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Table 1 Phenotypic measurements of meat performance in sheep and goats
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Figure 1 Diagram of the intelligent sheep weighing and grouping
system (adapted from ref. [25] with copyright permission). 1, function
button; 2, built-in control system; 3, touch screen; 4, barrier door; 5,
infrared photoelectric sensor; 6, weighing frame; 7, cylinder; 8, entrance
door; 9, fence gate; 10, ear tag reader
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Figure 2 Feature point location for the manual measurement (A and B) and pickup range of the machine visual feature point (C and D) (adapted from
ref. [34], open access). A and B: Location of the body-scale data measurements on the sheep (height at withers: a—ground; body slanting length: c—e;
chest depth: a—d; chest circumference: f—f; shank circumference: g—g; hip height: b—ground; shoulder width: h—i; rump width: j—k); C and D:

range of lateral and dorsal body-scale points measured on sheep
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Figure 3 Interface of the noncontact automatic measurement system for determining the ruminant body size. Region A: Latest collected animal ear
tag number; Region B: body size information that has been measured; Region C: prompt for system operation status; Region D: three-dimensional

reconstructed point cloud shape of the animal
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Figure 4 Ultrasound images of the backfat thickness (left) and eye muscle area (right) of a sheep
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Table 2 Comparison of phenotypic identification methods for assessing meat performance

Jiik RN B TR

WEEER  WERR O WEEE e 5 Bt BEIR
n e L
BEREARRG kR PR BB EAEE g Raggy FRUIDIRAE o)
WE EREE EIEE
e E
A
R T S A Y A, % RN, B
= EARRER TwaT smieesm T sk mxdRirr B2
BLa b 5k EL B B
A o i R
L RS pe e 2RAER FRW, =4 R, Bl
=4 ﬁ%k H@M i} e P RO B b 4449
it ‘E At ls
" TR, e SRR
B IR B s GERME e ok o PR (s sy
= ﬂﬁﬁ /\l/ll-l Y223
Al
A, WG A B, R
L : ; ST M THEENES SR EsR,  [57~59,
WERREE REARRA EERI W ERwE e DREEENED SHBLRAR 1
5k P
e e BEROLH BR el RN, RS
B AR AR LSRRI ERIN a5 R +++ FahF AL, g2 [8,70~73]
FEFE. GRSRFE  REMR A OB L
It
BERG BRL WAEE PR AT AR R
i OREL TR _— BRI
5% e g st EUER s .
TEC ovpmm e, bmpe, BERAL ME gpaiy BAREosmup
e e LPN
I 1 N
p%%égggi k. pi, o HEEAE Ko AR

W, mmx  WE

a) -+ i e B

I A DN PR PR A2 E R R AR DA A R0E G — 1]
AL CABTURIL, K e R A s A R, H
i R 505 R A P AR 6 B R IE ARG, 4 2 P
HERI 5 B8 A AR I T AR = PP RETTO E,
FA S AOHL, WK & BRI AT 408, 3R1E
X & NAE S BEHEXOE B, F 20 ol ok i 25 H AN
FEMERCH, SCBLE AR K & MR IR IR F K. BRI,
AN 10 B 2 5 i A 0 PR P A RE R AR P DORE
SR BT OR B O R R B

4.3 NSRS FARICAEREL K E v i LA
RPN th S IR ARSI [/ P Y, i/

996

BALTRI AT, PRI R R R MR 2 T JeE v
MR S DO A A B R R R A R R AT
FEFERI R | 5 HAbANMA AR 5 2 R R
AL FFBARMADNG B2 IR0, XL
RN T (N SR DA AR O i R, IR
Sy FARC AT AR, R AR TR A T 2R
TFE A R R BPIR T 5, ST ARGE . HEWRI 2> T
PRSI 7 206 I FEAh PP Ak F TV 2L P,
B2 T AR ICHH B 7 AR ACKE 22 R 71 5 2 A B AR &5
o, B ZAFRARTF BRI R B AT
SN AL A AME VRS, s AR RE A SR A/
b R I2E B ARG 7



