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Abstract: We investigated the effects adding cellulase to the starter diet on the production performance, organ
development, muscle fatty acid content, and serum antioxidant indexes of Hu lambs. Twenty-four 15-day-old male
Hu lambs with similar birth weights were divided into two groups: control (12 lambs fed with a starter diet) and
treatment (12 lambs fed with a starter diet containing cellulase at 0. 1% w/v). The experiment had a randomized
group design. The test lambs were lactated with their mothers from O to 15 days of age, and then separated at 15
days of age and fed with milk replacer and kibble in a single pen. They were weaned at 60 days of age, and continued
to feed freely on kibble after weaning. The experiment ended when the lambs reached 120 days of age. The main
results were follows: 1) The body weight, average daily gain, and average daily feed intake of lambs were
significantly higher in the treatment group than in the control group (P<C0.05) at the pre-weaning stage; but
significantly lower in the treatment group than in the control group (P<C0.05) post-weaning. 2) At 60 days of age,
the slaughter rate and lung index were significantly higher in the treatment group than in the control group (P<C
0.05). At 120 days of age, the carcass weight and slaughter rate as well as heart indices were significantly higher in
the control group than in the treatment group (P<C0.05). 3) At 60 days of age, the concentrations of butyric acid,
myristic acid, and palmitic acid in the longissimus dorsi muscle were significantly higher in the control group than in
the treatment group (P<C0.05) , whereas the concentration of pentadecanoic acid was significantly lower in the
control group than in the treatment group (P<C0.05). At 120 days of age, the heneicosanoic acid concentration was
significantly higher in the control group than in the treatment group, and the lignoceric acid concentration was
significantly lower in the control group than in the treatment group (P<C0.05). As lamb age increased, the
concentrations of caproic acid, caprylic acid, undecenoic acid, myristic acid, pentadecanoic acid, arachidic acid,
elaidic acid, and lignoceric acid significantly decreased in the control group; and those of pentadecanoic acid, elaidic
acid, and lignoceric acid significantly decreased and that of palmitic acid significantly increased in the treatment group
(P<C0.05). 4) At 60 days of age, the concentrations of myristoleic acid, palmitoleic acid, heptadecaenoic acid,
oleic acid, vy -linolenic acid, and eicosapentaenoic acid (EPA) in the longissimus dorsi muscle were significantly
higher in the control group than in the treatment group (P<C0.05). At 120 days of age, the concentration of
myristoleic acid was significantly higher in the control group than in the treatment group (P<Z0. 05). From 60 to 120
days of age, in the control group, the concentrations of heptadecaenoic acid, eicossahexaenoic acid, arachidonic
acid, EPA and docosahexaenoic acid (DHA) significantly decreased, and the concentration of myristoleic acid
significantly increased; in the treatment group, the concentrations of monounsaturated fatty acids, myristoleic acid,
palmitoleic acid, and oleic acid significantly increased (P<Z0.05) , and the concentrations of polyunsaturated fatty
acids, linoleic acid, o -linolenic acid, eicosadienoic acid, eicossahexaenoic acid, epoxyeicosatrienoic acids,
arachidonic acid, EPA and DHA significantly decreased (P<C0.05). 5) At 60 days of age, all indexes were
significantly higher (P<Z0.05) in the control group than in the treatment group, except for the malondialdehyde
concentration, which showed no significant difference. At 120 days of age, the values of all indexes were
significantly higher in the treatment group than in the control group (P<C0.05), except for the superoxide dismutase
concentration, which was significantly lower (P<C0.05). These results show that the addition of 0. 1% cellulase to
the starter diet improved the digestion, feed utilization, and slaughter performance of Hu lambs; it promoted fatty
acid accumulation and affected fatty acid composition in muscle, which were beneficial to health pre-weaning, and

improved antioxidant indices post-weaning.
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1.1 &K%t

Aok H 24 RARE AR (5.0+£0.5) kglhy 15
H OB 1 36 2 26 R 58 A BE L BT, 8 0 25 5 20 T
28 OO BEAANAL BZH ), g 20 12 2, %) i 20 1] g T
BBk, Ab B 2R AR R T R0, 100 2F 4 2K I (BN 1 =
10000 U-g ' 1 <C3.0 mg-kg ' #<<10.0 mg-kg ',
B <0.5 mg-kg ") . JF & OB A BC W 2 K B fE
(Medicago sativa) F13E 7 5L (Arrhenatherum elatius) ¥y
i CRPBL ELAR D 3 mm) Jim 55 G Al ) R JEORHE 45 6L,
— R — . T ERIR I FIE IR KCE R 1R o

x1 AFENEFEBREFRKTE(FUREM)
Table 1 Composition and nutrient levels of starter diets (dry

matter basis, % )

