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Meta-analysis of effects of supplemental feeding on the growth and slaughter
performance of Tibetan sheep

ZHUANG Wanlan, GAO Yidan, WANG Xu, GUO Xinyu, RAN Tao
(College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, Gansu, China)

Abstract: To evaluate the effects of supplemental feeding on the growth and slaughter performance of Tibetan sheep (Ovis
aries), literature was searched on randomized controlled trials of supplementary feeding in Tibetan sheep published in
Chinese and English databases, including PubMed, Web of Science, ScienceDirect, China National Knowledge Infrastructure
(CNKI), Wanfang Data, and China Science and Technology Journal Database, from the time the database was created until
April 2023. Following that, a Meta-analysis was conducted to merge and analyze relevant research literature. Finally, 28
articles were screened for Meta-analysis out of the 1689 articles. The results showed that the average daily gain (ADG), net
weight gain, dressing percentage, carcass weight, weight- adjusted fatness value (GR ) (P < 0.001), and eye muscle area (P <
0.05) of the Tibetan sheep in the supplemental feeding group were significantly higher than those in the no supplemental
feeding group. Subgroup analysis showed the best effect of concentrate supplementation on ADG of the sheep, which
increased with increasing concentrate supplementation level and supplemental feeding days. In contrast, the ADG decreased
with increasing age of the sheep, with the most prominent effect observed for sheep under 6 months. Sensitivity analysis
using a one-by-one elimination method showed that the results of improved growth and slaughter performance of Tibetan

sheep with supplementary feeding were stable. Publication bias analysis showed no publication bias (P < 0.05) for most of
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the indicators, except ADG, net gain, and carcass weight. In the present study, using Meta-analysis, it was confirmed that

supplemental feeding can improve the growth and slaughter performance of Tibetan sheep, which can provide a theoretical

basis and data support for the accurate nutrition management of Tibetan sheep.

Keywords: supplementary feeding; Tibetan sheep; Meta-analysis; literature mining; subgroup analysis; Sensitivity analysis;

Publication bias analysis
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Figure 1 Literature screening process and quality evaluation

http://cykx.lzu.edu.cn


http://cykx.lzu.edu.cn

470 B o B ¥

oS

SRR AN 2 e 55 38 B VE B (45 5 T, AT 3 S
R D) R DA AR 1 R 35 B 2 A 1 e K30 T i
SCOA R RGBS > At 29 D9 AR R 5 8 G A A 435 5 T
A2 J SCHR P 36 30 1 08 e b i e SR R
B o AR, GYNASHIE ST SRR TR B

2.2 HNSCHEREDE AR HFHE

AHIE T & T L5650 BT # K 2 2B K 1 e RN
SEPERE IR RS A, FR T 25 B9 0 D) ) ek 2 L I 1]
B KA TE 22 1) O 9 N ST 1) D ) sk Ao 24
6% BN 1) AN ¢ PR o 99 N SCHR B ek = 3k 1 728 R, Hop
X I 2H 825 L 6 2H 903 W, X IR ZH R JBUHCAS £b
], X6 2H AOUE i ke 3 AT RN . A ON SR ) 2
REFAEWFR 1 FT 5.

23 AMAXTEFEE KRNI

5 ] Stata BC2FHEAT 00 2007, 17 Gt U 45
7R A R AF 9 160 1 0 M R (3R 2), sk B BE ML
RSB R AT S5 4 Meta 3 HT . 45 B EOR, 5 R HMAE
IS A L, MR B R (P < 0.01) 2 1T 48 H
B E RN (B 2A. B, 3K 2). it W 4H 4 #r kB
(F 3), FMAKS KB (SMD = 7.23) 42 & i 2E S 3 H 14
)RR B U, R RE + fH A RLTE & kb 1R (SMID =
4.79) R R 2, #MAF KL (SMD = 4.50) £ = i oF
S 355 H 38 H 1 R 5 ORERRHR A R 1 1) 280 R A B
(K 20).

