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Abstract: Fattening sheep often suffer from heat stress. The objective of this study was to investigate the effects of a
traditional Chinese medicine formula on the production performance, physiological parameters, and blood
biochemical parameters of hybrid sheep (Small-Tail Han sheep X Inner Mongolian Fine Wool sheep) under heat
stress. Four Chinese herbal medicines: Elsholtzia ciliata, Rheum palmatum, Magnolia officinalis, and Scutellaria
baicalensis, were mixed at a ratio of 3: 3: 2: 2. The experiment included 240 hybrid late-sheep (average weight,
36.6+0.73 kg) , which were randomly assigned to four groups: the control (no formula) and three formula-fed
groups (diets containing 0.5%, 1.0%, or 1.5% of the formula on a dry matter basis). Each treatment group
consisted of 60 sheep. The experiment lasted for 28 days, during which the temperature and humidity index in the
shed averaged 79.68. The main results were as follows: 1) Compared with the control group, the formula-fed
groups showed a significantly lower respiratory rate (P<Z0.05) and more time lying, particularly in the period from
12:00 to 16:00. The proportion of time lying was 13. 38% to 19. 15% higher in the formula-fed groups than in the
control group. 2) In terms of production performance, the average daily feed intake was 1. 05% to 7. 21% higher in
the three formula-fed groups than in the control (P<<0.05), and the average daily gain (ADG) was also significantly
higher in the formula-fed groups than in the control (P<0.05). Among the three formula-fed groups, the 0.5%
formula group showed the highest ADG (12.12% higher than that of the control) and lowest feed-to-weight ratio
(F/G) (14.68% lower than that of the control) (P<C0.05). 3) The sheep in the formula-fed groups showed
increased thyroxine (T,) levels and decreased cortisol (COR) levels, compared with those in the control (P<C
0.05). In the 0.5% formula group, the T, concentration was 13. 97 % higher than that in the control (P<C0.05),
and the COR concentration was 33.15% lower than that in the control (P<C0.05). There were significant
differences (P<Z0.05) in urea nitrogen (BUN) and glucose (GL.U) concentrations in serum between all the groups.
Compared with the control group, the 0.5% formula group showed higher GLU (P<C0.01) and lower BUN (P<C
0.05) concentrations in serum. 4) An economic benefit analysis showed that the benefit from weight gain increased
by 7.50% to 13.91% as the dietary intake of the formula increased from 0.5% to 1. 5%, and the largest net benefit
was in the 0.5% formula group (4.85 yuan+d '-sheep '). In summary, this Chinese medicine formula effectively
alleviated heat stress in hybrid Small-Tail Han sheep, and its inclusion at 0. 5% of the diet had the best results.

Key words: traditional Chinese medicine; heat stress; fattening sheep; body weight gain; biochemical parameter;

blood biochemical parameter
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Fig. 1 Cross section of the fattening sheep shed
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x1 EfiHREABREFRKE
Table 1 Composition and nutrient levels of the basal diet (DM basis)

JkH Material it Content 7 K F Nutrient levels % it Content
Tk Corn (%) 43.0 fLI8HiE Metabolizable energy (ME, MJ-kg ') 11.15
M1 Soybean meal (%) 5. # & 1 Crude protein (CP, %) 15.07
¥ H) Cotton meal (%) 4.6 rfPE R 4 4T 4 Neutral detergent fiber (NDF, %) 27.01
1642 B Peanut cake (%) 4.3 ik 1 Uk U £F 4k Acid detergent fiber (ADF, %) 17.38
G Tofu (%) 10.0 HLBE 5 Ether extract (EE, %) 2.78
9K Distiller (%) 10.0 #5 Calcium (Ca, %) 0.51
A6 Peanut seedling (%) 20.0 W Phosphorus (P, %) 0.25
/N#RFT NaHCO, (%) 0.5
£ NaCl (%) 0.6
FIR R Premix” (%) 2.0
A1l Total (%) 100. 0

T V4 kg BUR B & A 40 mg, %% 600 mg, Bl 260 mg, 4k 750 mg, £ 680 mg, fifi 15 mg, 4 10 mg, 4L % A 117000 TU, 4E/E £ E 180 TU,
Note: " Each kilogram of premix contains: 140 mg, Fe 600 mg, Cu 260 mg, Mn 750 mg, Zn 680 mg, Se 15 mg, Co 10 mg, V, 117000 IU, V. 180 IU.

