M2 MDA & .
134 AR, IR A A

TR A 2 ACIR, B (100£100 mg FEdh, #2215 mL B2 H B, KU 2 mL
IEC KM 1 mL AR, PRI 4 mL AT | S OBIRE. JRSIAES), 80 C/KIE 2 h.
AHMEE, I 5 mL 7%EM, HwIZES, 4000 r/min &0 10 min, BEZ50H7.
] GC-450 AR AL CREFH XA IR AT, K Agilent DB-23 14} (60 mx250
umx0.25 pm). ZSAEA, THRE 1.00 mL/min; & 1221E 5 280 C; #EFELIRE 270 C;,
FEFPETHE: 100 C4E%F Smin J5, PL4 C/min JHRZ 240 °C, #iEEE 1.0pL. ECHEA
TEVE, BERERT S S IHYE 3 K.

B 12 K, REEE 2 M, %58, EES, K. B (90100 mg EFME
AT RE TR ARSI, A4S0 7 V2 [ AR v g 7 R A U 792 o
1.3.5 " DHA JIRUSE

WRIERIELL, HEED DHA PR, AN

DHA JIFR#E (%) =100x1 kg W&+ DHA #/4 7 | kg @A DHA &;
1 kg A2+ DHA &=1 000x ZE 3 50x (1 — 314 TR K FO < E  DHA /KT (mg/g);
477 1 kg WEE K DHA E=1 000x<k}E L <Ti# DHA /K°F (mg/g).

1.4 giitothr

A6 5 R ] SPSS 19.0 b — MR MR (GLMD &P #EATIR 74347, % DHA
VBRI B 1) 5 RN K ELAE BN HEAT %2 70 77 22531, R A Duncan IRVEREAT 2 5 LU BURI AR
FIAHSR AT, BEIKFON P<0.05, R KFN P<0.01, 45 R P IEAFRHERER .
2 HRET
2.1 AN[A) DHA Y5URIES 07K 108 348 2t ot B4 S



HI3R 4 WA, AR DHA Y8 7K B AR RSN H 5% J5 B AN AT 48 038 0 . 3 R i
(P>0.05); %5 4 JEIK}, EFEHE %2 DHA JAK T B BEAE N2 52 (P<0.05), MO 41

W oR BRI B N 25 TS EIHES, FO HE%THEE TRE&EH. B 4 JHR,
M FCPLAL RN R A 1 % 52 DHA K T2 2 3% (P<0.05), 1.35 mg/kg DHA #4053 /=T 5.40
mg/g DHA 21 (P<0.05), 7E2F 8 il 12 AR S A LR EZR (P>0.05). 2 8 AR, S5XFH
ML, Frfi DHA AEREGIGEYEETHE (P<0.05), ANF DHA . Ik &I HAE
RIS H B TG X 2 A (P>0.05) s SRFREE 55 8 J I 52 DHA 7K-F 520 12 % (P<0.05),
2.70 mg/g DHA 4l , ©& & T 1.35 mg/g DHA 41 (P<0.05), 55 12 J& N & 4108 & # 15
HLEZEZES (P>0.05. 4L, KRBFMET, BREIREAL. HAEE, HERSEMEE
FaEAh, ARSI DHA SIS 4 IS 2R P 3 Ath i 5 G S5 e
2.2 AN[E DHA JERTA ISP 6 g A7 2 36 MDA & & 1520