P EBNE: ARl 2023 4 53 % A 7

44 BTERMNE A R A R
T

PG AL AN L A0 T ot IR TE IR R e e %, th
T TT FRE ARG Ao 5T 98 50K VHE 56 € O B AT 5. H A,
FE SR X A A e R R S e e TR S AR AN
PRUE, W R FIRANER, (AR SRR I e i
TRAEAS 2R Py R AR BEAT I &, HAS R 7T A
SRR FEAOIE WA A BT AN, BRIk, 7R A

N2 5E BE W% i A2 SO A AE T A% O 3R R L S e
WA, LR R R A 5 A R D9 Ah . RIS, 2% St
A R AR, e s e eGSR,
il 5 3 FH AN () il ol 6] PR P A 2 28 56 5 T 9 i
R, MVEAMPERER LS E VM BORR R, Rl &
LA BE R A e AR L TP 6, WCERAS IR R A
R, U0 A S B B R A2 3 AR 4R 1
%,

%3k

1

Halachmi I, Guarino M, Bewley J, et al. Smart animal agriculture: application of real-time sensors to improve animal well-being and production.

Annu Rev Anim Biosci, 2019, 7: 403-425

2 LiF D, Wang W M, Le X P, et al. The past, present, and future of meat sheep breeding industry (in Chinese). China Anim Ind, 2021, 13: 29-33
[ZER 20, FYER, SREEMS, 46, WaEMLIIIER . S RAER. HE &0k, 2021, 13: 29-33]
Matarneh S K, Silva S L, Gerrard D E. New insights in muscle biology that alter meat quality. Annu Rev Anim Biosci, 2021, 9: 355-377
4 Zhang L. Genome-wide association studies for growth and meat production traits in sheep (in Chinese). Dissertation for Doctoral Degree.
Beijing: Chinese Academy of Agricultural Sciences, 2013 [5KF. 43 R AR A JE R R0, 122000 5T, dbat: R EROI R P,
2013]
5 Berry D P. Breeding the dairy cow of the future: what do we need? Anim Prod Sci, 2015, 55: 823-837
6 Qin Q, Liu Z H, Zhao C, et al. Application of machine vision technology in livestock and poultry (in Chinese). Agric Eng, 2021, 11: 27-33 [& &,
XNELL, BAE, . HLES IS ARTE &0k R . Rk T, 2021, 11: 27-33]
7 Nyalala I, Okinda C, Kunjie C, et al. Weight and volume estimation of poultry and products based on computer vision systems: a review. Poult
Sci, 2021, 100: 101072
8 Lei Y, HuXJ, Jiang M L, et al. Research progress on application of hyperspectral imaging technology in meat quality of livestock and poultry (in
Chinese). J Food Safe Qual, 2021, 12: 84048411 [F#5, BB ZE, H 5AK, &5, @ il UGB R T 8 & P iUt 7o g, B 2 e &
Kl 244, 2021, 12: 8404-8411]
9 Reis M M, Van Beers R, Al-Sarayreh M, et al. Chemometrics and hyperspectral imaging applied to assessment of chemical, textural and
structural characteristics of meat. Meat Sci, 2018, 144: 100-109
10 Zhao Y, Zhang D Y, Zhang Y K, et al. Estimation of genetic parameters and breeding value of body weight at different stages of Hu sheep growth
and development and genetic correlations with key feed efficiency indices (in Chinese). Pratacult Sci, 2022, 39: 352-361 [#XJ&, FK A E[, 5K 453,
SEHEEA R B LS HUS BB AL T A S R R R B A A D%, AR A7, 2022, 39: 352-361]
11 dos Santos G V, Santos N P S, Figueiredo Filho L A S, et al. Comparison of genetic parameters and estimated breeding values for worm
resistance in meat sheep obtained using traditional and genomic models. Trop Anim Health Prod, 2021, 53: 283
12 Li X, Yang J, Shen M, et al. Whole-genome resequencing of wild and domestic sheep identifies genes associated with morphological and
agronomic traits. Nat Commun, 2020, 11: 2815
13 Zhang T'Y, Wei X, Zhang Q, et al. Progress on application of genomic selection in sheep and goat breeding (in Chinese). Acta Vet Zoo Sin, 2018,
49: 25352542 [FKGEH, B, TKE), 55, BRI FRAL FE R0 b A0S IR, B4R B BR 2R, 2018, 49: 2535-2542]
14 LiM, Zhou Q, Pan Y, et al. Screen of small fragment mutations within the sheep thyroid stimulating hormone receptor gene associated with litter
size. Anim Biotechnol, 2021, doi: 10.1080/10495398.2021.1992415
15 Zhang D, Zhang X, Li F, et al. Whole-genome resequencing identified candidate genes associated with the number of ribs in Hu sheep.
Genomics, 2021, 113: 2077-2084
16