AR 3, B R v R CHR Sk B M v ) T ELRE ) Y0k 1.5 m, G0 SR A K A N A1 T RN AR N B Y i 4k AR 4k, A2 0.5 h
I — YA (B 1) o AR 30 1A, 22 i B T 8 AFAR R 9 1 1) e 1 e 2 8 A 2R 14

K FH E A2 DR TR TR 38 £ (temperature-humidity index, THI) %J 2 45 54 $40 50RE BE 64T 9F 40, AR
B2V /(1

THI=0.8X Ta+RH/100X(Ta—14.4)+46.4

K : Ta TR E (temperature, “C) ; RH /8 A X JE (relative humidity, %) .
1.5.2  HEFEAIE AR E I IS A0 48 5 1 1 ek 00 o A 2 B AL I 6 2, ) IR 3R AT K 88 4 S
JE 47 - W A 2% (respiratory rate, RR) , 20 Tl 80 55 7,14 .21 1 28 K - (12:00— 14: 00) AT I 2 o LA M 5§
AR g b o i 2 E 3 W, BT A R I S RO R 2, RO I E 4 S B IR EE (rectal
temperature, RT) , I 5K AR IR 1105 75 90 Uk L VE 500, SR 5 S22 4l AT, B3 3~5 min J5 B IFid 5% .

B2 e o A A BEHLEERE 6 HE N, S MK & 8 TAE ) I i ik #E AT I E , FA 7 .14 21 F 28 K
H2F (12:00) FJHELL AN AL (FLUKE F568-2, 3¢ [F) % 2 A 4K B3 KT F & L POk B L PO BT #8250 90 A H
HIW A2 ik BE (temperature, T) , X 41 F -

SR F IR E (CC)=0. 25T gy 15T 0. 25T gy v+ 0. 32T e 1+ 0. 12T g+ 0. 04T 5+ 0. 02T

1.5.3 HHEFEAT HHYI E B JA R A REREAT AT WL A0 SR R 3l 57 SR B AV ROK B SRR L], R R R T
MBS £1(6:00.,8:00,10:00,12:00,14:00,16:00 #1 18: 00) #4758 1+
1.5.4 FHLFEA - ERERY I E TG A IS AR AL AT S AR E . R R RECE AT IE AR
F1% T 2 ks R R A K B, I 10 SR T R AR MR i R R R 1 g K g TSRS I SF 1Y P 24 H 3 (average daily gain,
ADG) ¥ H K & & (average daily feed intake, ADFI) , #} & I (ratio of feed to gain, F/G) fl ¥ H 1k /K &
(average daily water consumption, ADWI) .
1.5.5 AFMGHEMIAIERME 5 28 RN FEHATEKEE | 5 29 R R A MR M, & AL
BEI6 FLSE i # K 43 590 R I 10 mL, 3000 r+min ' #5.0> 15 min, H 12 ML T — 20 CRAZ %M. R I BEM-96
B2 A TR S e v Bt (2 BCE IR ) I e = At FPOR IR D 2R (triiodothyronine, T,) \HUR AR K (thyroxine, T,) EK
# 2 (growth hormone, GH) Al J Jit B (cortisol, COR) 5 5% H GF-D200 B4 2 [ 2fi £ 46 23 #r A8 CLl AR ) 00 i 26 1
(glucose, GLU) .\ JR % A (blood urea nitrogen, BUN) . & & [ (total protein, TP) .3k £ 1 (globulin, GL.B) Fil 1 £ 1

(albumin, ALB) & & .
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Fig.2 The temperature and humidity change curve of the fattening sheep barn
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Fig.3 The THI change inside and outside the fattening sheep barn
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2.3 FARAMEBAFTFHTHIRFATAGH A