JFURHH B Ingredients Lt Percentage

Tk Corn 38.00
K1 Soybean meal 22.20
#k 2 Wheat bran 8.00
B & Alfalfa hay 16. 00
1 ¥ Limestone 1.67
RS CaHPO, 0.78
B NaCl 0.35
IR A} Premix” 1.00
£3t Total 100. 00

327K F Nutrient levels” % 4 Content

Tt Dry matter 92.32
HLFE 4 % Crude protein 17.62
HLUIK 43 Crude ash 8.43
P 4 T 4E Neutral detergent fiber 45.22
TR 1 Uk U £F 4k Acid detergent fiber 15.96

e VR RN A kg AR SR AL . 4E 2 A 120000~200000 TU, 4 A= %
D, 15000~56000 TU, 4 /L % E 400 TU, 4 i #% 300 mg, D-2E# % 0. 3
mg, 4k 15 ¢, 41 0.5g, %7 3.0 g, 46 2. 4 g, 20 mg, Aili 10 mg, 45 200 g, W
20 go PHIR S

Note: "The premix provided the following per kg of the diets: V,
120000—200000 IU, V. 15000—56000 IU, V, 400 IU, niacinamide
300 mg, D-biotin 0.3 mg, iron 15 g, cooper 0.5 g, zinc 3.0 g,
manganese 2.4 g, iodine 20 mg, selenium 10 mg, calcium 200 g,

phosphorus 20 g. *’ All are measured values.



534 B T Bl 2R 3] 2025 4 123
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FLBr . M 153120 H &, W4 5 F 5 RIF R (BR8P 440, 255 A dRE LUK, IF B H i f
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1.3 #ewyRELa T
1.3.1 ARl PRI A O S R AR S SR 15 HIR TG, 15 7 o i MR R LR AT BR
Motf e s FEME R 0P Y B W, AR IE s B H S R I BB ROk AR, DL RS R
P HRE R
1.3.2 VG P AL Fr 0 TZARX A 60 F1 120 H i, 78 H o £ 128 R I BUE iCR iy Jr 0. 1 2R
FORFE 10 mL ML TR N, § B 2 h, 428 20 HL 3000 remin B0 20 min, BUH T, 2025 J5 A7 0T — 20 “Crk
A8, O AE R B 3% 2 AL a0 AR e A W) R BF 5 B BE AT I TE BOA IR 4R AR B R I, O H A S B A R ) (total
antioxidant capacity, T-AOC) ., & #8 & 1k ¥ 5 1k 1§ (total superoxide dismutase, T-SOD) .2 Bt H kit & b 9 i
(glutathione peroxidase, GSH-Px) .1 %A fb & i (catalase, CAT) & 4 S N [ (malonaldehyde, MDA) % # .
1.3.3  JBSTERE A E ARG E A IAE 60 A 120 H iy, REAH I 6 HOA IR R A9 S5 oF S EIE AR E L RS
U DRI B S R AR e AR S BRSO UE FEIDE DG S RO U A R AT E . R
P LR Y Oy i R LT
1.3.4  FERARUAY R A I s 2 i ZIEFBFR, BREFBOS RN 3G T HHR S5 ids, T
— 20 “CHf i, 00 o W05 L PR B R 1 ELAA Oy vk RT DA S 2 il A R I O
1.4 35 HF

il ] Excel 2018 Jz SPSS 26 Xof I i 80415 1k A7 Ak B, SR XA 3% 73 Ak HELAS I 1 000 L SR P T 46 580 A G A %
P o R 45 SR Y AR vE 22 T R R, 2 P<<0. 05 A BN 22 55 25, 24 P<<0. 01 Bh iAo 25 3t i 3

2 BERESH

2.1 FrRMEmid Lt 2 F ARG R

H1 2% 2 808 AT 0, AE 42 .56 160 H kS, 5 %0 BRZALAH H , Ab B4 25 24 R 35 42 1 (P<20. 05) 5 i 3 )5 Ab B 21 4%
H i A i 3 1 5K T X5 B2 (P<<0. 05) o 34 H 34 # 7E I 473 HiT (15~60 d) Ak B 20 & 3% i T X5 B 20 (P<<0. 05) 5
W3 J5 - ¥ H B8 E Bk 84~98 d 22 5 R i 3 (P=>0. 05) 4h, HoAh 45 B Be i B4 ¥ 2 8 FAb B4 (P<<0. 05) . V¥ H
KB R 15~28 d 1 84~98 d 2 F A i 3 (P=>0. 05) 4b, HoAth 45 By Be X FEZH ¥ &8 2% = FAb B4l (P<<0. 05) .
2.2 FTRMAMUGLEFBHTEFBELFTAOY R

HI 2% 31T, 60 H %, 150 41 26 2 J o5 S Ul JUE 48 250 35 8 T X B4 (P<<0. 05) o 120 H %, % B4 i 4 &
J& SRR T R RO IR B0 R A Ab BEAE (P<C0. 05) , Hifth I 8 AR 48 0 B 22 7 (P>0. 05) .

