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Performance, Meat Quality, Fatty Acid Content and Blood
Biochemical Indicators of Sheep
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Abstract: The objective of this experiment was to investigate the effects of soybean cake substitu-
ted by oil cake of flax seed in diet on the growth performance, meat quality,fatty acid content and
blood biochemical indicators of lambs. A total of 24 F1 Dorper X Small Tail Han sheep (5 month
old, (264+1) kg) were randomly selected and equally assigned into 4 groups according to the pro-
portion of flax cake substituting soybean meal (0, 1/3, 2/3 and 1) :control group (CK group),
treatment | , [[ and [[. The experiment lasted for 60 days. The result showed that; 1) There

was no significant difference in average daily gain between treatment groups and CK group (P>
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0.05). Compared with the CK group, the feed to gain ratio of group [l was significantly declined
(P<C0.05). 2) There was no significant difference in carcass weight and net meat weight between
treatment and CK groups (P>>0.05). The dressing percentage, net meat percentage and longis-
simus dorsi (LLD) muscle area of group [l were significantly higher than those in control group
(P<C0.05). 3) The flax cake substituting soybean meal in diet effectively declined intramuscular
fat content(P<C0. 05), whereas the pH, water holding capacity and cooked meat percentage were
not significantly altered(P>>0. 05). 4) The flax cake substituting soybean meal in diet signifi-
cantly increased the content of C20:5N3 in LD muscle(P<C0. 05), and had no significant effect on
saturated fatty acids, monounsaturated fatty acids and polyunsaturated fatty acids (P>>0.05). 5)
Contents of TC, LDL and activity of SOD were not significantly different between treatment and
CK groups (P>0. 05). The contents of TG in group | and [l were significantly lower than
those in CK group (P<C0. 05). The content of HDL in group Il was significantly higher than
that in other groups (P<C0. 05). The contents of UREA in group [l and [[[ were significantly
lower than those in group CK and group [ (P<C0.05). The MDA content of group [l was sig-
nificantly lower than that of other groups (P<C0.05). The activity of CAT in group [l was sig-
nificantly higher than that in other groups (P<C0. 05). Dietary substitution of soybean meal by
flax cake can reduce feed to gain ratio and improve the growth performance, reduce blood lipids
and improve sheep antioxidant capacity. Therefore, oil cake of flax seed can be used as a protein
source of sheep feed, the optimal substitution rate should be more than 2/3.

Key words: oil cake of flax seed; sheep; meat quality; fatty acid; blood biochemical indicators

RR o DR PR JBR 5 2 T 5+ Rl e e 22—
SRR B SR 7 00, B E WIRR 32 X O R e
TLHR VS BB L LTS e T AR L Herp
L PG 48 1 Rk 7™ X AP 7R R st LA b s XA B 22 1
XML, 2015 4F %44 WIRR I AR 83. 52 1w . A"
6. 3 JT M. W JRR 3 T W RR < £F WD IRR R 2T 3
WIORR » FL B0 AR S 4 ™ i AR R W GIED SRR BE CRD 7
BRI 2 S RRORF JBE A0 o8 07 RS KGR A
JBE E % 38 A RETE TR A R 45 B IR I AT LR R A
ZhWIIR B A W o3 R s T - IR 07 R A i B A
it o U HCAE ARG I 5 077 T T, L R A
R P . BEAh B RRDPHLEE A R L AT AR
SRR IR . R WRRDE S A BUE SR I T
AEETE Y 2 2 S B B e AR
DR It M) T 36 P AR

AT I AL A XN R 3 2% 308 2R D BE 5T R
G BAERTTE HAR R DL — 5E L 491 8RR DF A2 280 %)
A A PR PERE LA i TN D TR R M AR AR AR AR
1 S 0 5 Sy 3 JRR D 1) 45 B P 2 (4L 2 K 30

1 #Rl5F%
1.1 KSR EF0H S
AR T 2016 25 H 22 H—8 H 1 HEIWLA

AWM A B ZFEGIRG I T, KR
70 d, H S 10 4, 60 d.
1.2 RKEiET 5

RIGREML LR 24 X 5 H il K HE (26 £1) kg,
LV TN R[S DN EoE S o/ /A= SR T RO
KD R BE AL I B350 4 4l xRl
(CK, ACEGHD e T 4 /3 U EHD Gk
1120 (2/3 AR R A T 21 e R SR .
1.3 RKWHR

