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INTRODUCTION

The physical appearance characteristics of domestic animals have been one of the most discussed topics among
animal breeders. The subjects of discussion generally include the measurement tools and methods used to
determine these characteristics. Significant differences are observed among animal breeds both within themselves
and between each other in terms of physical appearance characteristics. While molecular techniques are used to
determine breeds and types in animals, morphological characteristics are generally utilized in current. It has been
reported by various researchers that one of the fundamental topics of animal breeding is the evaluation of the
physical appearance characteristics of animals (Diekman, 1991, Sekerden and Tapki, 2003).

Classical measurement methods are generally used to obtain data on body characteristics in domestic animals.
Measurement tools used in classical methods include the measuring stick (Lydin’s Stick), measuring compass
(Duerst’s goniometer), and measuring tape (Nilipour and Butcher, 1997). Many researchers have noted that
measuring large animals such as cattle and buffalo, small-sized animals like goats and lambs, and wild and semi-
domestic animals using classical methods can be time-consuming, difficult to apply, and prone to errors. The
results obtained from studies conducted by different researchers for morphological evaluation can be contentious
(Zehender et al., 1996). During the development of computer-based technologies, many processes that were
difficult and time-consuming until recently have become simpler and less time-consuming. Among these
technological applications, 'Image Processing Methods', which have origins in space research, have started to be
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used in the field of animal husbandry in recent years, as in many other fields (Grashorn and Komender, 1991;
Aktan, 2004).

The applicability of different IPMs in determining body measurements of Turkish Grey cattle, which are
protected within the scope of the conservation of native genetic resources, was evaluated. For this purpose, body
measurements of the breed were determined using different Image Processing Methods (IPM) and Classical
Methods (CM), and the methods were compared in this study.

MATERIALS AND METHODS

Material

The animal material for the research consisted of twenty head of one year old Turkish Grey Cattle Breed raised
at the Sheep Breeding Research Institute, affiliated with the Ministry of Agriculture and Forestry, General
Directorate of Agricultural Research and Policies (TAGEM). These animals were bred for the conservation of
genetic resources. The body measurement points for Turkish Grey Cattle Breed were determined based on the
measurement points reported by Ilaslan et al., (1983) for cattle and buffaloes.

a. Withers Height (WH): The length of the vertical line from the highest point of the withers (spinous process
of the 4th thoracic vertebra) to the ground.

b. Back Height (BH): The distance from the spinous process of the last thoracic vertebra (13th thoracic
vertebra) to the ground.

c¢. Rump Height (RH): The height from the highest point of the sacrum (most dorsal part of the sacrum at the
level of the tuber coxae) to the ground.

d. Chest Depth (CD): The depth from the highest point of the withers (spinous process of the 4th thoracic
vertebra) to the sternum (ventral surface of the sternum).

Image processing methods (IPMs)

In the method described as classical or traditional, body measurements were taken using measuring sticks and
measuring tapes known as measurement tools (Nilipour and Butcher, 1997). In the Fixed Scale Video (FSV), Fixed
Object Video (FOV), and Laser Pointer Video (LPV) methods, video images were captured using a Sony HDR-
CX105E® camera, while the Fixed Scale Photography (FSP), Fixed Object Photography (FOP), and Laser Pointer
Photography (LPP) methods utilized a Canon Digital IXUS-900TI® camera. The image capture devices were
fixed on tripods at a height of 75 cm. All images were recorded from a distance of 700 cm. For the FSV and FSP
methods, a fixed circular scale with a diameter of 12 cm, divided into segments and colored at one-centimeter
intervals, was placed on the animals as a reference source. In the FOV and FOP methods, a fixed object was used
as the reference source. For this purpose, two different reference points were identified on a platform created for
the animals' passage (190 cm and 32 cm). In the LPV and LPP methods, laser pointers emitting green light with
wavelengths and powers (532 nm wavelength and 5mW power) compliant with International Animal Welfare
criteria (ANSI 2000; IEC 1998) were used as the reference source. These details provide clarity on the equipment
and methods used for capturing images and establishing reference points in the study (Figure 1).
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Figure 1. Image processing methods