2.3 TFR AR e of e BT A E R R K WA A g B B 4 %

M1 AT 501,60 H %, %t BT S K WU T R L TR W58 1R A 1R 35 b 3 = T AR 341 (P<<0. 05) , T L RE IR b & 11X
TAEFRZH (P<C0.05) ;120 H &, XF BUZH = — b g W 3 5 T AL B2, R 2 U g 25 Ik T b ¥R 4H (P<<0. 05) . Fifi H
BRI, xR O R L — R D S RER T TR AR AR R AR R B A I R B R A (P<20. 05) s kb3
A B AT R A R 3 IR (P<0. 05) , Ifi f il IR 3% T 85 (P<<0. 05) .
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Table 2 Effect of cellulase addition to starters on the production performance of lambs

gl [ i 4b B Treatment Pl

Item Age (d) X 8 2 Control Qb BEZH Treatment P value

K Body weight (BW, kg) W) 4A I Initial weight 5.3240.06 5.3840.08 0.28

15 5.6140. 10 5.7040. 11 0.39

28 6.78+0. 40 7.1840. 43 0.52

42 7.9840. 23b 9.0820. 38a 0. 04

56 10.0240. 17b 11.2440. 36a 0.03

60 10. 4840. 72b 11.4940. 59 0.03

70 15.4240. 37a 14.6340. 64b 0. 04

84 20.1520. 60a 18.5320. 69b 0. 04

98 24.37+0.71a 22.05-0. 55b 0.01

112 28.7340.78a 25.4120.50b 0.01

120 30.1240. 80a 28.66-1. 20b 0.01

-4 H H8 5 Average daily 15~28 85.94-+3.89b 106.73+3. 51a 0.03

gain (ADG, g=d ) 28~42 90. 7142. 64b 136. 39 8. 46a 0.00

42~60 148.2143.19b 159. 77£3. 94a 0.05

Bt 5 R Pre-weaning 15~60 106.522. 09b 124.96+3.13a 0.01

60~70 382.294-16.0la 252.14421.72b 0.02

70~84 337.84415. 64a 277.71427.07b 0.02

84~98 305. 71423, 84 254.52420. 32 0.51

98~112 331.90417. 56a 241.67425. 18b 0.02

112~120 338.31415. 81a 288.124-24. 14b 0.01

Wi 3 )55 Post-weaning 60~120 336.214-15. 06a 256.794-10. 60b 0.01

-1 H R A Average daily 15~28 172.79+12. 88 152.504-18. 47 0.38

feed intake (ADFT, g-d ") 28~42 293.57415. 32a 232.0746.62b 0.00

42~60 565. 244-29. 45a 418. 694 28. 59b 0.03

Bt 5 A Pre-weaning 15~60 319.49+418. 79a 237.97-+10. 78b 0.00

60~70 1025. 484-20. 95a 892. 124-45. 54b 0.02

70~84 1129.29436.17a 1015. 434-28.17b 0. 04

84~98 1274.294:69. 70 1274. 50489. 03 0.10

98~112 1616. 29455. 42a 1359. 76433. 75b 0.00

112~120 1817.924-82. 82a 1439.17-43. 53b 0.01

Wi % 5 Post-weaning 60~120 1225.184-24. 09a 1104. 36442, 74b 0.03

AT RNG FRE SRR 22 5 i 3 (P<<0.05) , EFRERARE T AR FE, T,

Note: In the same row,

below.

2.4 FEMAmAFELIESEEZTRRKRILR

the different lowercase letters mean significant differences (P<<0.05) ,

e, Fe i o BR 049 % v

no letter means no significant difference.

The same

FH2 50 1, 60 B &, X HR 40 75 fie K L5058 R A il vl AR .+ b B M R LI R Ly - R PR L — 1 ik L0 TR

(eicosapentaenoic acid, EPA ) ¥ & i & & T 4b BE 4
TR S MR AL AR VO A TR

M 60 E] 120 H #y , X B B i iR . —

(P<<0.05);120 H#, & wh e =&

o T Ak B (P<<0.05) .