& S AlHl, 6647 7 Ml 14d, EHE MDA & &5 DHA WI/KFR 2% (P<0.05),

=iy

o

5.40 mg/g DHA 41 % MDA & & %% & T 1.35 mg/g DHA 4 (P<0.05); fifF 7d i, 7
4B MDA &8s fififr 28 d, #4lAEE MDA S EZRAEE (P>0.05). HK6
AA1, 53 MDA & f B DHA ¥ I/K-FROINm g m (p<0.01>, 7 4l : H3 MDA &
o i A N T R T AR S 25 G (P<0.01).
2.3 N[E) DHA V5RTER 7K P05 i A7 S0 2 it Jo 1) s
H1% 5 W %0, DHA Y5, 707K B H BAR RN 0 AN R A7 IR (XS 2 2R KR . R PR EL
TRFELI (P>0.05); fififF 14 d i, PSRN DHA YR AR B 25 (P<0.05),
MO M5 K A7 2 3% = T FO 41 (P<0.05), {HAig A7 28 d i iy [ H A0 2% 4 8] OC 2 25 52 il
(P>0.05). fifif¥ 14 d I DHA AR DK EAE SOSN8 H v L RS2 2 2 (P<0.05),
MO A8 B & BB K- TH s i@ dn ok s, i FO 2 8 e B R s 0 ) B 1 0 SR LS T
GBS 28 d I, SHEA®ELEEZER (P>0.05). ifff 7 M1 28 d K, FO
HPEHPIEEEF T MO 41(P<0.05), AN DHA 7R IN/K X 85 3 i (6 76 &35 50 (P>0.05)
H3E 6 AT, BEGEAFRS IR, XOEIOKE ., RPN E S S8 (P<0.01),
ne I RN B 1 R AR R PRI (P<0.01). MWEEAMEFIIGE, 3 AMKEMEERmT 74
(P<0.05); 7 EAEEREMT XL, 3 40/ 4 4 (P<0.05), EHFIO 5T X g
M1 H (P<0.05),
2.4 N[A) DHA VEFIA 07K 2 0 g IR 2 42 R 2 B P 5 )
FH# 7 7%, 23 DHAEPA & &5 DHA YR AN 7KF f BLAE 80852 ma i 55 2% (P<0.01).



FO #153 DHA. EPA S &EEE &S T MO 4 (P<0.05), HBEERMER N, &3 DHA.
EPA & B2 EH IN(P<0.01).7 415 % DHAEPA & B & i1, 4 i T HAR 41 (P<0.05);
ExTHRAAM L, &40 51 DHA & &0 235 1 183.01%.286.10%- 363.32%- 231.66%-
290.35%- 410.81%. P ALA 7 5 bl A 055 S Ak 228 (P<0.01).

W AR IR (MUFA) 52 DHA i W8 I07K-F- S BAE OB 2 AR i 2 (P<0.01),
MO 4 &3 5T FO 41(P<0.05), H.FFE AN N, 2538 MUFA & B i) &35 18 (P<0.01),
7 HEETE MUFA & &AL B R TXIA (P<0.05). &7 PUFA &5 DHA . N
K B HAEZGBERE IR 2 3% (P<0.05), MO H &3 =T FO 4 (P<0.05), HBHA& &g,
3 PUFA & & E N (P<0.01), 5.40 mg/g DHA 4047t 1.35 1 2.70 mg/g DHA 41
BEINT 9.28%F1 16.79%, 4 41 PUFA & & &m, W&m THMEA (P<0.05).

H3E 7 FI A, B w-3 PUFA & &85 DHA U5 IS I07K-F B BAE RURE 52 B I 25 (P<0.01)
FO HE# 0-3 PUFA S B EF & T MO 4 (P<0.05), 540 mg/g DHA HEZE & T 1.35 M
2.70 mg/g DHA 41 (P<0.05); 7 #Ho-3 PUFA & &, HLXTHEZHEE N T 363.80% (P<0.05),
4 -3 PUFA & & X IRZAIE N T 267.71% (P<0.05) . F#w-6 PUFA & &5 DHA J§iY
WA 2 2% (P<0.01), MO 41835 TF FO 41 (P<0.05); 5 41f1 7 HE K w-6 PUFA & &
FRTXRAL (P<0.05).

©-6 PUFA/w-3 PUFA {H73Z DHA Y. WK & BAEB 20 22 (P<0.05), FO 4
# ¥ w-6 PUFA/0-3 PUFA {H & (KT MO 4 (P<0.05), H.Fifi 25 s in s &3 il 2 2 PRI
(P<0.01), 7 -6 PUFA/0-3 PUFA {E&A%: Sxf A, w564 E 5 0-6 PUFA/0-3
PUFA fH 35 Z K (P<0.05). HIE 1. B2 a7%0, XS DHA YRR BE 7 075 &2 34

MREE T (P<0.01),
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4 NIE) DHA JEFT 07K T X0 38 2 i 1 5
7K Supplemental IV
27 Groups SKiE Sources
levels/(mg/kg) 7 HAE
TiH PR iR P-A RGN KR
B 1A] Time/ /& Supple  Interactio
Items SEM P-value SEM Source
1 2 3 4 5 6 7 WEEm MO faih FO 1.35 2.70 5.40 mental n
level

4 42.41 41.96 38.97 40.36 38.40 42.74 38.86 0517 0.081 40.43 40.00 40.18 40.86 39.61 0.515 0.679 0.617 0.020
EHeIRE Eggshell

8 42.97 40.97 44.70 40.32 41.96 42.01 43.12 0.586 0.529 42.00 42.37 41.46 43.37 41.72 0.668 0.778 0.459 0.252
strength/(N/cm?)