RIS H KRS % NRC(2007) ik H 25 kg, H 4
300 g - d "HAFEE T E G AATECH M
T L ARG AR fgfE DR oK B R GOk
FERRDE . 1250 H ORI 8 4R G W0RL H KL, H O
B TR IR 1,
1.4 AFEE

E T S o TR SR P S L S O
0.8 mX1.2 m, P4 038 56 2 #E 4T 0K R L 43 4.
GiF BB H T LA 08:00 5N 16:00 faliE 2
W EAEAN . FrA RS A R B VHOK BRIESE
o (ORI ERA N
1.5 HRFXEREREN
15,1 KM 1E R 0 A R AT S A R
14 IR} B A RDRL L O TR R AR SR 1 .30 A 60 K
SRS VAT AR L e AU . IR A S LT



1262 OB OE ¥ W 18

#1 RBARARTERKAE B KL 7 B 5y 5 i

Table 1 The dietary composition and nutrient level % 1.5. 4 JilA Ijzj BE Wi g & & /ﬁg 7Té Fi Ther-
W H Item CK T 1l ll| moFisher Trace 1310 ISQ S #H (& ii% & 3% BE F A %}
¢ A, Ingredient GE SN N Ees e N

FKFEFF Corn meal 55 55 55 55 FESH AL T . B 80 ~100 mg HE MDA 15 mL &
FEK Corn 22 22 22 22 OEFIA 2 mL 5% R HREE R, 3 mL S 05
51 Soybean meal 18 12 6 0 B W AL 15 1),100 pL + Jube B2 HY B N s »
HBEBE Ol cake of flax seed 0 6 12 18 T 85 CARBMWTAB 1 h, KRG BHEE
UK Premix 5 5 5 5 i A 1 mL E S 6. 5% A0 2 min J5 . #§f 8 1 h,
43t Total 100 100 100 100 B 23w 100 L HIECBEEZRE 1 mL, 0. 45
HF M4 Nutrient level pm P8I IS AL .

WL & CP 12.52 11.54 10.02 9.33 ERE L& B TG-5MS(30 mm X 0. 25 mm X

HALHE/(M] » kg ')DE
rh VR AT 4E NDF

10.63 10.70 10.46 10.38
45.08 45.24 47.50 48.38

TR VR U 4T 4 ADF 25.93 25.26 27.73 28.15
£E Ca 0.37 0.37 0.40 0.39
WP 0.23 0.26 0.27 0.26

BT s PR AHZ A i 40 mg Bk 600 mg. 4] 260 mg. % 750
mg. Bt 680 mg.fifi 15 mg. % 10 mg,. VA 117 000 IU,VE 180
U, 4 fLRE R 3 ME AR S 2 e

Per kilogram premix contains: 140 mg, Fe 600 mg, Cu 260
mg, Mn 750 mg, Zn 680 mg, Se 15 mg, Co 10 mg. VA
117 000 TU, VE 180 IU. Digestible energy is calculated

value and others are measured values
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Table 2 Effect of replacement of soybean meal by oil cake of flax seed in diet on growth performance of sheep

Wi H Ttem CK 1 II Il

W& /kg IBW 27. 9542, 04° 26.53+1. 20° 26. 1540, 72¢ 26.46+0. 79

K #E /kg FBW 41, 88=+0. 95° 43.00=+1. 30° 42.10+2.67¢ 38.66+1. 86"

&4 /kg BWG 13.93+1.15% 16,4741, 62¢ 15. 9541, 94¢ 12.204+1. 99"

FHHME /(g d ) ADG 232.08419. 12* 274. 44429, 45° 265.83+32. 39" 203.33433.27"

FHHRER/ (g d ') ADI 2 014.91+124. 05° 2101.124138.69° 1 807.152124.09 1 534.744138. 69"
BELL F.G
[ 47 5 A [F A7 NS i R 2 B B E(P<0.05)  MAFHERERARE . FER

Different letters in the same row means significant difference between treatments(P<C0. 05) , same letter in the same row means