EPA . .+ kN H iR (docosahexaenoic acid ,
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R3 FEMNFMALIBIEZFEREREHEM

Table 3 Effect of cellulase addition to starters on the organ development of lambs

i H 60 H % 60 days old (60 d) 120 H i# 120 days old (120 d)

Ttem % 8 4 Control b P20 Treatment X8 21 Control A PR Treatment
SR & Live weight (kg) 10.48+0.72 11.4940. 59 30.12+0. 80 28.667+1.20
it Carcass weight (kg) 4.46+0.47 4.6340.32 14.0440. 19a 12.6440.49b
J& 5% 3 Dressing percentage ( %) 39.2240.52b 41.3440.43a 48.3940.51a 46.5940. 42b
3% 7 Head weight (kg) 0.844-0. 05 0.8140. 02 1.8040.03 1.7740.03
1 # Hoof weight(kg) 0.3740.02 0.41+0.02 0.76+0. 02 0.75+0. 02
B Sz F Fur weight (kg) 0.964-0. 07 0.960.08 3.4440. 16a 2.86+0. 15b
LA H Heart index (%) 0.54740.02 0.54740.01 0.5040. 0la 0.44+0.02b
HFIEFE %L Liver index (%) 2.45+0. 14 2.73+0.16 2.5940.07 2.37+0.02
LT 45 %% Spleen index (%) 0.1540.01 0.1740.02 0.15+0.01 0.1540.01
Jiff U 45 $X Lung index (%) 1.9140.11b 2.6240. 18a 1.5240.15 1.4740.10
B 45 8 Kidney index (%) 0.5740.03 0.6040. 04 0.3440.32 0.3840.03
MR JIL T 2 Loin eye area (cm?) 7.600.41 7.15+0.51 14.13+0. 33 12.10+0. 82

x4 FERNFMALERBNEEETRKAGMAERBRNZNE
Table 4 Effects of cellulase addition to starters on saturated fatty acids of the longest muscle in lamb (g-100 g™ total fatty acids)

TiH 60 H % 60 days old (60 d) 120 H # 120 days old (120 d) H# Day (D) 4341 Group (G) DXG

Ttems AR ZH Control  AbFZH Treatment  XFHEZH Control kb4 Treatment F P F P F P
RS SFA 45.1847.37 38.67+2.71 40.56=+1. 83 42.07+1.19 0.056 0.820 0.931 0.367 2.385 0.166
TR C4:0 0.70%0.02Aa  0.6140.03B 0.380. 13b 0.40%0. 11 21.947 0.002  0.412 0.541  0.924 0.368
2. iz C6:0 0.27+0. 00a 0.20+0. 06 0.1740.03b 0.14+0.06 10.025 0.016  3.614 0.099  0.829 0.393
¥R C8:0 0.1540.02a 0.1320.01 0.0620.01b 0.1020. 04 19.100  0.003  0.586 0.469  5.069 0.059
% C10:0 0.11240.05 0.04-0. 00 0.100. 04 0.1140.03 1.824 0.219 1.344 0.284 2.853 0.135
ke C11:0 0.1040.01a 0.09-0. 02 0.04-0.02b 0.06-0.03 11.565 0.011  0.004 0.949 1.568 0.251
AHER C12:0 0.1640. 11 0.0840.01 0.060. 01 0.0540. 02 2.886 0.133  1.582 0.249  0.929 0.367
+=4E2 C13:0 0.0940. 08 0.0740. 04 0.0470. 00 0.0470.01 2.278 0.175 0.131 0.728  0.163 0.698
TR C14:0 2.654:0.02Aa  1.2020.35B 1.5320.47b 1.5720. 36 3.222 0.116 11.204 0.012 12.625 0.009

+HAHERR C15:0 4.5440.03Ba 4.69=20. 04Aa 1.90+£0. 02b 2.63£0.86b 69.803 0.000 2.471 0.160  1.041 0.342