BT 6:00 F1 18:00 A~ 28 Ak i [1a] &, Hothy 54> 15F ] 5 (8: 00— 16:00) 34 H 245 41 2 11 5 Kb B 9] 227 o8 1 % i,
0.5% 1% 1. 5% 20 /Y - X i Fib b ] 53 S0il 5 0 R 4 5 1 144526 .10.89% F19. 03%% , JLH 2 F FIf B (12
00—16:00) , 34~ H 2 41 1) - 259 i B b 481 95 6 HECZL 40 ) 4 95 T 19, 15%6 .13, 51 %6 #1113, 38 %0 (&1 4) .

x2 EFPANFREELEBERNZM

Table 2 The effect of compound Chinese medicine on the physiological indexes of fattening sheep

Ji 3 Fillk=s LTS H i R
Preiod (d) Dose Respiratory rate (times-min ") Rectal temperature (°C) Skin temperature (°C)
7 0 119.09+2. 81 39.3340.09 35.814+0.30

0.5% 108.17+4. 24 39.5340.07 35.5240.13
1.0% 111.33+5.99 39.6040. 06 35.344+0.33
1.5% 109.08+3. 48 39.8040. 25 35.44+0. 20
14 0 115.92+3.41 39.7840. 14 35.9540. 26
0.5% 102.134+2.45 39.5340.08 35.3040. 22
1.0% 103.93+4. 27 39.65+0. 11 35.2440.25
1.5% 109.80+2.52 39.75+0.10 35.30%0.06
21 0 113.71£2.42 39.8040.23 35.61+0.13
0.5% 105.2742.33 39.48+0.09 35.07+0.24
1.0% 107.474+4.30 39.7040. 15 35.27+0.42
1.5% 106. 60+4. 08 39.7840.09 35.1340. 31
28 0 112.884+3.13 39.7640.05 35.344+0.05
0.5% 106.31+2. 34 39.3640.06 34.9640. 33
1.0% 107.50+3. 15 39.5840. 10 34.7940. 25
1.5% 108.88+2.91 39.4440.09 34.99+0.43
P 7 Dose 0.015 0.083 0.151
JE I Period 0.049 0.195 0.079
Fil4: X A1) Dose X period 0.735 0.611 0.991
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Fig.4 The effect of different doses of compound Chinese medicine on behavior of fattening sheep

2.4 A FxPHMFIREALFRAEY A
A 5 A 3 B, B I R [ R SR D P 2 B R R T TR AR B R (P<C0. 05) (R 3), 5 4l
FAH,0.5% 41 (P>0.05) 1. 0% 41 (P<<0.01) il 1.5% 41 (P=0.084) i) ADFI 43 il #& & T 1.05% .7.21% #
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3.530%0(F4) M rp 2550 AN 45 25 X ADFTBA S HAE M (P=>0.05) (% 3) . J3 41, b 25500 5 F 4 25 J& S 0
R EROK B3 T R 3E R (P=>0. 05) (£ 3) ¢

R3 EAPABINBERERFEMRKENZMN

Table 3 Effect of compound Chinese medicine on feed intake and drinking water of fattening sheep

JA biilhess KA oK Jam biilhs PSEeis oK
Preiod Dose Feed intake Drinking water Preiod Dose Feed intake Drinking water
(d) (kg) (L) (d) (kg) (L)
7 0 1.30+0.04 4.2740.22 28 0 1.4340.05 3.72£0.15
0.5% 1.294+0.02 4.30£0.12 0.5% 1.4640.04 3.89+0.24
1.0% 1.40=£0.02 4.20+0.24 1.0% 1.5740.05 3.99+0.15
1.5% 1.40£0.02 4.2240.22 1.5% 1.4740.04 3.78+0.14
14 0 1.36+0.12 4.07+0.18 P # 4 Dose 0.016 0.123
0.5% 1.38+0.03 4.274+0.13 JiIH Period 0. 005 0.382
1.0% 1.424+0.08 4.3640.22 74 X JE W Dose X period 0. 753 0.842
1.5% 1.39£0.07 4.2240.07
21 0 1.4140.08 3.98+0.17
0.5% 1.41+0.09 4.1040.09
1.0% 1.50+0.07 4.1140.18
1.5% 1.43+0.07 4.07+0.07

