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Effect of sweet sorghum silage replacing maize silage on blood physiology, serum
biochemical, and serum antioxidant indexes of sheep

WANG Fei, HE Zhenfu, CHEN Ping, XIE Jianpeng, HE Chungui

(Animal Husbandry-Pasture and Green Agriculture Institute, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China)

Abstract: This study investigated the effects of substituting sweet sorghum silage with maize silage in different proportions
on sheep health. Fifty healthy sheep were randomly divided into five groups with 10 sheep in each group. Maize silage was
replaced with 0 (control), 25%, 50%, 75%, and 100% sweet sorghum silage. Blood physiology and serum biochemical and
antioxidant indices of the sheep were determined after feeding for 90 d. The results showed that: 1) substituting sweet
sorghum silage with maize silage had no significant effect on daily weight gain and average daily feed intake in sheep, and 2)

different treatments had no significant negative effect on the blood physiological indexes of sheep. After 90 d of the
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experiment, neutrophil ratio(NEUT%) and intermediate cell ratio(MID%) in all groups, white blood cell(WBC) in the 25%
group, platelet(PLT) in the control group and 25% group, and platelet hematocrit(PCT) in 25%, 50%, and 75% groups,
respectively, were significantly lower than those at the beginning, while lymphocyte ratio(LYM%) in the control group, 25%,
and 75% groups, as well as red blood cell(RBC) of 25% and 50% groups, were significantly increased. 3) Serum aspartate
transaminase(AST) and alkaline phosphatase(ALP) levels were significantly higher than normal. AST activity in the control
group was significantly higher than that in the other groups, with no significant differences among the groups, and the lowest
AST activity was observed in the 75% group. The ALP levels in the control group were significantly higher than those in the
50% and 100% groups, and the lowest AST activity was observed in the 100% group. albumin(ALB) and creatinine(CRE)
levels in the 75% group were significantly different from those in the 25% group. There were no significant differences in
other indices among the groups. 4) The catalase activity(CAT) in the 50% group, total superoxide disumutase(T-SOD)
activity in the 100% group, and total antioxidant capacity (T-AOC) in the 75% group were significantly higher than those in
the control group. There were no significant differences in the glutathione peroxidase activity(GSH-Px) or malonaldehyde
(MDA) content between the groups. In conclusion, substituting corn silage with sweet sorghum silage can improve serum
biochemical indices to a certain extent, effectively protect the liver and kidneys, and improve the antioxidant capacity of

mutton sheep.
Keywords: sweet sorghum meet; sheep; blood routine examination; glutamic-oxalacetic transaminase; alkaline phosphatase;
total antioxidant capacity; malondialdehyde
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Table 1 Nutrient level of the silage roughage (air-dried basis)

B IR FARFE  EERET
Nutrient level Silage maize Silage sorghum

Tk ¢ Diet energy/(MJ kg ) 1171 10.69
F#)J5i Dry matter/% 32.10 27.70
# 2 A Crude protein/% 10.40 7.65
HLAR Ether extract/% 3.23 331
HUKSr Ash/% 10.9 5.4
PRk etk 2 4
Acid detergent fiber/% 22.5 38.5

B SBE Y& ST o
R AT 4 36.2 55.0

Neutral detergent fiber/%

TR EAE, THETES#ENRC (2007); HARNSHIE. TR,
The DE was a calculated value referenced from the NRC (2007),
whereas the other values were measured. This is applicable for the

following figures and tables as well.

o] W T IR A PR, A R R A % P < AT HE S
B o A RH ME R A o RARE I 3% fih 4, B9 R
37X (08:00, 12:00. 20:00), & 46 1 8] & 30 d @k AT #x
HIFARENR R HRLE HR |, BRI 47X (07:30,
11:00, 17:00. 22:00). T4 14 d, 355 7 90 d.
1.3 IM#E#RESLE

TI AR S5 — R AT = R G HE CR 1ML 12 mL
2y BB TP R M (2 mL). TE P SR I
(10 mL). Lt MFe 4 C LRAF, T 1 h AW M 2k
AR bR s JCPUEE IR 5 5§ B 45 min J5 20 (3 000
rmin ', 15 min), B2 M3, —20 °C RAERR .
1.4 MEEHSHE
141 KR