12 42.82 41.77 43.82 43.31 40.82 41.08 41.83 0.406 0.362 42.97 41.24 41.29 42.45 42.57 0.444 0.061 0.442 0.702

4 0.38 0.36 0.36 0.37 0.37 0.37 0.36 0.027 0.283 0.36 0.37 0.37 0.37 0.36 0.002 0.611 0.659 0.279
R Eggshell

8 0.37 0.38 0.37 0.37 0.37 0.36 0.37 0.009 0.304 0.37 0.37 0.37 0.37 0.37 0.001 0.059 0.269 0.595
thickness/mm

12 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.002 0.919 0.38 0.38 0.38 0.38 0.38 0.002 0.661 0.894 0.470

4 1.31 1.33 1.32 1.31 1.33 1.31 1.30 0.004 0.431 1.32 1.32 1.33 1.32 1.31 0.004 0.553 0.101 0.900
440 Egg index 8 1.33 1.34 1.32 1.34 1.34 1.34 1.33 0.004 0.871 1.33 1.34 1.34 1.33 1.33 0.004 0.740 0.638 0.431

12 1.34 1.34 1.33 1.36 1.36 1.34 1.34 0.003 0.235 1.34 1.34 1.35 1.33 1.35 0.004 0.681 0.188 0.122
W IGHLAT Haugh unit 4 87.51 90.01 87.06 87.32 89.52 85.96 83.69 0.588 0.068 88.04 86.39 89.781 86.51% 85.50° 0.593 0.147 0.017 0.534

Table 4 Effects of different sources and supplemental levels of DHA on egg quality



EHFE Albumen

height/mm

HEHI Egg yolk

color

B R Egg yolk

rate/%

12

12

80.95

85.76

25.78

26.26

25.77

82.73

84.68

6.8

8.11*

7.89

25.84

26.03

26.17

84.21

83.65

7.69

7.24

7.02

6.72

8.61°

7.94

25.58

26.95

25.87

79.34

84.34

24.68

26.72

26.56

81.99

85.51

6.84

7.41

6.94

8.67°

7.78

25.72

25.97

25.75

81.32

83.27

7.47

8.4

8.40

25.64

27.13

25.98

81.69

87.97

25.16

26.01

26.29

0.822

0.534

0.076

0.126

0.092

0.128

0.103

0.086

0.143

0.144

0.164

0.846

0.281

0.066

0.536

0.123

0.110

<0.001

0.363

0.290

0.132

0.854

82.09

84.22

25.34

26.57

26.20

81.67

85.59

25.51

26.37

26.00

82.36

85.09

8.16*

7.03

7.38

6.88%

7.83

25.78

26.00°

25.96

82.76

83.46

7.59°

6.95

6.95

6.81°

25.61

27.04

25.93

80.52

86.16

7.67°

6.75

7.49

6.07°

8.27

8.25

24.92

26.37%

26.42

0.949

0.580

0.068

0.128

0.097

0.135

0.083

0.089

0.161

0.149

0.191

0.824

0.249

0.390

0.503

0.374

0.897

0.581

0.440

0.665

0.517

0.616

0.595

0.178

0.003

0.648

0.071

0.037

0.476

0.123

0.085

0.025

0.503

0.534

0.363

0.852

0.257

0.287

0.605

0.159

0.600

0.745

0.470

0.848

FAT R B s A NS P RN 2R B3 (P<0.05), MFE/NG PRSP RRRZERARE (P>0.05). TR,

In the same row, values with different small letter superscripts mean significant difference (P<0.05), while with the same small letter or no letter superscripts

mean no significant difference (P>0.05). The same as blow.