AR, SXTIAMEL,0.5% 4FMADG B & & 17 13.80% , 2 5 8 # (P<C0.05), 8 1.0% 41 A1
1.5% @1 ADG 5 XF B4 JC i 25 25 57 (P=>0. 05) , {HBS &5 F X B4l , 0 il 3t s 17 11, 74 % F19. 96 %6;0. 5% AL F/
G X ML AL T 14, 68% (P<C0.05)

x4 FARFNEEFPAMNERFEF TN

Table 4 The effect of different doses of compound Chinese medicine on performance of fattening sheep

9 413 Group

Items 0 0.5% 1.0% 1.5%
¥ H R & ADFI (kg) 1.43-40.15b 1.46+0. 24ab 1.57+0. 15a 1.4740. 14ab
T H I E ADG (g) 242.59410. 35b 276.06+8. 48a 271.08+10. 58ab 266.75+11. 31ab
BELF/G 6.13740.29a 5.2340.17b 5.7970. 25ab 5.87=0. 30ab

VE : AT B AR 1] 7 B 38R 22 5 A 1 35 (P>>0. 05) , AT AN l/ING FRE R R 22 57 . 3% (P<<0.05), R,
Note: There is no significant difference between the same letters in the peer data (P=>0.05), the different lowercase letters indicate significant differences

(P<C0.05). The same below.

2.5 FREAZH AT PH T IRE b E R ARG Y

5 AL AH EE, 0. 5% 4 T, % i i 3 32 3 (P<<0. 05) , e FR A4 &5 7 13,97 %, 1l COR M & i 5 Z M e
0. 520 ZH A B2 W 2 BEAR T 33, 15%0 5 B4R T, M GH 9 & &t A [l 21 1] 22 5 A 12 3% (P=>0. 05) ,{H 0. 520 41 & & g
T A 3 T E AR SR bR R 0. 5% H GLU i B T 41 (P<<0.01) ,BUN & it i K T
X IR 4 (P<<0. 05), 1M L7 TP ALB Il GLB B % 5 AN [ 41 ] 25 5 8 i 3% (P=>0. 05) (£ 5) .
2.6 ZFR BN

AR 0. 5% 1A 4G KM Rl AR 3 % R, (H 38 B AR Je A1 . e a0 00 o) 75 R 2 1 4 B AN A 26. 4
Jt-kg TFE,0.5% 41 1. 0% AL AN 1. 5% 44 14 FE AL 5 o3 ) e X BE AR B T 13.91%6.7.50% A1 7.19%50. 5% 4
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M s e B R R 25 4. 8570, L X IR ZH 1. 0% A1 1. 5% 2l 4> W4 s 17 17.43% .16.59% #118.87% .
R, 0. 5% A ay FRFH IR 2 e K (£ 6) o
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Table 5 The effect of different doses of compound Chinese medicine on biochemical parameters in serum of fattening sheep

it F 2l 5] Group

Items 0 0.5% 1.0% 1.5%
=R AR &R T, (ng-mL ™) 32.50+0. 82a 35.64+0.79a 32.76+1.55a 34.2141.49a
R ZE T, (ng-mL ") 984.05+48. 17b 1121. 50+ 34. 20a 1097. 974 29. 92ab 1099. 82+ 28. 80ab
A K% GH (ng-mL ") 0.8570. 14a 1.3840. 04a 1.3320. 23a 1.1440. 31a
Y JilE COR (ng-mL ') 27.27+1.33a 18.2341.44b 21.09=0. 39ab 22.37+3.37ab
& GLU (mmol-L ") 3.69-0. 19B 4.6540. 16Aa 4.0340. 22Aab 3.9140. 21Ab
JRZ A BUN (mmol-L ") 9.4740. 37a 7.56+0.91b 8.05+0. 37ab 9.00=0. 40ab
MEE TP (g-L 1) 76.53+1. 58ab 80.7240.97a 75.162.01b 77.660. 61ab
F&EM ALB (gL Y 39.5041. 12a 40.920.78a 39. 344-0. 84a 38.61+0.71a
BREH GLB (g-L7h 35.62+1.98a 40.87+2.47a 36.29+2.50a 37.89+2.11a

T WA B AR RS i 3R 2 e 3 (P<<0.01),
Note: The different capital letters indicate extremely significant differences in the peer data (P<<0.01).