WIS AR 1 R AR f5 — KPR E il 5 2 R Ak
#H, iF 5T H E (ADG): & kR 3 7E 5OR A
VR A R R AT, SRR R BT ME . A H SR
A B AR RE AR RE, THEHYXREE
(ADFI) (UL DM it). R4l ADG 1 ADFI it 5%} & £
(F/IG), &Fatnit & aXun

ADG = CKH — ) ) [R50 KA

ADFI = SR 50 K3

F/G = ADFI/ADG.
1.4.2 IR AR B AR A 52

H 40 B % (WBC). H 14 0L 41 g 2 (NEUT). H 14

®2 TEMFBEERERKEEFKTE (KT E)
Table 2 Composition and nutrient level of the concentrate
feed (air-dried basis)

JEkE ki 2t E RS (i
Ingredient First batch Second batch Third batch

TARIAC 7 Dietary formula

K Corn/% 34.00 38.00 65.00
#k 57 Bran/% 6.00 8.85 3.88
SEHFHH Rapeseed meal/% 5.00 9.00 4.00
5 Soybean meal/% 28.00 15.00 12.50
KK Wheat middling/% 20.85 23.00 8.50
/NF T NaHCO3/% 1.00 1.00 1.00
12 NaCl/% 0.15 0.15 0.12
TiIRAL Premix/% 5.00 5.00 5.00
A1t Total 100.00 100.00 100.00

E 77K F Nutrient levels

FLE AR Crude protein/%  22.60 23.90 17.20
FHNET Ether extract/% 231 1.69 2.11

FLK > Ash/% 6.02 9.97 6.29

TR PR A 4

Acid detergent fiber/% 7.60 10.60 6.40

R A 4

Neutral detergent fiber/% 14.20 18.40 13.00
" ap

iffee 14.08 12.95 14.55

Diet energy/(MJ-kg ')

BORENEET SO R G 48423 A, 80 000~120 000 IU; 4EAR
D3, 10000~80 000 TU; #EA4EZKE, 150~1500 mg; i, 8~35mg; fl,
3~10 mg; %, 2~20 mg; %, 150~800 mg; £k, 200~2 000 mg;
B, 600~2 400 mg; 4, 70~300 mg; 5, 6%~24%; W,
1.5%~5.0%; SULH, 6%~24%: K7 < 10%.

The premix provided the following per kg of the concentrate feed: VA,
80 000~120 000 IU; VD3, 10 000~80 000 IU; VE, 150~1 500 mg; I, 8~35
mg; Se, 3~10 mg; Co, 2~20 mg; Mn, 150~800 mg; Fe, 200~
2 000 mg; Zn, 600~2 400 mg; Cu, 70~300 mg; Ca, 6%~24%; P,
1.5%~5.0%; NaCl, 6%~24%; moisture < 10%.

B 40 f bE 28 (NEUT%)- itk B2 41 g 20 (LYM). itk B2 4
L2 (LYM%%). o 1) 40 i 4 (MID). o 81 440 g L
(MID%). 141} % (RBC)~ M4 4 H (HGB). £L41 i
bt (HCT). 2140 0 T 246 B (MC V). 349 1 41 2 14
& & (MCH). P31 412 (¥ FE (MCHC). 2141 45
A7 % £ SD (RDW-SD). £ 41 il 43 A7 % £ CV (RDW-
CV). /N A E (PLT) I /N BT 294K B (MPV) Bz
M /MR LG 28 (PCT) I F 36 1B 5% 4+ 4 8 3 3h 4 if 41
J 43 H14X (IDEXX ProCyte Dx) I 5&
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1.4.3 &AL TR A7 2

M35 B 2 H (TP). HEH (ALB). BkEH (GLOB).
% B (GLU). 45 (Ca). % (P). & JH[E E (TCHO). JR
Z A (UN). WLEF (CREA) & & 5 & N ¥ & 1§ (ALT).
4 B G B (AST). Bl 1 % B2 B (ALP) v& PER T
PN T B X AR R A BR A F A AR A & R A
H A 5 #% 35 42 8 3 £ 4k 43 Hr 4 (BX3010) 14T I
5E » A D R R U B AT .
L4.4 LS LA BRI E