8.65+0.60° 7.7040. 89 6.80+0. 75" 7.57+1.00%

not significant difference between treatments(P<C0. 05), The same as below

2.2 HRHPHRHBERENNBFEEEEDN IR o 3% 2% % (P>0.05), 5 CK 44
A FE L 3 T 2L fr 4 PR 38 3 4 3 9. 26 06 (P<<0. 05) 4

e 3 AL CK 4. T 4L 1T 40 (0 5 Ri % T 1
BEETFTIRE M4 (P<<0.05), & 41K % 2 MW &
B FHNEH LR EZR(P>0.05, 5 CK 4.k
WAL, KBRMAMEERSNEERS T

MRS T4l I 2 [R50 I 4 A CK 4l iy i A 0
25 (P>0.05), a6 141 A HR LT AR 25 &
F CK A5 1 40 (P<<0. 05,56 I 41 F £ 4
Z IR TC i 2 25 % (P=>0. 05) ,

8.61%.7. 71 % (P<C0.05), ik | 454 H 2
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Table 3 Effect of replacement of soybean meal by oil cake of flax seed in diet on slaughter performance of sheep

i H Item CK 1 Il I

SEH G # /kg SBW 38.5040. 65° 38,4740, 59° 39,4542, 43¢ 35.7641.49"
JIil {4 5 /kg Carcass weight 17.1340. 42° 18.034-0. 99° 17. 6841, 27° 17. 4640, 83°
%4 /kg Net meat weight 11. 3140, 16 12.1940.70° 11.8640.98° 11.64+0. 86°
JB 52 %/ % Dressing percentage 44. 4840, 76" 46.90+3, 01" 44. 8542, 44" 48,3141, 34°
BN 2/ % Net meat percentage 29.38+0.23" 31.7042. 06 30.0941. 89 32.1041.70°
HR WLTE AL/ cm® LD muscle area 11.39+0. 87" 12.25+1.82° 13.23+2. 34" 14.44+0.96*

2.3 HRDPHERHREEHMCTEEARROZMNE
4 Frw B s W ) pH, A pH, R L 2
HEER(P>0.05, 5 CK QMK T 404t . 3k
90 14 n] B3 Ly (P<<0. 05) , i 58 T 2H Y
Lo (B A 45 4056 2F 22 1) 6 8 3 25 5% (P >0. 05),
ay o ELFE A5 4 B 2R L i 35 25 5% (P=>0.05), X5 I
M by fH R E & Tl [ 4H(P<<0.05), WHZ
24 h# b, H LA .a {5 b (E7EEUE LA #2
Mo G A AE . B8 14 Loy 48
(P<C0.05), 1 CK 41 5355 T 41/ Lo, fH [ & 41
R EM I TR ELES . SRR EN a (E
by B 2 8] 25 S B R W35 (P>0.05), X5 11 41 A
MAWI B EST CKAMRAE [ HP<

0.05) , WBUE B A& R T H 5 /. &K
e A T 3 25 5% (P>0. 05) , {H KA |
kB .FRNOAZBREMEE,. 5 CK AL, %
4 [H) A N 25 5EOR 3 (P>>0. 05)
2.4 HEREFPHHFRESHNINAERNFTSH
=AU

W5 FroR K43 2 i FURL K 43 & i 76 41 1] oK
UL 2 22 5 (P=>0.05), 55 [1 4448 L, CK 41l
WG T 20 Y L & & B B AR T 6. 6600,
6. 6020 (P<C0.05) , 1fij izt 46 [ 4H [R) HoAth 4% 4 AH EL A, #L
EARSRESABEP>0.05), CKHMRITH
HOHLAR I A i 2 v TR R4 A 4L (P<<0. 05) 4 i
B TLZE A Mg 197 2 o d 2 v Tl [T 41 (P<<0. 05)
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Table 4 Effect of replacement of soybean meal by oil cake of flax seed in diet on meat quality of sheep