*5
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Table 5 Effects of different sources and supplemental levels of DHA on egg quality at storage period



415 Groups

K& Sources

A IN7KF Supplemental

am

levels/(mg/kg) KF HAE
JiH P st P b R b/ 31 Suppl  Inter
i) Time/d
Ttems SEM P-value T 13 SEM Source ement  actio
1 2 3 4 5 6 7 1.35 2.70 5.40
MO FO al n
level

7 135.18¢° 160.39b¢ 184.352b¢ 226.74% 142.19¢ 194.260¢ 234312 8.111 <0.001 190.49 190.25 151.29¥ 189.31% 230.53% 7.121 0.987 <0.001 0.674
A % MDA in

14 193.06 226.19 228.68 266.96 222.33 235.63 298.71 11.320 0.072 242.41 255.96 224.59Y 23215 282.83% 10.382 0.377 0.046 0.132
yolk/(nmol/mL)

28 217.73 230.65 247.79 271.58 258.12 272.64 305.82 10.070 0.307 250.12 278.86 244.36 261.35 288.70 10.767 0.250 0.263 0.984

7 0.27 0.26 0.24 0.25 0.27 0.27 0.28 0.006 0.609 0.25 0.27 0.26 0.25 0.27 0.006 0.093 0.708 0.719
J/KFE Water lose

14 0.65 0.58 0.49 0.63 0.64 0.57 0.31 0.012 0.170 0.57 0.60 0.61 0.58 0.62 0.018 0.375 0.082 0.406
rate/%

28 2.09 1.86 1.86 2.04 1.93 2.09 1.95 0.036 0.397 1.92 1.98 1.89 1.97 2.00 0.014 0.417 0.597 0.287

7 81.63 79.29 83.80 80.76 78.38 77.26 80.59 0.701 0.222 81.28 78.74 78.84 80.53 80.68 0.666 0.066 0.464 0.120
WA LA Haugh unit 14 77.63%® 78.10 78.76% 81.90° 75.73b¢ 76.99: 71.89¢ 0.729 0.01 79.59 74.85 76.91 77.88 76.89 0.710 0.002 0.814 0.044

28 76.37 75.39 74.29 72.40 732 73.92 74.59 0.527 0.516 74.03m 73.90" 74.29 74.10 73.50 0.616 0.920 0.860 0.359
FEARE Albumen 7 6.96 6.59 7.18 6.67 6.31 6.57 6.59 0.087 0.150 6.81 6.49 6.45 6.88 6.63 0.084 0.061 0.136 0.423
height/mm 14 6.27 6.01 6.36 6.92 6.16 6.50 5.22 0.141 0.052 6.43 5.96 6.08 6.43 6.07 0.145 0.116 0.521 0.019




FEgit Egg yolk

color

& 5% Egg yolk

rate/%

28

28

28

6.04

8.11

8.00

8.27

26.18

26.57

28.41

5.93

8.00

7.91

8.32

26.87

26.34

28.22

5.76

7.94

8.5

8.54

27.53

26.75

28.47

5.57

7.94

8.25

8.71

27.08

26.99

28.57

5.55

8.33

8.17

8.75

26.25

26.83

26.68

5.64

8.33

8.25

8.79

27.33

26.79

28.69

5.72

8.38

8.67

8.93

26.55

26.54

27.15

0.065

0.074

0.105

0.072

0.156

0.177

0.229

0.338

0.440

0.522

0.079

0.124

0.978

0.108

5.76

7.96"

8.22

8.52n

27.16

26.70

28.41

5.64

8.35m

8.36

8.82m

26.71

26.72

27.51

5.74

8.17

8.04

8.53

26.56

26.59

27.45

5.70

8.14

8.38

8.67

27.43

26.78

28.58

5.64

8.17

8.46

8.82

26.81

26.77

27.86

0.074

0.085

0.118

0.061

0.163

0.197

0.246

0.446

0.029

0.562

0.020

0.173

0.956

0.074

0.866

0.988

0.328

0.180

0.098

0.905

0.181

0.347

0.965

0.497

0.753

0.853

0.628

0.274

Table 6 Effects of different supplementation level of DHA and storage time on egg quality in storage period

6 AN[F DHA AT AT I )X 77 J3 X6 8t ot (0 5200

TiH Ttems EW N % MDA RIKE W G Haugh EAE®E Albumen EH I Egg yolk color HEH IR Egg yolk rate/%
in yolk/(nmol/mL) Water lose rate/% unit height/mm