I 375 8 A Ak ) AL B (SOD). 43 bt H ik ik 8 4k
V) (GSH-Px) Fl i 4 6 S B (CAT) 3% 14 9 — &
(MDA) & £ I B Ak g 1 (T-AOC) #1 FH 3% [H F5
¥ B 451X (Rayto RT-6100) 3 17 9 5 , 7 &4 B

A B AR ) TR T T, 42 U AT E .
145 F¥EgT 54 H

R 96 B4 K F DPS v9.50 %14 23 47 4t it 4 Hr s
CASF 3540 + FrifE 22 3R, B0 kA7 50 IR 1 O 22 90 i
(one-way ANOVA, LSD), ¥ H Duncan % & Lt 545 56
BHATH ) 2 HILEL, P<0.05 AEF R

2 R

21 HEKMEE

iR EIR (R 3), %4 KE . ADG J ADFI 7£ A
[ b B[R] 45 G 2 % 2 53 (P> 0.05); 12 V4L F/G &%
(P<0.05) kT 4.

*3 AFETEIEREMEKRHEE
Table 3 Average daily gain of sheep in different fattening stages

2H 5 Group
i H Item
I I 1] v A%
Y] Original weight/kg 23.69+2.24 2598 £1.58 26.81 +1.48 23.75+2.35 23.20+3.24
A E Terminal weight/kg 41.78 +3.16 43.68 +1.29 4625+ 1.54 42.06+3.12 4235+ 436

H %% ADG/(g-d )
H¥RaE(gd )
BLE L (F/D)

217.92 +12.08
1232.84 +£113.88
5.65 + 0.24ab

213.25+13.50

1267.32 £26.11
5.97 +£0.50a

234.19+13.92 220.63 +£10.94 230.72 + 15.74

1236.43 £97.50
5.29 + 0.42ab

1166.68 + 128.52 1186.67 £116.24

5.28 £ 0.34ab 5.15+0.40b

I. . M. VAVSRIRRL0%. 25% 50%- 75%F1100% & 58 18 R EOKRE AR FATAR/NG FRERIR AN R0 8 2 7 5%

(P<0.05), &,

ADF, daily weight gain; ADFI, average daily feed intake; F/D: feed to gain raio; I, II, 1ll, IV, and V indicated the treatment that maize silage were

replaced with 0, 25%, 50%, 75%, and 100% sweet sorgum silage. Different lowercase letters within the same row indicate significant differences among

different groups at the 0.05 level; this is applicable for the following tables as well.

2.2 [MiREIBIELR

4E B R (£ 4), (VT4 PLT &% (P <0.05) &
T HALS A, HEHBESHEREN; LRER
BRI TR EE R (P> 0.05), HA MA IV
) HGB. 140~ V411 MCV K 11 41 () MCHC 3 %
T2 EME, %4 RBC WK TS % UEE.

2.3 MiE%EKIER

GEREREGES), TAMITHAM ALB Y & T2
i, H THMITHRZE ST (P<0.05) V4H; &
HASTHmTZHHE, Ll T HE& & (151.25
UL B8 (P<0.05) i T H it %41, %4 ALP 2
VTS H L Hob UL T4 (441.00 UL,
S H IV FIR2.83 %, HMAMVAHERBE

(P<0.05), HMARE®T VA (P<0.05); VA
CREA & &m T (P<0.05 141, H NHARKT =%
YO Hfh & TR AR Y ERARE (P>
0.05), Hrft T 4K UNBK TS H V6 Hl, P g & T 2
5 MK TP A GLU & T2 % {l, UN B
T HZE; MAM GLU & TS5 VAW
GLU 1 P &+ & %3ul; VAR UN M GLU kT2
ZJaH, P& TS E .