FEfE R C16:0 21.63£0.77A 15.5040.97Bb  21.0741.13 21.77£0.99a 22.987 0.00Z2 20.692 0.003 32.798 0.001
+-Ekelz C17:0 1.93£0.53 1.0140.00 1.41+£0.25 1.12£0.12 1.129 0.323  9.593 0.017  2.677 0.146
g C18:0 15.4942.97 13.43+1.49 12.2941.15 13.2740.80 2.226 0.179  0.229 0.647 1.815 0.220
AR C20:0 0.11£0.01a 0.10+£0.03 0.05=+0.01b 0.07£0.01 27.729 0.001  0.109 0.751  2.124 0.188
T —kifR C21:0  0.14=+0. 10 0.10=£0.02 0.13+0.02A 0.06=+0.03B 0.655 0.445  2.437 0.162 0.074 0.7%
i B4 2 C22:0 0.93=%0.12a 1.07=20.08a 0.42=£0.07b 0.57=£0.08b 86.505 0.000  7.096 0.032  0.016 0.902
T =R C23:0 0.05+0.02 0.05=£0.01 0.0440.00 0.0440.01 2.009 0.199  0.001 0.980  0.001 0.980
KRR C24:0 0.1640.01a 0.2540.08a 0.0540. 00Bb 0.0740.01Ab  60.972 0.000 10.129 0.015 3.721 0.095

T KRS RN R — H AN [ 20 4 0] 22 5 3 /NG P B ROR Al — 0 AR TR H g ) 2 5w e 3% 0 T,
Note: Uppercase letters indicate significant differences between different groups of the same day age, and lowercase letters indicate significant differences

between different days of the same group. The same below. SFA: Saturated fatty acid.
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DHA) i 35 FEAIG , 558 Wh R 2 35 T i 5 b B 41 50 AS 18 IR 5 1R
TR TR 2 ARG TBR I BR - RRAR . — 0k MR .
DHA I 3 AL (P<<0. 05) .

km

SE MR B AR TR R LR B 3% T e (P<<0.05),
TR ASIRIR . Tk =R IR AL A UG TR (EPA

x5 AARAEZTHENEFESKIRNEMERRYZIN
Table 5 Effects of cellulase addition to starters on unsaturated fatty acids of the longest muscle in lamb (g-100 g™ total fatty

acids)
gE| 60 H #% 60 days old (60 d) 120 H i#% 120 days old (120 d) Hi#% Day (D) 44 Group (G) DXG
ftems o B4 4b 34 o BE 4L 4b 34 F P F P F P
Control Treatment Control Treatment

PRI FNIE R MUFA - 38.54+3.42 31.92+1.28b 40.5145.27 41.17+1.74a 6.782 0.035 1.909 0.210 2.861 0.135

TR Cl4:1 0.14+0.01Ab  0.04£0. 00Bb 0.31£0.04Aa  0.07£0.01Ba 52.767 0.000 155.732 0.000 26.190 0.001
T AR C15:1 0.1440.07 0.1640.01a 0.1140.01 0.1240. 02b 2.559 0.154 0.476 0.512 0.052 0.827
FEHEIM AR C16: 1 1.4740. 11A 1.04=£0.01Bb 1.4540. 36 1.494-0. 18a 2.550 0.154 2.027 0.197 3.048 0.124
LRI ER C17:1 1.45+£0.06Aa  0.77%0.06B 1.06+0.12b 0.8840.17 3.807 0.092  36.633 0.001 11.812 0.011
2R C18: 1n9t 2.93£0.78 2.79%+0.92 2.47%£0.20 2.25%+0.34 1.941 0.206 0.257 0.628 0.013 0.914
W2 C18: 1n9¢ 29.98+£1.61A  25.56£0.67Bb  33.47£4.05 35.55+1.90a 18.606 0.004 0.563 0.478 4.314 0.076
T ERAERR C20:1 0.23£0.07 0.1540.06 0.1340.08 0.0940.01 4.450 0.073 2.586 0.152 0.344 0.576
J¥R C22:1n9 0.1540.08 0.1140.04 0.0740.01 0.0840.02 2.760 0.141 0.244 0.636 0.827 0.393
T R TR C24 01 0.9140.48 1.1440.08a 0.62+0.22 0.5740. 09b 6.043 0.044 0.273 0.617 0.622 0.456

Z AR R PUFA  26.06+11.86 29.41+1.43a 15.16+0.57 16.76+2.51b 8.719 0.021 0.385 0.554 0.049 0.832