Massender E, Brito L F, Canovas A, et al. The value of incorporating carcass trait phenotypes in terminal sire selection indexes to improve

carcass weight and quality of heavy lambs. J Anim Breed Genet, 2021, 138: 91-107

997


https://doi.org/10.1146/annurev-animal-020518-114851
https://doi.org/10.1146/annurev-animal-021419-083902
https://doi.org/10.1071/AN14835
https://doi.org/10.1016/j.psj.2021.101072
https://doi.org/10.1016/j.psj.2021.101072
https://doi.org/10.1016/j.meatsci.2018.05.020
https://doi.org/10.1007/s11250-021-02705-3
https://doi.org/10.1038/s41467-020-16485-1
https://doi.org/10.1080/10495398.2021.1992415
https://doi.org/10.1016/j.ygeno.2021.05.004
https://doi.org/10.1111/jbg.12484

A ML A RITERER R S E M S BUIR 5 FR

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

998

Hunan Provincial Bureau of Quality and Technical Supervision. DB43/T 794-2013 Technical Regulations for Performance Measurement of Meat
Sheep and Goats (in Chinese). 2013 [ 524 i S H AW B 5. DB43/T 794-2013 A2 R8I E B MR, 2013]

Ministry of Agriculture of the People’s Republic of China. NYT 12362006 Technical Specifications for Measuring the Production Performance
of Sheep and Goats (in Chinese). 2006 [ A\ RFLAIE AR ML, NYT 1236-2006% 11124 7= PE AR I H AR M. 2006]

Baoding Administration for Market Regulation. DB1306/T 159-2019 Technical Specification for Measuring Meat Performance of Sheep and
Goats (in Chinese). 2019 [{f5E T 1z W B & B, DB1306/T 159-20192F P A RN 72 H AR M TE. 2019]

Anhui Provincial Bureau of Quality and Technical Supervision. DB34/T 1959-2013 Technical Specifications for Measuring the Traits of Meat
Goat Breeds (in Chinese). 2013 [Z#{4& i EHA M E /F. DB34/T 19592013 A 1L 2 2 PEAR I 58 H AR MTE. 2013]

HuBei Administration for Market Regulation. DB42/T 1618-2021 Technical Specification for Measuring the Production Performance of Meat
Goats (in Chinese). 2021 [#iJ1b4& 737 W B & B/, DB42/T 16182021 A1 1l 242 7= P g I 52 H R MTE. 2021]

Zhang L N, Wu P, Wuyun T N, et al. Real-time non-contact monitoring method for growth parameters of sheep based on image analysis (in
Chinese). Transact Chin Soc Agric Eng, 2017, 33: 182191 [FKEHME, sUM, =550, 5. 3T BUKH P2 A K SHm) TRl i 7772, R
Mk 225, 2017, 33: 182-191]

Zhao Z X. Application and research of image fusion technology in sheep body size measurement (in Chinese). Dissertation for Master’s Degree.
Baotou: Inner Mongolia University of Science & Technology, 2015 [#X 555, EIE A& 4 ARTE 24 U0 & P (1 B2 0F 7. 2078 50 sk
W R R, 2015]

Gonzalez-Garcia E, Alhamada M, Pradel J, et al. A mobile and automated walk-over-weighing system for a close and remote monitoring of
liveweight in sheep. Comput Electron Agr, 2018, 153: 226-238

Sun J Y, Xuan C Z, Yu W B, et al. Design of intelligent sheep weighing and grouping system for large-scale sheep farms (in Chinese). J China
Agric Univ, 2020, 25: 6471 [Fh23%, BEALE, T 30K, 55, MUBLIRES N E R R E MR Gt PEARR Y74, 2020, 25: 64—
71]