S TR BRI B 0 8 B A, W DA R T e R
LM 7K SRR B A S 43 4 AR A g AT 2H
BT (% 4). R4 N SCHR M5 B R H & &5
H<6 AWt 6 Hib. 9 Hkd I 18~36 Hib. S5 K
B, KSR AMATE < 6 H P H I & (SMD =
15.94) 3% BB df, $270 18~36 H Wi F 1 H 1%
H (SMD = 3.88) I & K & 2, #2751 6 H % (SMD =
4.71) F1 9 H#% (SMD = 4.70) i 21 5 H 184 58 ) 2% 5
FAAL o Ak, R R T i w5 i o S 38 3 ) 3 R
I 5 i Ak ) K S R ) ) T P 3 o £ v, kR
MR FI N 02~04kgd' >0.15kgd ' >0.1kgd s
180~210 d > 60~90 d (& 2D).

Meta 43 7 45 B 5 BRI > 50%, P < 0.1),
M 53 BT Ja . KR 43 I A TAD S 5 M R 45 2 BE S O
e, W o A 4 S R AR e R T A B AT VR .
K H Egger 28 14 [0 1475 M Begg 28 14 [0 475 45 & IR

| BIRG K F hif o Begg’s K4 Z=12.39 (P=10.017),
Egger’s ¥ 56 = 2.88 (P = 0.008), 77 ¥ H 1 5 iX
—FRPRAETE R R MW (Kl 3A); Begg's K156 Z=2.56
(P =10.010), Egger’s £ 36 ¢ = 1.92 (P = 0.070), & B 1§
1 X — R R AR R R AW A (& 3B).

K B — G B vk AT GO 43 1T, T P )
(1) SC R0 G FF N B R, 25 R RO, M BR AT
] — % SCHR X S ¥ 36 8 94 48 R FR AR 10 8 B IR AL
JOL B ¥) A 7 AR N 3 TR ST, R B R R s AR K
RE 5% WA 1Y) Meta 73 B 45 R R @ MR A0 0T, & IR N &
52 LR SCHR I 2 IS (] 3CL D).

2.4 FMEAXTEFE B E M R R

17 G5 6 45 SR S5 7% 7S [ BT % 04D £ 5 R 1k A
K (R 5), 1 5 Bl ML 2500 15 8 33 47 )5 52 Meta 73 #T o
L RAMAE ARG, #MA H B A X RV 7 A A
M, EA 5T BARAL, 2R AR 41 RN & KT
AR ZH () 4), B RS R AR S 2R v e E N A =
(SMD = 2.57). J& 5 % (SMD = 1.88) Hl fli 44 fig i &5 &=
fH (SMD = 1.65) (P < 0.001), & 25 3% Ji 5% 2 BR AL i
i (SMD = 1.24) (P < 0.05).

Meta 43 #7 45 54 5 0 8k (17> 50%, P < 0.1),
BT B et br N SCHR B I />, A AT
H oM, K H Egger 4 1% [ 572 J2 Begg 26 14 [ 9 7%
gEA R EAR G R R i . Bege's Kl Z=2.81 (P=
0.005), Egger’s ¥ 46 ¢ = 3.28 (P = 0.008), # 71~ li {4 &
X —F8 W5 A7 75 K R w5 (B 5A); Begg's 3t Z =
0.90 (P = 0.368), Egger’s i % 1 = 0.73 (P = 0.499), &
N B SR R A AEAE K K AW (K] 5B): Begg's
56 Z = 0.38 (P = 0.707), Egger’s i i t = 1.46 (P =
0.218), o~ i A& i 7 & B AH 1X — R s N AE R R
fhiff (B 5C); Begg’s #4362 =0.38 (P =0.707), Egger’s
KI5 ¢ =0.04 (P =0.973), &~ BRI A X —F8 b5 A
AAE R F s (B 5D).

K B — 5 BV AT BURME 5 b, 4R B,
TOH) 3% AT — i SC R X B = 1% BE 48 B 1 S5 I Rk
IR A L RS, 3 B I R X e S R S 1 A
5 1F] Meta 73 B 25 SR A 4 1 B, & JF RN B 32
B SCHR R 2 A (B 6).