SR C18: 2n6t 0.2540.06 0.2440.03 0.1640.00 0.1940.03 8.420 0.023 0.172 0.691 0.826 0.39%4
Wiz C18: 2n6¢ 16.3147.45 18.15+1.08a 12.14+£3.85 10.5041. 30b 4.490 0.072 0.001 0.972  0.388 0.553
y-WREAR C18:3n6 0.2840. 03A 0.1940. 03B 0.2040.08 0.1440.01 5.348 0.054 7.090 0.032 0.499 0.503
- KR C18:3n3 1.09+0. 26 1.07+£0. 05a 0.7440.19 0.5940.06b  14.587 0.007 0.601 0.464 0.397 0.549
40 IR CLA 0.3140.19 0.2940. 14 0.204£0.08 0.2540.06 0.876 0.381 0.069 0.800 0.164 0.698
Z Rk R C20:2 0.2340.10 0.1940. 02a 0.20£0.17 0.1040. 02b 0.841 0.390 1.105 0.328 0.145 0.714
ZA ISR C20: 3n6 0.6840.07a 0.6540.01a 0.2740.02b 0.3540.12b  57.765 0.000 0.390 0.552 1.170 0.315
TbBR =R C20:3n3 0.0940.04 0.1440. 00a 0.07£0.02 0.064+0.02b  10.776 0.013 1.655 0.239 4.364 0.075
AEAE VU R C20:4n6 8.3341.45a 7.7840.02a 3.3940.57b 4.294+1.12b  44.935 0.000 0.080 0.785 1.332 0.286
T R TR C22:2 0.0440.01 0.05=£0.02 0.02=x0.01 0.02=£0.01 14.568 0.007 0.922 0.369 0.035 0.857

EPA C20:5n3

=

48+0.03Aa  0.35:0.01Ba 0.2340.13b 0.1840.07b  18.390 0.004 2.978 0.128 0.645 0.448

DHA C22:6n3 0.2340.02a 0.21=£0.00a 0.09=£0.03b 0.08=£0.02b  80.197 0.000 0.980 0.355 0.086 0.778

MUFA : Monounsaturated fatty acid ; PUF A : Polyunsaturated fatty acids; CLA : Conjugated linoleic acid.

2.5 TR ARMmE gL A F hFRENIEIFG R

36 A4, 60 H#, % M4 M T-AOC .GSH-Px.SOD #l CAT & 8 35 & T3 4H (P<<0.05), 120 H
W, A B I T-AOC MDA % i #1 GSH-Px ,CAT 3if P 8. 3 & T X4 B 41 (P<<0. 05) , SOD 3 MK F X B 41
(P<<0.05),

3 itig

3.1 T H iR i R BT A A T AR A R R
TEARBEFE R, 355 60 H W W 75, B % iy 25 4k 22 B 0 25 9 BW I ADG &R B35, 163X — B B, SN ET 4k R B
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Table 6 Effects of cellulase addition to starters on serum biochemical indices in lambs

i H 60 H i#% 60 days old (60 d) 120 H#% 120 days old (120 d)
Ttem XFHRZH Control  AbFEZ Treatment X ME4] Control  AbFE4] Treatment
S L fE /1 Total antioxidant capacity (T-AOC, U-mL™") 8.71£0. 22a 7.07£0.12b 6.89+1.07b 9.63+0. 35a

A W H Bk o 44k ) W Glutathione peroxidase (GSH-Px, U-mL ") 145.59+43. 81a 114.7443.95b 59.62+1.53b 94.04+1.40a

4 LW AL B Superoxide dismutase (SOD, U-mL ™) 82.65+1.76a 64.20+0. 76b 4.2540.23a 2.154:0.22b
N —[% Malondialdehyde (MDA, nmol-mL ") 4.4140.30 5.20£0.19 135.0542.19b  200.29+3. 50a
1AL A Catalase (CAT, UsmL™") 46.83+1.17a 33.12+3.07b 33.84+0.86h 49.7740.70a

0 T FFE A B4 1 P W & AT AR KA L AT BE SR Hh T AT 2 3R A T ORE b A T A AN A TR il A ) 40 R
T E IR T R PN SR 00 0 R, BT A 3 T R v ) £ Ak K R O AR AR T E R T AR
WA I F W7 3 11 5% 25 ADG M R G (b S i $2 st . B 2 )5, % IR BW R ADG ¥ 8 3 i A . — 7
T , 25 2 11 15 i T8 ) R Bl 7 1A 388 7 A, oA R 2T 2 3R 8 1Y 0 0 A UL 1 N () s 2T 24 3R X AR S 1 4 AL
A IS 5 53— 5 T, £ 2 2 VR 0 R RE 25520 26 SR 09 BW ORI ADG . Atrian 557 ZE 4RI I A 1 A TR o
G5 A [F] 4 (9. 50, 14. 25.19. 00 mL ) (4 £F 4 2% il 24 % W, B 4% 35 A0 )R 10 30 A5 2F 2 Rl 24 Mg vy 14. 25
mL B ROR b W I 19. 00 mL B 25 MM B . XP R 98 465 & 3, M 4T 4E R B it o 0. 5% i, Bl
2 H 3G R AL R R TR IR AT 4 AL, AU IR Ry 106 B MRS R R . U B R A R IR
PE RIS HAT BW ADG K AR A R A 1R K .