Zhu X B. Study on the design of sheep smart grouping system by weight (in Chinese). Dissertation for Master’s Degree. Hohhot: Inner Mongolia
Agricultural University, 2019 [ZIBe. 2 R EERRE AL R AR HIF 0. Bld 220008 30 MRS SRl K2, 2019)

Fernandes A F A, Doérea J R R, Rosa G J M. Image analysis and computer vision applications in animal sciences: an overview. Front Vet Sci,
2020, 7: 551269

Ma C, Chen X D. Application and development of machine vision technology in agricultural fields (in Chinese). J Ningxia Agric Forest Sci
Technol, 2021, 62: 65-70 [, BRFER. HLASLGEH ARLE LA R KOk &, T B ARMEHS, 2021, 62: 65-70]

Yang T, Li X X. Research progress of machine vision technology in modern agricultural production (in Chinese). J Chin Agric Mech, 2021, 42:
171-181 [#5¥%, ZE5ee. HLERLESORAEBUCAR ML OB Tk . P AR ML AR, 2021, 42: 171-181]

Yue W. Sheep body size measurement based on machine vision (in Chinese). Dissertation for Master’s Degree. Baotou: Inner Mongolia
University of Science & Technology, 2015 [, FT WAL FIE AT &, A5 A0e 30, Ak W ERE RS, 2015]

Vieira A, Branddo S, Monteiro A, et al. Development and validation of a visual body condition scoring system for dairy goats with picture-based
training. J Dairy Sci, 2015, 98: 6597-6608

Khojastehkey M, Aslaminejad A A, Shariati M M, et al. Body size estimation of new born lambs using image processing and its effect on the
genetic gain of a simulated population. J] Appl Anim Res, 2015, 44: 326-330

Menesatti P, Costa C, Antonucci F, et al. A low-cost stereovision system to estimate size and weight of live sheep. Comput Electron Agr, 2014,
103: 33-38

Qin Q, Dai D, Zhang C, et al. Identification of body size characteristic points based on the Mask R-CNN and correlation with body weight in
Ujumgin sheep. Front Vet Sci, 2022, 9

Zhang L, Wu P, Wuyun T, et al. Algorithm of sheep body dimension measurement and its applications based on image analysis. Comput Electron
Agr, 2018, 153: 33-45

Shi C, Teng G, Li Z. An approach of pig weight estimation using binocular stereo system based on LabVIEW. Comput Electron Agr, 2016, 129:
37-43

Zhang J, Zhuang Y, Ji H, et al. Pig weight and body size estimation using a multiple output regression convolutional neural network: a fast and
fully automatic method. Sensors, 2021, 21: 3218

Li Q, Liu W, Zhao J M. Non-contact measurement of bovine body size based on binocular vision and Mask RCNN (in Chinese). Heilongjiang


https://doi.org/10.1016/j.compag.2018.08.022
https://doi.org/10.3389/fvets.2020.551269
https://doi.org/10.3168/jds.2015-9428
https://doi.org/10.1080/09712119.2015.1031789
https://doi.org/10.1016/j.compag.2014.01.018
https://doi.org/10.3389/fvets.2022.995724
https://doi.org/10.1016/j.compag.2018.07.033
https://doi.org/10.1016/j.compag.2018.07.033
https://doi.org/10.1016/j.compag.2016.08.012
https://doi.org/10.3390/s21093218

REBE: ARl 2023 4 53 % 7

39

40

41

42
43

44

45

46
47

48

49

50

51

52

53

54

55

56

57

58

59

Anim Sci Vet Med, 2020, 6: 46-50 [Z=F, XI5, B a2 26T 0 H #5E S Mask RCNN 44 R IE Al &=, ST & 4 EE, 2020, 6: 46—
50]

Kamchen S G, Fernandes dos Santos E, Lopes L B, et al. Application of depth sensor to estimate body mass and morphometric assessment in
Nellore heifers. Livestock Sci, 2021, 245: 104442

Zhang L N. Study on sheep’s body size measurement based on cross-angle computer vision (in Chinese). Dissertation for Doctoral Degree.
Hohhot: Inner Mongolia Agricultural University, 2017 [FKFRSF. 2T ESALA LA 022 R AR RSH00 & 5 50 7. 1 =008 5L IRRIE
e WEERIRE, 2017]