25 BRI
K FRAFAE— B RIRTE: 1) 91\ Meta 43 #7 (1) %

http://cykx.lzu.edu.cn


http://cykx.lzu.edu.cn

%5 2 3] FEG 25 A AN B A A N =2 1k RE 2 R K] Meta 73 AT 471

T 1 ANERE KFHE

Table 1 Basic features of the literatures included in the Meta-analysis

- . EEnezikY| AR FEARE Samplesize RGN K e
] REEH s : : . W5z A5 b7
First author Year Experimental Animal XA kg2l Experimental MeasureElm/ent
animal age/month Control group Test group ~ period/d
0] A 2E
SU Yingying 2022 Male Tibetan sheep 20 20 60 MHH ) ©)
#i*! GUO Rong ®” 2022 42 Tibetan sheep 2 62 65 151 (1) ()
i) 2 216 7 A B RCR
LIU Meng, et al tl 2022 Hornless Oula Sheep 6 6 6 70 M A () (©)
pEAg PV E A S
ZHUANG Lei, et al"” 2021 Hornless Oula Sheep 6 20 20 70 ey
77" zHou Li'™ 2021 %2 Tibetan lamb 5 100 100 120 (1)
Ersg® ETRLTEES
WANG Cailian, et al'™” 2021 Oura-type of Tibetan sheep 9 10 10 210 (M
%% 27 HE Yuyun " 2019 J=F Tibetan sheep 2~3 25 25 68 )
Fmat el Ea
WANG Cailian, ef al™ 2018 Oura-type of Tibetan sheep 6 10 10 210 ey
# 1t 2" XUE Shijian " 2018 JF Tibetan sheep 6 20 20 75 (1)
L ) JEE
JING Xiaoping, et al 2017 Female Tibetan sheep 18 6 6 60 @
7(3'555[28] o 3] ke
FEE Rz 2 5 1@ 3)4)
LI Leilei ™ 2017 Oura-type of Tibetan sheep 18 15 15 70 (5) (6)
Ay e W
GUANG Youying B 2017 Tibetan sheep 20 20 50 1@
ZHOU Yuging" 2017 Tibetan sheep 6 30 30 75 €]
14 P 2 Il
XU Tianwei, et al [4] 2017 Tibetan sheep 12 6 6 135 @)
AT ZHAO Yali, eral™ 2017  J#2F Tibetan sheep 6 15 15 60 (1)
M%) XU Tianwei, eral"™™ 2016 J#F Tibetan sheep 36 15 15 70 (1) (2)
eSS =i o
ZHUO Yupu, et i 2016 Tibetan sheep 12~48 10 10 166 (1) ()
A g ) AEEE MHB@HG)
LI Shenglian, et al 23] 2016 Female Tibetan sheep 6 30 30 105 (©6)
TR LA 1 @) 3)4)
WANG Hongbo, et al™® 2013 Tipetan lamb 6 30 30 100 (5) (6)
25595 40 TR
LI Fangfang, ef al" 2012 Female Tibetan sheep 175 250 45 (H @
FE A E
WANG Yanji 0] 2012 Tipetan sheep 30 30 60 M
%2 HUA Zhuo, et al™" 2012 J# B} Female Tibetan sheep 10 10 60 1))
Lo R EIPAES
HAN Yincang, ot al™® 2009 Male Tibetan sheep 24 10 10 75 M@
Ao el ETRILT e
YU Zhongxiang () 2009 Oura-type of Tibetan sheep 8 3 3 50 OIOIOIC)
e L —
ZHENG Hong 1el 2008 Tibetan sheep 18~24 50 50 30 @)
2 pkP L1 Lin ® 2007 J#F Tibetan sheep 36 10 10 90 (1) (2)
A sty Il
YU Zhongxiang, et al . 1998 Tibetan sheep 18~19 16 16 30 1 @)
kD MA Yulin, et al 1321 1996 J# E=F Tibetan lamb 6 30 30 4)

WESEbR: ()T HME; QMEINE; Q)EFER; GREE; GIRNIR; (6)MAIRN & &1HE.

Measurements: (1) average daily gain; (2) net weight gain; (3) dressing percentage; (4) carcass weight; (5) eye muscle area; (6) grass rate value.
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Table 2 Meta-analysis of the effects of supplemental feeding on the growth performance of Tibetan sheep