23 Groups

1 179.884 1.00 78.542 6.432 8.120 27.05

2 203.17¢4 0.90 77.59% 6.18% 8.08° 27.15

3 218.66b¢ 0.86 78.95° 6.432 8.33% 27.58

4 255.09% 0.98 78.23% 6.39* 8.30% 27.55

5 205.70< 0.95 75.76° 6.012 8.42: 26.58




6 234,18 0.97 76.06% 6.24% 8.46% 27.61
7 279.612 0.95 75.69° 5.84> 8.66% 26.74
S IN7KF Supplemental K HAiE
i H 203 Groups FrifEiR P KIF Sources PRt iR K
levels/(mg/kg) 7 Interact
Items SEM P-value SEM Source
1 3 4 5 7 WO W fad FOO 135 2.70 5.40 Supple ion
fEF7 I} A Storage time/d
7 182.49Y 0.267 80.24~ 6.70 8.15Y 26.83
14 240.32¢ 0.60¥ 77.28Y 6.20¥ 8.25Y 26.69
28 259.01% 1.98% 74.31% 5.75% 8.61* 28.03
SEM 4.885 0.013 0.356 0.055 0.049 0.107
P1{H P-value
T Diet <0.001 0.105 0.044 0.036 0.029 0.052
A7 1E Storage time <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
PR < it A7 I [ 0.986 0.606 0.050 0.050 0.897 0.510
Dietxstorage time
27 ANIF) DHA J5AIES 0K P08 25 36 AR 17 R 5 e AR 2 R Py 52 P (740 Jo B Al

Table 7 Effects of different sources and supplemental levels of DHA on contents and composition of fatty acids in yolk

(DM basis)



MO mental
level
ZA ZERNHEIR DHA/(mg/g) 2,59 7.33¢ 10.00¢ 12.00 8.59¢ 10.11¢ 13.23 0.508 <0.001 9.78" 10.65™ 7.967 10.05¢ 12.62¢ 0.089 <0.001 <0.001 0.005
o-TEJFRAR ALA/(mg/g) 0.96¢ 1.01¢ 1180 1.57° 1.06° 1.25° 1.54 0.037 <0.001 1.26 1.28 1.03% 1.22v 1.55% 0.013 0.347 <0.001 0.275
Z AR EPA/(mglg) 0.12f 0.15° 0.36° 0.52¢ 0.82¢ 1.48° 3.01° 0.152 <0.001 0.34" 177 0.48¢ 0.92¢ 1.76* 0.021 <0.001 <0.001 <0.001
PORMAIARTER MUFA/(mg/g) 162.75° 160.02¢ 151.65° 141.41¢ 145.97¢ 133.40¢ 132.27¢ 1.812 <0.001 151.03™ 137.21" 152.99* 142.53¢ 136.847 0.500 <0.001 <0.001 0.008
ZARMAGIFR PUFA/(mg/g) 52.30 52.20° 57.82° 64.71° 52.27° 56.56 57.42° 0.789 <0.001 58.27m 55.38" 52.287 57.13Y 61.06* 0.535 <0.001 <0.001 0.022
-3 ZARMAIRNIE -3 <0.001
3.848 8.48" 11.54 14.12° 10.48¢ 12.86° 17.812 0.642 11.38" 13.72m 9.487 12.21¥ 15.96* 0.084 <0.001 <0.001 <0.001
PUFA/(mg/g)
-6 ZARMAIRNE -6 <0.001
47.80°0 4717 47.03 47.65 40.79% 43.59% 38.94¢ 0.752 47.28m 41.11n 43.89 4531 43.30 0.581 <0.001 0.369 0.196
PUFA/(mg/g)
-6 ZAHIENIR/0-3 ZAMH <0.001
12.46° 5.57° 4.08¢ 3.37¢ 3.90¢ 3.39¢ 2.19¢ 0.505 4.34m 3.160 474 3.73Y 278" 0.063 <0.001 <0.001 0.013

JEWiER ©-6 PUFA/®-3 PUFA
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3.1 AN[E] DHA JEURIES K1 %o 48 2t o 64 S