Le Cozler Y, Allain C, Caillot A, et al. High-precision scanning system for complete 3D cow body shape imaging and analysis of morphological
traits. Comput Electron Agr, 2019, 157: 447453

Zhang X, Liu G, Jing L, et al. Automated measurement of heart girth for pigs using two Kinect depth sensors. Sensors, 2020, 20: 3848
Pezzuolo A, Guarino M, Sartori L, et al. On-barn pig weight estimation based on body measurements by a Kinect vl depth camera. Comput
Electron Agr, 2018, 148: 29-36

LiJ W, Ma W H, Li QF, et al. Automatic acquisition and target extraction of beef cattle 3D point cloud from complex environment (in Chinese).
Smart Agric, 2022, 4: 64-76 [FF 0L, TR, FETIE, & SRME T RE =4 i s B S HFRRIUE. B 2L (h3E30), 2022, 4: 64—
76]

Pezzuolo A, Guarino M, Sartori L, et al. A feasibility study on the use of a structured light depth-camera for three-dimensional body
measurements of dairy cows in free-stall barns. Sensors, 2018, 18: 673

Huang L, Li S, Zhu A, et al. Non-contact body measurement for Qinchuan cattle with LiDAR sensor. Sensors, 2018, 18: 3014

Huang L, Guo H, Rao Q, et al. Body dimension measurements of Qinchuan cattle with transfer learning from LiDAR sensing. Sensors, 2019, 19:
5046

Guo H, Ma X, Ma Q, et al. LSSA_CAU: an interactive 3D point clouds analysis software for body measurement of livestock with similar forms
of cows or pigs. Comput Electron Agr, 2017, 138: 60-68

Ma X L, Xue H R, Zhou Y Q, et al. Point cloud segmentation and measurement of the body size parameters of sheep based on the improved
region growing method (in Chinese). J China Agric Univ, 2020, 25: 99-105 [ 557z, B, FHiF, S5, 3T o0t X3 AE Kk 2B b =4y
BN SRR ZHN &, F E AR Ob K24, 2020, 25: 99-105]

ChuMY, SiY S, Li Q, et al. Research advances in the automatic measurement technology for livestock body size (in Chinese). Transact Chin
Soc Agric Eng, 2022, 38: 228-240 [¥1%31, &K NE, 2500, & K E MR AshllE B AR 7. £k THREZER, 2022, 38: 228-240]
Font-i-Furnols M, Garcia-Gudifio J, Izquierdo M, et al. Non-destructive evaluation of carcass and ham traits and meat quality assessment applied
to early and late immunocastrated Iberian pigs. Animal, 2021, 15: 100189

Ni D B, Liu W H, Hu J Y. Study on the measurement method of back fat thickness and eye muscle area (B-ultrasound) in live pigs (in Chinese).
Anim Breed Feed, 2015, 1: 5-9 [{ifuX, XIEE %, SAF 5. MiSESEE . RGN 71 5. F2E 51k, 2015, 1: 5-9]
Xia X, Zhao S H, HuJ Y, et al. Influencing factors of breeding pig living performance detection by B-mode equipment (in Chinese). J Agric Sci
Technol, 2019, 21: 37-42 [E ik, 4L, HIZE 5, 55, B AR H AR ML BN A R M 04T, T AL R RKR, 2019, 21: 37-42]

Zhou Z Y, Zhang Y, Li H B, et al. B-ultrasonic measuring technology of livestock backfat thickness and eye muscle area (in Chinese). Mod Agric
Sci Technol, 2014, 2: 298-299 [J#R 55, 5k#7, 2400, 55 K& WIS SRR MBRE I EEOR. BUCKLAREE, 2014, 2: 298-299]
Anderson F, Cook J, Williams A, et al. Computed tomography has improved precision for prediction of intramuscular fat percent in the M.
longissimus thoracis et lumborum in cattle compared to manual grading. Meat Sci, 2018, 145: 425-430

Pei W R. The application of CT (computer tomography) technology in paleontology (in Chinese). Sci Technol Innovat, 2020, 29: 27-29 [3£ 3 ¥f.
CTHARGH N Z B AL & A2 BN AL FEABOREIHT, 2020, 29: 27-29]