WEFEIN Ry, ZE AR P i A R AT A AT 4R S R BT WA WS A X R B R T W e,
Zulkarnain 5 7E R X9 FE A ARDRE kb FE AT 4E R BN S R0 SR B R I H B AURR AL R A B . S DL 14
RATF YR ARG A AT 4 R G2 ADFL ZF R TR IS IR 4 B2 . 1225 R 5 Khademi 5 [n) 8242 IF £
BHRINET 4E R BGLE A — 3. S BCADFIFEAR Y I B AT 58 2 25 4 2 1 /0 78 in o7 2R 0 2 5% w1 il 6 ALK 9 7%
PR H T AR A O 1 O R R AR AR A R R AR AR AR R TG SRR R 0 TR A A R I L
BADFLR B o ply T i 7040 B3R o 7 ADRE A9 T A3, 25 2 3 2o 5 o B A R TSRSk el A I R AR . AR A
B 0 T R R B Bl A e 1 T AL SR AN R T A DT AR AR T AL S s i AR K PR RE . 2% AR AR AR R
1 kb 78 T8k V1% BB % 6 S F S 1 A8 Ak B A B A T R DLk B e A 1 A MR SR
3.2 FEMF MG LEIHBTEFRELFT O R

FH DG AIF 5 22 B WS Jon 40 590 5, 408 26 00 5% A T RN S TS A ) A R B B T 8 T . Mandey SR WS H
MR AR SR AP (10% .20%) FIF4E K3 (0.0.5 g kg '), K I LT 4 KB+ B N AW 7R 0 4 RL2F 4t 7
R0 A 7= e 3 e T A AL . B A SR IE B R T8 AR 4 H R R A A T v B Y SR T O B i £ 4 R
it (40000 U-kg RN, AT 32 5 & 2 PEAE . 5 LA R85 SR TR] B 0E IR 552 7R AF 5% AN [w] il ] 590 65 PR 369 1) 4] PR 802
R B, VS 2T i 3R 47 N 3G 1 B 3 B B R AR B AR RE R S e AN 3 . AEA RS L 60 H i
B 80 2T 2k 25 T A 00 8 5 6 B 3 o O R, (R S5 i 6% RN ) A R T O A HE R G DX 5 AR T, 120 H i
B X HEE 2] 4 o R 2 R B T T 2 AR e, BT G A A S A 2 i S R R T R E A
120 H %, A1 W20 J 1A 5 52 38 O FTF AR G B 0 B0 35 o8 T 2R 2 R A AL L X — &5 3R 5 0 IR 26 SR 0 5 38 B
RN CR A T AT A R B X B 26 R T Rl v £ 2 R O U N R O A T Ak AL
TRARFSE o BeAh , B ALTE BB DA A 2 DAk 2 A A 5 12t 1 S SR HE b , 5  0 J d 52 I M 56 . AR T v R RHER JIn£F
24 2 ity ok R JUL Te ARUTC W 25 R 0, 5 i R S 4 A — B0
3.3 it F BT A E W R KIS R 60w

JUL PR G 7 1R B I AR R A N B A, 2 2 PR S SR IR 0 LPR AR 07 198 1 25 Ak T B R T 41 4k R 1E T
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L, T O T HAE B G E BT AR AR . IR ARSI R TS TR A7 T i S R B 3 S ), R VR AR U IR
I 40 W 9 2 (conjugated linoleic acid, CLA) () 20 Wl 7R 2 82w o i 6 750 A9 #h 75 06 46 M2 B 78 /N (Triticum
aestivum ) BORGRH 6 E A0 = SRR &, pH T B R B 4 M 7 R v B T g TS RAEN g R L AR R
Tt 1) R I Sk 3 B R T 60 H A 6 SRR HE R PR NG TR L LR TR B TR M B L AR TR P T T A RS L ek
AR AR R RS A B AR R AR OB 2 S Y R AR E TR R MR IR TR (volatile fatty acid, VFA) |
R IR AE WK o BRI, T b T TR 7R 445 4 170 e 2 2 52 i UL R O I T AL i 1 T BE PR R