Image processing stages

For processing and analyzing digital images obtained through Image Processing Methods, Image Pro-Plus 4.5
Demo © software developed by Media WHbernetics, Inc. (MD-USA, 1995-2001) was utilized (Figure 2). In the
study, data obtained from classical measurements and image processing methods were compared statistically.
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Figure 2. Image processing stages

Variance Analysis Method (ANOVA) was used to determine the difference between the average of various
body measurements using CM and IPMs. The Duncan Multiple Range Test was used to determine which group
means are significantly different (Diizgiines ve ark. 1993). Linear Regression model was used for determination
of regression equations. The SPSS statistical software (1993) was used for the analysis and evaluation of the
results.

RESULTS AND DISCUSSION

The body measurements obtained using both methods in Turkish Grey cattle are presented. It was observed
that WH measured with CM was 97.05 cm, whereas measurements obtained with IPM ranged from 92.87 cm
(FSV) to 98.08 cm (FSP). Regarding WH, the highest difference was observed between CM and FSV at 4.31%,
while the lowest difference was 0.02% with FOV. Furthermore, positive and significant correlations were found
between CM and other methods. Specifically, the correlation coefficients between CM and FSV, FOV, and LPV
were calculated as 0.906 (p<0.01) each, while for FSP, FOP, and LPP they were 0.896 (p<0.01), 0.871 (p<0.01),
and 0.896 (p<0.01) respectively (Table 1).

In studies related to WH height, previous research (Kuchida et al., 1995; Zehender et al., 1996; Ozkaya, 2006;
Tozsér et al., 2000; Polak et al., 2007; Ozder and Onal, 2008) on various species such as cattle, calves, bulls, and
dairy cows have reported high compatibility between IPM and CM in determining WH, with correlation
coefficients ranging from 0.391 to 0.98, and significant levels (P<0.05 or P<0.01). The findings of our study align
with these literature results, demonstrating generally high compatibility between IPM and CM methods. In the
study of Turkish Grey cattle, Table 1 presents the body measurements obtained using both the CM and IPM
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methods for the variable BH. CM measured BH as 97.90 cm, whereas measurements obtained with IPM ranged
from 94.06 cm (FSV) to 98.27 cm (FSP). In terms of BH, the highest difference was observed between CM and
FSV at 3.92%, while the lowest difference was 0.05% with LPV.

Table 1. Body measurement

Methods X cp Ve B b Ef;)) e Diff. (%)
n=20
cM 97,05+1,35 6,24
FSV 92,87+1,21 582 0906%* 27 102 821 692 431
FOV 97,07+1,21 560 0906%*  -10 101 821 694 002
WH  LPV 97,52+1,27 580  0909%* 22 097 827 670 048
FSP 98,08+1,34 610 0896* 80 091 803 764 1,06
FOP 95,04+1,30 607 0871* 101 091 759 933 1,14
LPP 95,07+1,24 586 0896 43 098 803 762 2,04
Total 96,23+0,49 6,05
F 1,960
n=20
cM 97,001 ,43 6,53
FSV 94,06+1,31 623 0879 770 096 773 979 392
FOV 96,10+1,40 652  0950%* 487 097 902 421 184
BH  LPV 97,95+1,56 710 0944* 130 087 890 473 005
FsSP 98,27+1,44 655 0911** 907 090 830 734 038
FOP 95,02+1,43 6,66 0910 106 091 828 739 202
LPP 95,17+1,51 708 0933 136 089 871 556 2,79
Total 96,48+0,55 6,71
F 1,239
n=20
cM 100,65+1,41 6,20
FSV 97,52+1,38 632 0908 975 093 824 746 311
FOV 100,72+1,54 685 0953** 126 087 908 391 0,07
RH  LPV 102,32+1,67 730 0928** 203 079 860 590 166
FSP 102,66+1,68 732 0926* 206 078 858 600 2,00
FOP 100,11+1,62 725 0920 204 080 846 651 054
LPP 99,22+1,64 738 0918** 219 079 843 6,64 142
Total 100,46:0,60 7,02
F 1,265
n=20
cM 42,95+0,81 b 8.43
FSV 44,90+0,58 b 579 0683 03 095 467 737 454
FOV 47,21+0,70 a 660 0806**  -124 094 650 484 9,92
cO  LPV 48,25+0,74 a 687 0576** 126 063 332 9024 1234
FSP 48,55+0,80 a 735 0768 511 078 590 567 13,04
FOP 47,66+0,89 a 830 0658 146 060 434 783 10,97
LPP 47,760,702 653  0714* 335 08 510 677 11,20
Total 46,75:0,32 8,13
F 7,500%