Olsen E V, Christensen L B, Nielsen D B. A review of computed tomography and manual dissection for calibration of devices for pig carcass
classification—evaluation of uncertainty. Meat Sci, 2017, 123: 35-44

Walkom S F, Gardner G E, Anderson F, et al. Capturing lean distribution in lamb carcases is of more value to the processor than the breeder. Meat
Sci, 2021, 181: 108524

Shao Y W K, Ren Z Q, Sun C H, et al. Research progress in evaluating pig carcass composition using computed tomography (CT) (in Chinese).
Swine Ind Sci, 2019, 36: 116-119 [H8 B4k ve, (EER, FhERE, 5. TN EIAM(CT) X IR AR RSP I T . R, 2019, 36:
116-119]

999


https://doi.org/10.1016/j.livsci.2021.104442
https://doi.org/10.1016/j.compag.2019.01.019
https://doi.org/10.3390/s20143848
https://doi.org/10.1016/j.compag.2018.03.003
https://doi.org/10.1016/j.compag.2018.03.003
https://doi.org/10.3390/s18020673
https://doi.org/10.3390/s18093014
https://doi.org/10.3390/s19225046
https://doi.org/10.1016/j.compag.2017.04.014
https://doi.org/10.1016/j.animal.2021.100189
https://doi.org/10.1016/j.meatsci.2018.07.025
https://doi.org/10.1016/j.meatsci.2016.08.013
https://doi.org/10.1016/j.meatsci.2021.108524
https://doi.org/10.1016/j.meatsci.2021.108524

7

AR SRR AR A PR RE R T E W U UIR S R

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Clelland N, Bunger L, McLean K A, et al. Prediction of intramuscular fat content and shear force in Texel lamb loins using combinations of
different X-ray computed tomography (CT) scanning techniques. Meat Sci, 2018, 140: 78-85

Matika O, Riggio V, Anselme-Moizan M, et al. Genome-wide association reveals QTL for growth, bone and in vivo carcass traits as assessed by
computed tomography in Scottish Blackface lambs. Genet Sel Evol, 2016, 48: 11

Kvame T, McEwan J C, Amer P R, et al. Economic benefits in selection for weight and composition of lamb cuts predicted by computer
tomography. Livestock Prod Sci, 2004, 90: 123-133

Kongsro J, Ree M, Kvaal K, et al. Prediction of fat, muscle and value in Norwegian lamb carcasses using EUROP classification, carcass shape
and length measurements, visible light reflectance and computer tomography (CT). Meat Sci, 2009, 81: 102-107

Clelland N, Bunger L, McLean K A, et al. Prediction of intramuscular fat levels in Texel lamb loins using X-ray computed tomography scanning.
Meat Sci, 2014, 98: 263-271

Navajas E A, Lambe N R, McLean K A, et al. Accuracy of in vivo muscularity indices measured by computed tomography and their association
with carcass quality in lambs. Meat Sci, 2007, 75: 533-542

Ren Z Q. Research on the application of computed tomography for in vivo estimation of carcass and meat quality traits in Duroc boars (in
Chinese). Dissertation for Master’s Degree. Yangling: Northwest A&F University, 2021 [/£& 58, T 5L Z F36 78 7 A0 i A 3% 52 Fh A 5 i
AN BRI BT AT, 2 Ari0 S0, Bpie: DHALRMEHECRAE, 2021]

Guo T, Huang M, Zhu Q, et al. Hyperspectral image-based multi-feature integration for TVB-N measurement in pork. J Food Eng, 2018, 218:
61-68

Tian Y W, Wang X J. Nodestructiv inspections of agricultural products based on hyperspectral image (in Chinese). J Agric Mech Res, 2009, 31:
220-222+226 [HA X, Fheds. BT =t B BRI ™ & i eI, RALET T, 2009, 31: 220-222+226]

Xia Y'Y, Zhao L. Advances in Application of Hyperspectral Imaging in Nondestructive Testing for Meat Safety Evaluation (in Chinese). J Food
Sci Biotechnol, 2020, 39: 6-13 [ A7%%, B2 il AR SRR P2 %2 A= Toar sl (¥ B2 A FEadk . b 5 2L B 2441k, 2020, 39: 6-13]
Jiang H, Cheng F, Shi M. Rapid identification and visualization of jowl meat adulteration in pork using hyperspectral imaging. Foods, 2020, 9:
154