ARSI 5 2 BB FER T, 0.5% ) MO S 82 5o 2 35 5E BT, AHIT R R W], ENg ]
KL IR0 1.35. 2.70 A1 5.40 mg/kg ] DHA (755K FO M1MO) , 45 4 B, AJRER
7 AR EN R (4.34%) , WEXGHUE A —E N T EL 5.40 mg/kg DHA 405 [
AN SR ELT 1.35 mg/g DHA 4, Ak, BEEERRNFFER, &40 ZERIE
W Ko B8 8 JAIR, HiRIe B R e TR, R IIGR R 78 MO I FO {R23EB
FHE D RAEEFPUIR, X5 oSO g R — 8 (AHE R RN 5%
FO Xf BB O AT W3 a7 MRS IR, 10 Ak 30T v e SO 00 2 1 35 o Jo TG Y 3%
SO, XSS I AGE R 45 R — 3. SalehPIEFMR RN 1.25%. 2.50%. 3.75%F1 5.00%
(¥ FO Asgmi S fadl. BOmpE . S IaEommg IR hr, SARIE R —86 Hl 3.75%
HEREEREm TRBH. SEHRE, 5EMAMEE, FO RRIKLT HR/EEP, 3%FO MK
Hoe RN, AT B RR PE  BE 4EE R Ds DURBE TR RIS, Fhrb A
BEL D SR AL T R0, BT AR R A b DHA o 00 28 J5 FE RS2 Sl o BN TR
#h 75 DHA 2B 2S5, MR iE— B,
3.2 ANIF] DHA VEATR K5 A7 3 25 3 MDA 2 & (15

DA I N AN YR A S 3 3 ) AR MBI 4 Ak 70, Sl R kb SE DHA, RTEE
'EVIIE DHA. F#{iKo-6 PUFA £, BSR4 DO RROFF 3], FOU4IY Tt i 22 3 MDA
B, (I 3% LA Tk R W B R TR AL, H 4 CHEAFE 304, SXJIRA
AE R E Z R, KIS KRR, f#fr 7 M 14d i, HE MDA & &% DHA i
IZKSFREm 25 s figf7 28 A i, #%-4H1H] MDA SRR % %= R . 3R IR g A7 i (B a1,
HULE B MDA &3 R F N, R A (A B ol A A s %
3.3 ANIE DHA VS A 07K X5 fifs A7 08 B ot o FR) 5 0

KRG LER T, A7 28 d, AL [N AN S (1 B B 22 5%, (B kA7
o ) 10 2 A s DR AT R 1 v BE RS R o P ERRL7 Eh Rk B P v R AR TSI A9, RS 1
st P AU RIS B ) i 7 B ) S5 35 S e BT, e PR DK U RS B rp B 1 o s BRI EELIS),
AARIG T, i 7 BT T X ¥ B v MG TR RO R S 2, HLBA G i A7 B ) S KX B A R
SAAL L AR R BEN T RRAIG, T PR i A IR T A7 7 — R B AR R
3.4 AN DHA VEANES D075 8 3 i 17 8 25 H A1 2E B S i)

SR H IR TR AL RS AR U R AL B 3 AR G181, AR 14~15 d J5 &85 DHA PR EIA



FFaEts0l, (A 4 f, AR IERTE & -3 PUFA 1 JE0RHER 2 38 I & 3 -3 PUFA
5 &, H DHA 2RS5BT T 83 rh 2L AR i\ 60 g/kg 71 (11%EPA H1 9%DHA)
ffisE " DHA 1A ZI5E4L 150~200 mg, EPA & &1k BEEHL 40~60 gV LR 4 AR I 1.5%
A1 3.0%FO, ¥ H DHA (5 IRITER 1) 2.43%M1 3.16%22;  0.5%F1 2.0% 1) MO & & 3 #4
InEFE  DHA & & (18 #1131 mg/g), DHA MYPTA B, LRI 22 Mk FIZH 2k
(231, ARIWF LR, & DHA. PUFA fllo-3 PUFA & &1 58 DHA 78 7KV T & i A 2
EWm, b7 4T DHA & & &k 13.23 mg/g, ©-3 PUFA & & 17.81 mg/g. A
I, AHIE DHA ¥ In/KF, FO 47 DHA JiUE ST MO 41, W HE2 RN FO 4iaR
HAMY & DHA, H EPA 45, EPA TEES N4y DHA DA T b . e 1
FWFN7E MO F1 FO {233t 7 E 3 Hw-3 PUFA UL, [FIIFBEKEE 35 0-6 PUFA/0-3 PUFA
H, AT E BRI BRZH AL -