JUL P H AL A I A R o = L 55 22 S 1 R R BN IR A IR, T 2L R 5 X R A R A (R L R fe
A AN )RR B s e AR IR g R A S5 S T B K L rh R BT 38 I IR L L e R K T e e L AR AR R IR
it i T ek O A AU o i U 2 R REE i 1 KT DAY o AR A R D T YRR TR 5 A TR DU ) PR O KUK S TR 4R R
T P VAR O 75 KT TR O 0 TR 7 2 S ) B A A SRS — o R BILAE TR A S R I £ A 2 N £ 5 W S T A AR R R
fi2 & i o Sudibya %57 ELJE R XS AN TE 1% LR AE R, KT AW IE IR S R E R, 5 RS RA
[l , ACBIE 5 o, 1 4 28 Wi VR N 41 60 A1 120 H 4 B AR 2 7% 2 5 25 R AIG, 120 HIR s, 1 R 25 o O Sk 3 PR AIG , R IR
T 2T 24k 2 it Xt BT L P T RN S M AT — o S o WIS M 9 A IR I K ST R TR Y U R A L K
B 0 R I T T 2 B0 ot YA v A AR K ST AR RS I A A R R R LA Ik . D RETR Y SRR R A TR
S 2 6 o ot S MR (P A R O A R U)K R B N . KU BLAE N AR 4 R A R R A SR R BLLA
SRR RERR PR R K T RN TR i 1 R A A 1 R LS A Sy R O VA AR B L PR 7 T R S R Y g
MRA . 5 ERPFSARIR AW 50 45 5 s WS N A e R EELIFE AR T 60 H 8T R K LR 5 2 AR R K, 96
AR WL SR, 78K IR 0 PR BT T, 40 30 21 4 25 Wt 7 et 5 300 26 25 WL PR I 25 A 190 8 07 1 1 43 7= A A 2R T N AR fe R 1
S

5120 H & AT E, 60 H i 5 20 i 107 198 75 728 Ak I b, 3ok 3 WA 27 48 3 i X 60 H 8 117 26 2 WL 1A i 107 18 1) 5% i 46
R T HEE B T 2F 4 R AR AR S5 2E AL R B b B4R T EEAE AL ANTE T TR A S 2 8 3 T T Ak ok
Wi T R AR S e B U P DT e UL P v g D R ) AR
3.4 R mif AT £ F f ik 3 BAC IR AR 09 H R

N TR) 4 e 4T Tl A LA ST SR 3 AR vh Rk AN TR B VR T T-AOC RIS 8l W LA (9 Bt S8 A0 T R A7 4 5 467
Z T . SOD 1 GSH-Px AT 38 2o Bl 412 52 137 Bl ] SR 0 P 4 11 Fh 3 ek 401 0 RRR 4016 0, DT & P2 i 4
FEAE o MDA J& H Jig 0 sk 40 B 77 A 1 — R AR e e T, Lk B /K7 55 ML (i 7t 8 AR B 0 KPR R SE &R
PRI, AT DAAE R Ak 40 Bf A2 450 % B i B 2248 hr . UG, S sh W ik T A4 SRS FR 8 WS B0, sl A AT L ik 3
T-AOC .GSH-Px CAT & £ LA R B AR MDA £ k4 3 /0 fig i 0 fh i s i 40 35, 76— o vh 5 R 22
FEAE R Tk, 56 20 a5 W i OAS [) o B 1) 27 4k 35 Tt A B U, TR R 4R 2 L 25 R /R L 76 60 H IR B, B 41 MDA &
Sk G T B, SR S 1 £ 4 3% O i T AR B Ao R Ak LA B A L AT T A AR AR E T R R
B, FE HOR A I A (5 4000 U-g " 2F 4 ) 1Ttk 3 B AR AT H 13 1 MDA # 50F1 T-SOD 36 Y 42 =
GSH-Px i1k AWFFE, Bd 60 1 120 H #3 M1 T-AOC .GSH-Px FIl CAT 1% ¥ H 1A [7] 25 5% A Bt DA vl g 2 b
WA 6 A 2 LU LR O BB ok R, i 22 a0 1 R T R B I AL AL, AR N A TR A 2 2 A G B
% B 16 T8 5 2 RIS B S5 0 M T, X BRI B AR e R — s R DR A TR AL R VR L 51k i
W T-AOC .GSH-Px Fl CAT 1% M AR R MK B 05 )5, 6 F B DTSR £ N EEREWEE TR L, 5
b TRV, 25 25 00 5 T T AL R e ks T 4, P MR MR AT 4 Rt R AR TR ME R . £5 b FE W) AR 2 2 4
HHH RN 4T 4t R A T SE W0 S Bt Re .

4 Hig

FEARIG 25T, JE TR AN 0. 106 27 4 3R BT 2018 RE 5 52 voy Wt 00 1 25 25 368 BBk 9 98 A R BB 5 3% 1
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