R6 EFVHASMN

Table 6 Economic benefit analysis

it H 2[5 Group

ltem 0 0.5% 1.0% 1.5%
H 25 A Cost of herb (Yuan-d ™'+ piece ) 0 0.14 0.28 0.42
T Bl AR Feed cost (Yuan+d '+piece ') 2.27 2.30 2.44 2.36
14T A Weight gain cost (Yuan-kg ') 9.46 8.21 9.38 9.07
T RE A M A% Sheep sale price (Yuan-kg ) 26. 40 26. 40 26. 40 26. 40
W4 H Y 5 Weight gain income (Yuan-d ™'+ piece ) 6.40 7.29 6.88 6.86
¥l 5 Net income (Yuan+d '+ piece ) 4.13 4.85 4.16 4.08

3 it
3.1 AFPHNFREFAERBFAITAFEG Y "

Eém/E'Iﬂﬁ%lﬁé%aé#nr“z%im?ﬁmaﬁﬁg“’ HLOEE IR AR RIS RN —3~23 C,E X R
21~25C# 2 E AN R 4 s BN R 9 48 A5 THI. Tucker %57 il Hamzaoui % BF 580l , 24
55<TH1<70EH TCHN B 5 7O THI<75 I}, 5 B W i 5 75<< THI<Z85 I, o B B0 18 ; THI>>85 i, T FF #4U
B, AT IR A KR A 29. 2 °CL & I 20 THI M 11 75, B 55 83. 9, Al L, iR S F BE & RS 52 %
HhRE BN

FEIR BEAAE TS, S W BILIAR ) ARF- i 2 0 HT R, 75 B3 2 57 PN BRI 1) AR S A T A2 1 A B 1R 9 R AT O

T P IR 3R R A IR 2 e s A AN A AR AE (S AR AR . BRI, TR e A IR B IRy 38. 2 Clef L
PO AL 30 S I YR BRORT 3K 94 YR - min ! 17T 9% DA A T 2 U TR R R S S Y IR AR RE 24, 4 °C, S0 25 30 AR RS AR
TEE T M R T 0 B — 1l AR A, PO L S TR S I A g S I 3 5 58 300~400 ¥R - min ', IR
TR SR 10~30 % ~min "™, AP AR KB, @ THIREE T, 004 R E L5 39.51°C, B & m T
I THIRSE T 054 (39. 22 °C) , H Rl 5 $40 SFE B2 A 3 m ,  2F LB (L R M FLIR R B & FR AL, AU h B¢
B B IR M 39. 3~39. 8 °C, J& T 1E H 5 [l , 1 FE W45 K o 100~120 K *min ', B IE R EH . H AP RIA
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) 390 £ (9 52 T T 245 0, BT S 4 I W 3R G S A, T LR AR N 0. 500 w2 RO R R B R W i, HLOE IR R
A AR, X 5 Jefferson 8l Dzarnisa % I WF 58 25 AR — 8, — M &, #0745 8 5 L 22 F e ik
T, HoEz 0 B 1A 3 2 N2 AL 2V B AR A A5 5 5 3 ok 45 ol i 23 % 5 | RS S [ R ) P G TR RN AT SR REOR |, B i
K& BRE P2 R G0, TR T H 9 5 R & B WS 329 B AR %, 5 ma B i 8% 5 . Zahner 5 % F
120 W B FEIA Sy, B0 Tk 38 T 8 2 14 T 4 A 3l 37 ) R B8, TR A D AT R 3 3R] AR i B A R T A Al ol
PRI AT BB Hb 8O L HAERRAL D o AWM A, BR T 6:00F1 18:00,8:00—16:00 [i] 54> B [1] o 4l W o 24 11
F 4 BN L A BT RS, R R R BT BE (12:00—16:00) , FL 34 R 25 40 4 B #8857 19.15% .13.51% Al
13.38% o [AIAF, AR 45 4 247 M AOULER 2 B, U8 I 0. 5% w25 21 A R 2 il SR 1y o T HoAth 45 41, HUoR & i AROK &=
P4 s I, AV N 0. 590 & J7 v 25 0T DU S 2 B RN B, o AR PR g