iH Item CK 1 I Ili
pH, . 6.47+0.76° 6.31+0. 15 6.37+0. 31" 6.41+0.11°
pHain 5.58+0.11° 5.49+0. 13" 5.66+0. 13" 5.48+0. 14°
Ly 31.00£0. 76" 31.8041. 44" 33.60+1. 38" 32.10£1. 49
ap i 10.094+0. 38° 9.61£0. 70 10.9141.91* 9.80+0.92°
by 1, 8.22+0.68" 7.67+0.69" 9.03=+0.69° 8.45+0. 89"
Lo 37.82+2.55" 37.60+1. 71" 39.41+0. 96" 37.2140. 70"
Az 1 12.394+1. 30° 12.2140.69° 12.574+0. 86° 12.73+0.77°
bay, 12.0440. 90° 12.394-0.92° 12.6940. 92 11.93+0. 94°
574] 1 (N) Shear force 28.93+7.25" 24.29+0. 85" 35.38+2. 66 33.37+2.53°
Fk 1/ % Water holding capacity 47.9140. 28° 47.7540.97° 48.55+1. 03 48.9541. 40°
#MPI%E /% Cooked meat percentage 62.64+1.01° 64.09-0.92¢ 64.13+E1.77° 63.89+1.82°
x5 BRPPRFRKBEMNBFINAERFTTNZN
Table 5 Effect of replacement of soybean meal by oil cake of flax seed in diet on routine nutrients of sheep %
i H Ttem CK 1 Il |

JK 43 Moisture 74.55+1.17° 74.8140.78" 74.9943.07" 75.3941.58"
HEHAR CP 19.5541.13" 19.034+0. 54* 18.3340. 48" 19.5440.59°
Mg EE 4.0141.76° 3.7240.23" 2.80+0. 14" 1.904+0. 78°
MK 7 ASH 1.14+0.02° 1.124+0. 02" 1.17+0. 27" 1.11#£0.07"

2.5 HRPHERGREEMNEEESRKUIER
& 28 B, 19 %5 i

W 6 o, H KL Al R O 2 AR ok T 4 5 7
K WLRBE IR & B0 A 3 52 . X B A e 40
W LA A AR R . A R L B R R L AR AR TR
C17 = 1AEHHMBR Fl R 1Y & R L 3% 2= 55 (P>
0.05), I TH. TH. . MAMW T-EREiRE e L E
BT CK 4 (P<<0.05), CK AWM aE D2
Tk 5w [l 2H (P<<0. 05) , M7 i 3 T4 55 [N2H 8] R U I
FHEF(P>0.05), RIGNAL AL+ F bR & &
BEEHT CK 4ARIETL (P<<0.05), RIGTH A
SRR HEERT CK 4 (P<<0.05) X I 140 . 11
HEFHZMEFEICRE %5 (P>0.05), CK A
RIRTAL M C20 = 1 & & 3% & Tl gengl . M4l (P<<
0.05), CK 415 4L Wl iR 7 & 2 2% = 1 ik
Bo1eH 4 (P<<0.05), el 4 = 1A gy C20 ¢
5N3 SR ICEEEF(P>0.05), 7 CK 4 F#MiX 14
KA H C20 = 5N3, CK 41 551141 i) 76 4= 1Y I
fig o i TR T 4L (P<<0. 05), B4R bk
& B B UG TR & A o 35 22 5 (BN IR
A 2H 22 8] B4 76 A D7 2 2 Sk R0 B A AR I 1R
SEYTEF2ZEF(P>0.05, S, CK

AH AN IR | 1 2H B 22 AN 00 07 1R & & 20 o) i 3%
P T 23, 44% .17, 95% F120.88% (P <C0. 05),
PUFA.SFA {H1E4% 41 8] JC i % 2 5 (P>0.05), CK
ZH AR I M4 n-6 PUFA & & 5% 5 Tk i1
4 (P<<0.05),
2.6 HRTPRHFRBEMNEFMNRELIER
B % i

B 7 AR IR A S OB A Bk
BTGP fEXT A F i b E g &2 5 (P>
0.05), CK A AL 1 41 i vE B b =5 ) & &
BEHTRAE IAH. IHP<0.05, REBMHARA
TSR E R T A 3 40 (P<C0. 05) 5 CK 4 AR
Bl HMEPREAM S EEE S TS LA
ZH(P<<0.05), 5% [T 20 1M 37 Hh Ao R 0 o 5 o o 3%
TR 41 (P<<0. 05) s F AP 5 4 4 = W)
222 5 (P>>0.05) . e 11 41 1 4 o s % B2 AR 2R
FL i B 35w T A 3 40 (P<<0. 05) ; CK 4L flik 56
T mBERED S EEES TRl 4P
0.05), 5 [ 41 2o 4 b S0 0% Pk 1 25 v T A 3
2 (P<<0.05), CK 21 H 4 bt H k- 4801k 0 il 0
BEESTRK TH.THP<C0.05) ;5 T 4H 5 H
i 3 ZHAH B 22 5 A8 B 3% (P=>0.05).,
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Table 6 Effect of replacement of soybean meal by oil cake of flax seed in diet on fatty acid composition in longissimus dorsi