Jia W, van Ruth S, Scollan N, et al. Hyperspectral Imaging (HSI) for meat quality evaluation across the supply chain: current and future trends.
Curr Res Food Sci, 2022, 5: 1017-1027

Antequera T, Caballero D, Grassi S, et al. Evaluation of fresh meat quality by hyperspectral imaging (HSI), nuclear magnetic resonance (NMR)
and magnetic resonance imaging (MRI): a review. Meat Sci, 2021, 172: 108340

Wang C, Wang S, He X, et al. Combination of spectra and texture data of hyperspectral imaging for prediction and visualization of palmitic acid
and oleic acid contents in lamb meat. Meat Sci, 2020, 169: 108194

King J W B, Roberts R C. Carcass length in the bacon pig; its association with vertebrae numbers and prediction from radiographs of the young
pig. Anim Prod, 1960, 2: 59-65

Zhang Z, Sun Y, Du W, et al. Effects of vertebral number variations on carcass traits and genotyping of Vertnin candidate gene in Kazakh sheep.
Asian Australas J Anim Sci, 2017, 30: 1234-1238

Yang J M, Wen Y L, Feng Z P, et al. Correlation analysis for beef performance and multi-vertebra properties of Jinchuan yak (in Chinese). J
Domest Anim Ecol, 2015, 36: 26-30 [¥3#, SCHAL, G IEF, 55 S HEA 0 MEHEAL AR 3 R H 57 I MEBE ISR 0. R &8 AR,
2015, 36: 26-30]

1000


https://doi.org/10.1016/j.meatsci.2018.03.003
https://doi.org/10.1186/s12711-016-0191-3
https://doi.org/10.1016/j.livprodsci.2004.03.002
https://doi.org/10.1016/j.meatsci.2008.07.004
https://doi.org/10.1016/j.meatsci.2014.06.004
https://doi.org/10.1016/j.meatsci.2006.09.007
https://doi.org/10.1016/j.jfoodeng.2017.09.003
https://doi.org/10.3390/foods9020154
https://doi.org/10.1016/j.crfs.2022.05.016
https://doi.org/10.1016/j.meatsci.2020.108340
https://doi.org/10.1016/j.meatsci.2020.108194
https://doi.org/10.1017/S0003356100033493
https://doi.org/10.5713/ajas.16.0959

REBE: ARl 2023 4 53 % 7

Phenotypic identifications of meat performance for sheep and goats

LI ZhongHui', LIU ChenXi', MA WeiHong”, DENG KaiPing’, CHEN ShanYuan®,
LIAN ZhengXings, ZHANG WenGuang(’, LIU ZhiHong6 & LI WenRong1

1 Institute of Biotechnology, Xinjiang Academy of Animal Science, Urumgqi 830011, China;
2 Information Technology Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China;
3 Institute of Haimen Goat Industry, Nanjing Agricultural University, Nanjing 210095, China;
4 College of Ecology and Environmental Science, Yunnan University, Kunming 650500, China;
5 College of Animal Science and Technology, China Agricultural University, Beijing 100193, China;
6 College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China

The meat performance of sheep and goats determines the yield and quality of the meat produced. Identifying phenotypic meat
performance traits facilitates the development of excellent breeds and promotes genetic improvement in sheep and goats. Current
identification methods for meat performance phenotypes mainly depend on manual measurements, which are time-consuming,
laborious, and low-throughput. With the progress of machine vision, spectral imaging, artificial intelligence, and other cutting-edge
technologies, phenotypic identification methods have gradually shifted to noncontact automatic measurements to achieve accurate
high-throughput identifications. However, a large amount of data and complex image algorithm processing have become major
challenges to developing intelligent phenotype identification techniques. Here, we focused on identifying the phenotypic traits of
meat performance, summarizing advances in phenotype identification methods, and highlighting the emerging trends and future
prospects around phenotypic traits identification to provide a reference for selecting a meat performance phenotype identification
method for sheep and goats.

sheep and goats, meat performance, phenotype identification, measurement methods
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