24 MFMRMNIELR

ZREIR (F6), THMIMAR CAT )& &
T ITAMNA, Hrp P&, 8 1 ARIVAE D5
751 49.76% A1 42.13%; V41 SOD &% (P <0.05) & T
HoAth %54, 43 0% T 240 & 28.57%. ¢ 11 41 & 40.74%.
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Table 4 Blood physiological indexes of sheep in different groups

b

WiH 413 Group s "
It\ Referel}ge
e I I ll I\ range -
J—
\?’ﬂ?ﬂtgﬁiﬁg\g/&?count /(% 109/[\,]‘—1) 6.53+1.13 6.97 £ 0.46 797+0.76 7.56 +2.84 532+1.77 4~12
) \/.l_é N
ﬁ;ﬁﬁﬁ%@%ﬁﬁﬁ?}4\Lﬁ) 4.83 +1.80 540+2.10  570+£0.65  585+1.79 3.73+£1.50  0.7~6
MR Y % 0
Seﬁfgéﬁﬁﬁ%riﬁigé?)]f):rcentage/% 12.08 + 1.89 11.88 +2.37 15.33+2.44 14.98 +4.57 13.25+2.55 10~50
Y
fﬁEjﬁgtﬁﬁLwX1¢¢{;) 548091  590+£024  632+044  6.00£225  443+156 2~9
v 4 b 0
@Eﬁfﬁiﬁrﬁmgg/% 63.85+2.23  63.98+285 60.13+287 59.03+£3.73  62.73+280  40~75
2
ﬁ;!;&?iﬁgﬁ(ggﬁ)oum/(x 1094\_[:1) 1.68 £0.21 1.25+0.25 1.53+£0.51 1.68 +£0.39 1.75+0.31 0~2.05
I % 0
?;J;.&?iﬁﬁ;ife(lll\ggégnage/% 4.08 £0.83 423 +0.53 5.88+1.01 6.00 +2.35 4.03 £0.46 0~19
AR/
}iﬁﬂfﬁg%&)ﬂ(x 1012/|\-L71) 7.38 £0.96 7.89 +0.50 7.94 £ 0.56 7.89 £0.57 7.52+0.94 9~15
4
ifiiﬁég/ﬁ};{ﬂ) 14.15+1.39 14.98 + 0.69 15.85+2.33 15.03 £0.90 1420+ 1.63 9~15
AR/ s
iﬂigfég&;& 2945+ 442 32.08 +£7.57 32.00+6.19 31.93+2.60 30.45+6.70 27~45
AR RS Sy A
l\j}e;ﬂnﬂ%ojipgsﬁﬁr(%?xge /L 39.98 +£0.78 40.58 £ 1.22 40.25+0.98 40.50 £ 0.47 40.48 £0.71 28~40
S i} é = PS=N
ﬁ;&%;ﬁ;ﬁgjiﬁﬁizg 1025+2.07  10.58+429  10.95+1.06 10.13+2.54  10.33+3.42 §~12
N i} é FE vk BF
I\T;e;Jnmio{pfs[cgu{lfr&}:g\rﬁggg)in/(g.L") 324,75+ 60.15 375.50+93.47 338.50+35.35 313.75+66.07 319.75+£92.67 310~340
ZL4H 53 A7 B2 JE-SD(RDW-SD)
Red blood cell distribution width- 39.05+£090 39.55+1.83  3855+£0.10 3853+£0.15 39.50+1.04 37~54
SD/fL
LI 53 A7 52 JE-CV(RDW-CV)
Red blood cell distribution width- 12.98 £ 0.45 13.13+0.85 12.60 + 0.33 12.53+0.15 13.15+0.79 11~15.5
CV/%
IR 2 (PLT)

Platelet count/(x 109/|\'L71) 353.50 +£40.58b 301.25 +30.67b 515.00 + 28.30a 294.00 + 94.36b 357.00 = 44.28b 250~750

I/ MRCF R RI(MPV)

Mean platelet volume/fL 8.60+2.23 7.80+2.27 9.88 +1.73 7.28 +1.35 8.33+2.10 7~12
gﬁﬂ;fﬁiﬁeﬁﬁiﬂ/% 0.34+0.28 0.28 +£0.37 0.54+0.36 0.23+0.21B 0.31+0.40 0.1~9.99
M4 17.39% B IV 28.57%, H T4, M. 3 378

VA E 2 (P<0.05) & T T 4L; V4 T-AOC &3 (P <
0.05) =T I ~ 14, 535105 28.30%- 14.55% F112.50%;
% %1 GSH-Px Z % AN &EE (P> 0.05), KLl VA&

3.1 MAFEKMEENF W
PR BE A TR T PR S A 1A o

B BOHAR % 4 4 T 15.02%. 11.46%. 3.93% Al
2.00%; %4 MDA Z R AR, bl I A&, B
HoAth & 2H 43 5 5 15.32% 5.45%. 3.44% F1 23.74%.