S kT B PR 4% Standard mean difference St RIS Heterogeneity test
N KA EW = o A
Measurement Numblf/rs.Of BN BEXE(95%CI) P %% P
rescarclVplece  Effect size  Confidence interval
SFHEJH I E Average daily gain 28 5.48 4.23~6.73 <0.001 97.6 <0.1
y . .
1438 8 Net weight gain 23 5.50 3.88~7.13 <0.001 98.4 <0.1
Wi 1D FREELIEOE (95% CI) B
A suyd Standard mean difference  (95% CI)  Weight/% C
WANG Hongbo, et al. (2011) - 3.68(2.84,4.51) 531
1 Leilei (2016) w —— 12.35 (9.03, 15.66) 4.40
GUANG Youying, et al. (2022) e 5.67(4.25,7.09) 518
XU Tianwei, et al. (2014-2015) -, 3.80 (2,57, 5.03) 523
WANG Cailian, ef al. (2017-2018) — 7.86 (5.14,10.57) 4.68
LI Fangfang, ef al. (2009-2010) i - 12.96 (12.07, 13.86) 530
ZHUO Yupu, ef al. ((2013-2014) f 697 (4.53,9.41) 480 - Kkl
FrHEAS XU Tianwei, ef al. (2014-2015) ! ———%——— 21.60(12.07,31.13) 1.88 8 Concentrate
24k LI Lin (2006-2007) - 2.89(1.61,4.18) 521 2 |_‘_|
§ GUO Rong, et al. (2020-2021) . 4.22(3.59,4.85) 535 % FEL R |—H
#2525 HUA Zhuo, et al. (2010-2011) - ‘ 140 (1.00, 1.80) 537 E; Roughage
J§% ZHENG Hong (2006) O 1.92(1.45, 2.40) 536 S s . miE
REHE YU Zhoigxmlm etal. (1997) . 18051 16 245; 534 § R |+|
g X o . B . 5 Concentrate +
RO HAN Yincang, ef al. (2006) | : 1.22(0.25,2.18) 529 2 roughage
#HLE% HAN Yincang, ef al. (2005-2006) =, 253(1.32,3.73) 523 E -
LI Fangfang, et al. (2009-2010) - 10.93 (10.17, 11.69) 533 B Nuriti s |_‘_|
¥ utritional brick
UO Rong, etal. ( et al. (2020-2021) ] 8.42(7.32,9.52) 526 £
WANG Cailian, et al. (2017-2018) - 4.90 (3.08,6.73) 5.05 }; JR%
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Figure 2 Forest map and subgroup analysis of the effects of supplemental feeding on the growth performance of Tibetan Sheep
A: PHHBE,; B: AIE,: Co Mtk 28 B0 j 235 H 3 B R B WA 2 Hr s De J8E A oS FMEDRERE KT o 0 ] JE R 2
P H B E T WA ID RN TR 88 —1E % ROR Ry, FruE 387 (SMD) FRoR B8 &, BUCE R R X B2 SCHR BT
WME. KA. BH#SMD=0Hsk4, ﬁﬁ%ﬁzfﬂz LBRIR 95% CL, AN TEHI 95%C1 5 TR AR A, WL Fo i h Giit % 7 X
LB R REA — A B AR SMD H, HASRANEATERRAE RN, BERTHTNER, RREFEHNENE. B4H,
A: average daily gain; B: net weight gain; C: effects of supplemental feed type on the average daily gain of Tibetan sheep; D: effects of monthly age,

concentrate supplementation level, and supplemental feeding days on the average daily gain of Tibetan sheep. The study ID represents the first author and
the year of publication of the included literature, SMD represents the magnitude of the effect, and weight represents the weight of the corresponding
literature. The solid line of SMD = 0 in Figures A and B represents the invalid line, the line segment represents 95% CI, and the 95% CI of the included
study intersects the invalid line, indicating that the study was not statistically significant; a black dot in the middle of each line segment represents the SMD
value, and the outer quadrilateral of the black dot indicates the weight. The diamonds at the bottom of the graph represent the combined effect size. This is

applicable for Figure 4 as well.
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Table 3 Results of subgroup analysis of the effects of supplemental feed types on the average daily gain of Tibetan sheep

S ¢ IO O] S AR RN B S 4 BE S W 1Y) Meta Z3 T 473

AN 2K 7 I\?jr?;%;i;f FrifEAL Y% % Standard mean difference SFUPERT S Heterogeneity test
Types of s;;l;glementary resear ch/ %% E% = X ] (9 5%CI) » o -
piece Effect size Confidence interval
Fi#} Concentrate 14 7.23 5.02~9.45 <0.001 97.8 <0.1
F 1Ak Roughage 4 4.50 2.48~6.53 <0.001 94.4 <0.1
Fik}L + #H1AEL Concentrate + roughage 2 4.79 3.53~6.05 <0.001 87.1 0.192
B JEFR % Nutritional brick 5 3.66 1.36~5.95 0.02 96.3 <0.1
JREAMEL Urea 3 1.84 0.85~2.82 <0.001 59.6 0.084