MO ' DHA EZ ANH I =EE% DHA (TG-DHA), WL 50%24, & DHA it
R BB PR T DHA VRN (R38N PR A, PR iR I 1% 2% 3% 2458 A B
Kyt , TInEEIE 2%E T DHA & B A 4R E8nes); RGN 1.5%M 3.0%H) FO (w-3
PUFA & &34 0.462%F1 0.924%), H#o-3 PUFA JUR R A8 22%F1 18%, FK W
T 7 B AR OB R R 126, AR A 43 SR I 5% 10% (0.076%A1 0.152% o-3 PUFA) 4
PABEREE, -3 PUFA YRR N 25%F1 20%4. B SR, (EEAGTR 7N 1.2
mg/g fo-3 PUFA fi S it R i m . RIS 7E DHA W IN7K-F4 1.35 mg/g I &5
DHA VIR w50 A R 8.
4 4 ®

O R4 R ITMOFRIFOMH R I h (ARSI Bimiy. mKph, HAmE, &
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Effects of Microalgae Oil and Fish oil on Egg Quality and Yolk Fatty Acid Deposition of Hens
LONG Shuo' WU Shugeng'* QI Guanghai' ZHANG Haijun'~ WANG Jing! MA
Youbiao! YANG Linlin' YU Zhenjun

(1. Key Laboratory of Feed Biotechnology of Ministry of Agriculture, National Engineering
Research Center of Biological Feed, Feed Research Institute, Chinese Academy of Agricultural
Science, Beijing 100081, China; 2. Beijing Municipal Agricultural Machinery Test And

Identification Promotion Station, Beijing 100081, China)
Abstract: This experiment was conducted to investigate the effects of dietary microalgae oil (MO)
and fish oil (FO) on yolk fatty acid deposition and egg quality (fresh and during storage period) of
hens, with the aim to provide basis for the production of docosahexaenoic acid (DHA) enriched
eggs. Six hundred and thirty Hy-Line Brown laying hens of 31-week-old with similar laying rate
were randomly allotted into 7 groups with 6 replicates per group and 15 hens per replicate. The
laying hens in the control group were fed a basal diet without adding exogenous DHA sources,
and the other six groups were fed the basal diets supplemented with either MO or FO at three
different doses of 1.35, 2.70 and 5.40 mg/g DHA, and the supplemental levels of MO were 0.25%,
0.50% and 1.00%, while the supplemental levels of MO were 1.08%, 2.17% and 4.34%,
respectively. The feeding trial lasted for 12 weeks after 1 week of adaption. The results showed as
follows: 1) at the end of the experimental period, eggshell strength, eggshell thickness, egg shape
index and Haugh unit were not significantly different among different groups (P>0.05), the
albumen height in 1.35 mg/g DHA groups was significantly higher than that in 2.70 and 5.40 mg/g
DHA groups at the end of the 4™ week (P<0.05). Compared with the control group, yolk color was
significantly increased in experimental groups at the end of the 8" week (P<0.05). 2) No

differences were found for malondialdehyde (MDA) content in yolk among all groups when



stored for 28 d. The storage period resulted in significantly linear increase of yolk MDA content
(P<0.05). 3) MO groups had a significantly higher Haugh unit than that in FO groups when stored
for 14 d. And after egg stored for 14 d, the interaction of DHA source and supplemental level
showed significant effects on albumen height (P<0.05), and the albumen height was increased as
dietary DHA level was increased in MO groups, while the albumen height was initially increased
and then decreased as dietary DHA level was increased in FO groups. The yolk color in FO groups
was significantly higher than that in MO groups when stored for 7 and 28 d (P<0.05). 4)
Compared with the control group, dietary different sources and levels of DHA significantly
increased contents of DHA, a-linolenic acid, eicosapentaenoic acid, monounsaturated fatty acid
and ®-3 polyunsaturated fatty acid (PUFA) in yolk (P<0.05), and which in FO groups were
significantly higher than those in MO groups (P<0.05). Dietary different sources and levels of
DHA significantly decreased the ratio of ®-6 PUFA to ©-3 PUFA (P<0.05). The DHA deposition
efficiency in eggs was extremely significantly decreased as DHA supplemental level increasing
(P<0.05). In conclusion, compared with MO, FO is more effective to enhance the DHA
enrichment in egg yolk and the 1.35 mg/g supplemental level has the highest deposition efficiency.

Key words: microalgae oil; fish oil; DHA; egg quality; deposition efficiency; laying hens
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