A = SCHI R AR, JCHAE S X 4 B T Fe 1 MR AR
PR RS, HIGE. R 8 AR EIL R ROV E
TR AEKIERETE R WEATAIBTE T, BT
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Table 5 Serum biochemical indexes of sheep in different groups

#H 57 Group s

A Reference

Item 1 1 m \Y \ range' "
REH(TP) ~
Total protein/(g-L ) 74.95+2.71 78.20 £ 7.53 74.65 £ 6.20 7210+ 10.80  71.60 £3.67 59~78
HZE H(ALB) ~
Albumin/(g'L") 3738+130a  38.05+22la  3563+287ab  3450+1.65b 3528+ 1.48ab 27~37
HEA(GLOB _
Globulin(g- L’P) 37.58 +1.68 40.15+5.72 39.03 +4.25 37.60 £9.73 3633+ 4.83 32~50
BNFEEALT)
Glutamic-pyruvic 17.75 +3.50 15.00 + 4.40 19.00 +2.71 17.75+2.75 18.75 £ 1.71 15~44
transaminase/(U-L ')
B E A H(AST)
Glutamic oxalacetic 151.25+19.72a 134.50£7.77b  136.00+7.87b  126.50+4.36b  130.00 £ 7.75b 49~123
transaminase/(U-L )
B IR E(ALP) B
Alkaline phosphatase/(U-L ") 441:00%65.94a 41500+ 54.63ab 317.00 = 59.25bc 354.50 + 83.00abc 298.25 + 73.72¢ 27~156
K H [ BE(TCHO) _
Total cholesterol/(mmol-L )~ 200+ 048 1.70 £ 0.35 2.01+0.65 1.85+0.28 1.70 £ 0.39 1.1~23
JREE(UN) _
Urea nitrogen/(mmol-L ) 3.65+0.83 3.19 £ 0.40 434+0.72 3.93+£0.91 3.68 +0.88 3.7~93
WEF(CREA) .
Creatinine/(umol-L ) 83.49+3.8lab 77.57+£17.75b  87.87+9.45ab 100.06+7.58a  83.72+£2.81ab 79.5~176.8
HEFEGLU) _
Glucose/(mmol-L ) 4.46+0.15 5.00 +0.64 4774024 476 +0.65 450+0.18 24~45
#5(Ca) Calcium/(mmol-L ) 2.75+0.09 2.76£0.15 2.71+0.20 2.67+0.09 2.59+0.07 2.3~29
%(P) Phosphorus/(mmol-L™) 252 +0.71 2.32+0.67 2.19+0.15 322+ 141 2.73 £0.40 1.3~2.4

Fz o6 MABFMEMNIERR
Table 6 Serum antioxidant indexes
HiH 43| Group
Item I I m 1\ \

i 4L S (CAT) Catalase/(U-mL ) 205+0.07c  2.69+0.14a  3.07+£0.1la  2.16+0.17bc  2.59=0.72ab
AL AL B(SOD) Superoxide dismutase/(U-mL ) 0214£00lb  0.16£0.02  023+£001b  021£001b  027=0.0la
AL BE 71(T-AOC) Total antioxidant capacity/(U-mL ) 053+0.05c  055+£0.03bc 0.56+0.05bc 0.68+0.03a  0.63=0.03ab
2 WEH L EAL AR GSH-Px) Glutathione peroxidase/(IU) ~ 72.12+28.58  74.42+14.88  79.81+1135 8132+£7.93  82.95+23.65
7 —[(MDA) Malonaldehyde/(nmol-mL ") 2.71+0.95 2.35+0.38 2.57+0.98 2.62+0.43 2.19+0.35
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