®4 AMABRNEFE R HEEZ ML A FER

Table 4 Results of subgroup analysis of the effects of supplementing concentrate on the average daily gain in Tibetan sheep

W R Ak %)% % Standard mean difference 57 R 58 Heterogeneity test
KR Numbers of
Group research/ A BE X [8](95%CI) P 12/% P
piece Effect size  Confidence interval °
<6 3 15.94 8.50~23.39 <0.001 98.9 <0.1
5 T e 6 4 471 2.74~6.67 <0.001 92.3 <0.1
Tibetan sheep
age/month 9 3 4.70 1.41~8.00 0.005 90.2 <0.1
18~36 3 3.88 2.67~5.10 <0.001 52.9 0.12
FERLHMA K 0.1 3 4.26 1.76~6.76 0.001 92.6 <0.1
Concentrate
supplementa}i]on 0.15 3 4.87 3.64~6.11 <0.001 63.7 0.064
level/kg:d ) 92~04 6 11.74 7.22~16.26 <0.001 98.3 <0.1
M i ) 60~90 10 5.64 3.42~7.86 <0.001 97.6 <0.1
Supplemental
feeding days/d ~ 180~210 4 12.69 3.94~21.45 <0.001 98.6 <0.1
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Figure 3 Funnel plot and sensitivity analysis of the effects of supplemental feeding on the growth performance of Tibetan sheep

A RN FESE P 2 R SR R S B B AR R 1 Y E S AU S BT Ce ARG ST 2 G Y R ) SR s D Ab
o) X R v G E S W ) BB T B P @SRRI AT T, IR IR EAR X, A SRR A IR RN R 185 ). A AR R A R
FIE T & RO B, RN 95%CL

A: funnel plot of the effects of supplemental feeding on the average daily weight gain of Tibetan sheep; B: funnel plot of the effects of supplemental
feeding on the net weight gain of Tibetan sheep; C: sensitivity analysis of the effects of supplemental feeding on the average daily weight gain in Tibetan
sheep; D: sensitivity analysis of the effects of supplemental feeding on the net weight gain of Tibetan sheep. The e in Figures indicate the included studies,
the dotted line represents the confidence interval and the solid line in the middle represents the pooled effect size. This is applicable for Figures as well.

Estimates represent the pooled effect sizes excluding the study, and the dotted line represents the 95%CI.
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Table 5 Meta-analysis of the effects of supplemental feeding on the slaughter performance of Tibetan sheep

s b R WAL 5% % Standard mean difference S 7 MG 56 Heterogeneity test

PETEVR

Measurement umbes Ol MR BEKEOSC) e .

p Effect size  Confidence interval

B SE ~

Dressing percentage 7 1.88 1.07~2.69 <0.001 82.7 <0.1

Wil o B

Weight- adjusted fatness value 12 257 1.5973.55 <0.001 oL.6 <0.1

A T iy & = AH _

Carcass fat content value 6 1.65 0.70~2.60 0.001 87.1 <01
r

TR 6 1.24 0.13~2.35 0.029 91.5 <0.1

Eye muscle area
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Figure 4 Forest map of the effects of supplemental feeding on the slaughter performance of Tibetan Sheep
A: JAfRE; B: B¥EZE; C: AEMRGESREME; D: BULmMH.

A: carcass weight; B: dressing percentage; C: gross rate value; D: eye muscle area.
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Figure 5 Funnel plot of the effects of supplemental feeding on the slaughter performance of Tibetan sheep
A: ffRE; B: EEER, C: &R EEM: D: RULIH.

A: carcass weight; B: dressing percentage; C: gross rate value; D: eye muscle area.
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Figure 6 Sensitivity analysis of the effects of supplemental feeding on the slaughter performance of Tibetan sheep

A: JAfEE; B: BEE; C: AR EEME: D RALERA.
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A: carcass weight; B: dressing percentage; C: GR value; D: eye muscle area. Estimates represent the pooled effect size, excluding the study, and the

dotted line represents the 95%CIL.
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