muscle of sheep %
I H Item CK T Il il
2% C10 £ 0 0.1140. 02 0.10%£0.02® 0.0940. 02 0.08+0.01"
AR C12: 0 0.064+0.02° 0.084+0. 03" 0.0740. 02 0.084+0. 02
2R Cld: 0 1.7140. 48" 2.2840.62° 1.8940.37% 1.890. 34%
+H AR C15 : 0 0.0540. 02 0.0740.03 0.2340. 05 0.264+0. 05
FERER C16 ¢ 0 21.1040. 80° 21.3941. 36° 21.78+1.07° 21.154+1. 03"
+-EHifR C17 = 0 1.06+0. 20" 1.3240. 34" 1.3340.35" 1.2940.31°
gz C18 ¢ 0 14.9341.42° 14.6243. 25° 13.8942. 46° 13.38+1.19°
AR C20: 0 0.0640. 03" 0.0840. 03" 0.0740.01° 0.0740.01°
FEME MR C16 + 1 1.15£0. 16° 1.2640. 33° 1. 0240, 28 1.0740. 07°
C17 : 1 0.3140.02° 0.3340. 05 0.3840. 03" 0.3240.02°
M C18 :+ IN9C 52.6341.50° 52.9243.81° 52.7342.03° 53.7942. 46°
C20: 1 0.08+0. 02 0.0740.01° 0.0540.01" 0.0540.01"
TR C18 = 2N6C 5.0240., 28° 4.4040. 19 4.6340. 21 5.0040,17°
C20 : 5N3 0P 0P 0.33%+0.01" 0.35%+0.03"
1644 R C20 : 4N6 1.7340. 17° 1.0640. 08" 1.4840.13° 1.2240.11°
M FNg Wi e SFA 39.0940. 87° 39. 9442, 67° 39.3541. 85° 38.20+1. 82°
PR FIRG R MUFA 54.1741.57¢ 54.5841.96° 54,1842, 32° 55.2342.41°
%2 R g R PUFA 6.74+0. 38" 5.4640. 16" 6. 4440, 20 6.6040. 14
PUFA : SFA 0.1740.01° 0.1440.03° 0.1640.02° 0.1740.01°
n-6 PUFA 6.7440. 38" 5.4640. 16" 6.1240. 22° 6.2240. 18"

SFA=C10: 0+C12: 0+Cl4 : 0+C16 : 0+C17 : 0+C18 : 0+C20 : 0; MUFA=C16 : 1+C17 : 1+C18 : IN9C+C20 : 1;

PUFA=C18: 2N6C+C20 : 5N3+C20 : 4N6; n-6 PUFA=C18 : 2N6C+C20 * 4N6

R7 BIRFHRGE XS FE MR E LR E

Table 7 Effect of replacement of soybean meal by oil cake of flax seed in diet on blood biochemical indicators of sheep

Wi H Item CK 1 I i

BHE EE/ (mmol « L1 TC 1.0340. 16" 1.0840.18" 1.1340.21° 0.80+0. 05"
Hih =M/ (mmol « L 1) TG 0.3140. 06 0.2740.04" 0.3340.02° 0.2540.01°
i 2 B IR 7 11/ (mmol + L") HDL 0.6940. 11" 0.7440. 02" 0.9140. 05 0.5740. 03¢
R N E H/(mmol « L) LDL 0.5040.02° 0.494+0. 05° 0.4640.02° 0.444+0. 06
JRZ % /(mmol « L") UREA 7.560. 22° 7.7040.61° 5.690. 29 4.3940.18
P9 %/ (mmol « L™') MDA 4.2340. 23" 4.3140. 13" 4.5340.18" 3.774018"
AL AR/ (U« mL') CAT 28,7841, 83" 28. 684-092" 29.45+2. 53" 34,3341, 33

A W6 H IR-3 A AL P/

966.61+22. 16"
(U e+ mL™ ') GSH-Px

886. 81122, 54" 870.47+37.85" 921.81+3738"

HE A ALY AL/ (U« mL™") SOD 63.3941. 92¢ 67.7543. 30° 64.9942. 88 65. 0842, 23¢
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