3.2 A PHNARFELFRENY A

M 3 N A SR SN G e Y R T — o RN AT B A T R £ R SR B AR BN
TGS A AT R, 2 AN S, 25 R BOR B iR RDRE R 3R R LR JC TR AR A 8 1 IR R A K
T L R 2 S RS R AT RN R B R, O T A A (R A K RN S SR AL A S A R E
FEAE RV, B AP I 25 n] i 2 59 ADFTRI ADG B35 3258 ,F/G B K, X B R b 253/ 7 2R i A4 =
e LR R AT RENCE T E LA E RN o AT SO T AR M b 25 Bt R AR AR R
RIS AN 5 2 8 1) v 245 52 O U ) R B R e R AR A R DR R R AR s R A A e RE . AR, A A — B R R
AR R R E IR TR E T X TR Rt T AR R B L TS N B AR R TR 25 AL R D
HAT Z R D)k, L 2585068 5 07 A 4 9 2B BURE 550G R U1 . Burns %01 Ibrahim 55 (4 BIF 58 32 B, 201 5% 79 ol
2R ZPIR A, & I R S USR5 R — P 2 0 Y VR A L, B DO 23 3 i 50~2000 4% . AHF
TR KB EANI B AR 2R A RN, AR S T FIE R A A e Re R AL R f R E b 2yl g
ELAT U R AR X6 2 il 3 0 AR A BB

NGB RL &S 43 A A A B9 b B AR g IR S A TR DR A A e 24 A R T 45 e 24 B X BR A (H G R AR
AR, BN 0. 5% ~1. 5% 24 4 (il 38 B30 25 40 ) FE X BEAH 4R 8 1 7. 19%~13. 91% , LA N 0. 5% w25 i
W a5 e, AT R R 17,43 %0 IS I 1. 5% s 2 il sk R AR 1. 21 % o R, 0. 5% 9 o 245 52 07 VS i AT SE AR
B 25 e KAk o
3.3 A5 P HMNRIRF ik EAIEATY @

P53 I R G SR WL ) TR T R G, AT AERE N IR R R L IR ML I A KR B R AR . s TR
AU R G BE  WEE AL B R I AR B I 3R (A0 COR AN B2 S ) AN FF R AR 4o 006 A9 FROIR BR 98 25 (T, 0 T,)
B T RE 2 22 BN B2, T EOULAORE 2 IR 2R R R A AR S 55 PR, 1 o COR R H IR IR 5 2 R g AR
o e R AN R B AR AR . ARG SRR, AP b e T M T S R BT U
W 0.5% 2y N R i COR & |5 Z M, 2 TR . X 5 Ribeiro %/ F Bozzi ™ [ BF 55 45 S I A W)
Go WA B S T GH B & i, X LA N 5 rh 24 AT DL R O S SR 0 P A 0, 3 5 IR SR 1 B
O R 7o MU D GLU MR BE 32 22 37 e 5% 28 R0 10w 2 76 9875, i A N7 J3ORT it A K ST B AT 7 T S e, S S0
5% 2 R S 2 LB 2 00 7 2R 2 B ] AR WF S 45 R 5 Ibtisham 45 V25 B — B, g HE BN 808 1), GLU K P
(T B F 1 DR AR 32 0k B3 1 A AU, 3 5 A7 350 [ ) i A ARG DA G AR SR 45 SR i , BB s i rh 24
flE LM GLU KA BT, HRm 0. 5% 2y R & . 1% *f BUN TP AT ALB & i 7] DL AL {4
AT ORI AR T, BUN 2 8 T 4 A A8 A9 7= 4, >4 8 1 AR R AP i, s AR . Al 45 2R
RGBS I 2 JE BUN F s B AK, TP ALB 1 GLB & & R B B It 3, 5 Xie M 45 AW &, X U & 7
20T LA i 75 M8 2 X R 3R 2 1 9 AR R

4 Zig

ISR T BRI A T v 24 0] AR 2 5 /0N R T A 4 A AR A AL YR EE PR IR R R AR R i A
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