a-b: Means within rows with different superscript alphabets are significantly different (**; p<0.01). (VC: Coefficient of
variation, r: correlation coefficient, R2: The coefficient of determination, e:error)

Positive and significant correlations were found between CM and other methods. Specifically, the correlation
coefficients between CM and FSV, FOV, and LPV were calculated as 0.879 (p<0.01), 0.950 (p<0.01), and 0.944
(p<0.01), respectively. For FSP, FOP, and LPP, the coefficients were 0.911 (p<0.01), 0.910 (p<0.01), and 0.933
(p<0.01), respectively. In studies related to BH measurement, previous researchers (Zehender et al., 1996; Ozkaya,
2006; Ozder and Onal, 2008) have reported high compatibility between IPM and CM methods in various species,
including cattle and sheep, with correlation coefficients ranging from 0.86 to 0.93, and significant levels (P<0.01).
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These studies have demonstrated that there is generally no statistically significant difference between CM and IPM
methods in determining BH.

In the study of Turkish Grey cattle, the average value of RH measured by CM was 100.65 cm, while
measurements obtained with IPM ranged from 97.52 cm (FSV) to 102.72 cm (SFOV). Regarding RH, the highest
difference was observed between CM and FSV at 3.11%, while the lowest difference was 0.07% with FOV.
Positive and significant correlations were found between CM and other methods. Specifically, the correlation
coefficients between CM and FSV, FOV, and LPV were calculated as 0.908 (p<0.01), 0.953 (p<0.01), and 0.928
(p<0.01), respectively. For FSP, FOP, and LPP, the coefficients were 0.926 (p<0.01), 0.920 (p<0.01), and 0.918
(p<0.01), respectively. In previous studies, Bianconi and Negretti (1999) reported a correlation coefficient of 0.96
for cattle, Polak et al. (2007) found a coefficient of 0.66 for bulls using IPM, Core et al. (2008) reported coefficients
ranging from 0.66 to 0.74 for cattle, and Ozder and Onal (2008) found a coefficient of 0.91 for cattle. In studies
involving different species, Negretti et al. (2004) reported a coefficient of 0.97 for goats (P<0.01), and Onal and
Ozder (2008) reported a coefficient of 0.83 for sheep, indicating high compatibility between IPM and CM in
determining RH. However, it is worth noting that Kuchida et al. (1995) reported a lower correlation coefficient of
0.198 (P>0.05) for cattle using IPM compared to other studies. This suggests variability in the reported correlations
across different research efforts.

The average value of CD measured by CM was 42.95 cm, while measurements obtained with IPM ranged from
44.99 cm (FSV) to 48.55 cm (FSP). Regarding CD, the highest difference was observed between CM and FSP at
13.04%, while the lowest difference was 4.54% with FSV for Turkish Grey Cattles. Positive and significant
correlations were found between CM and other methods. Specifically, the correlation coefficients between CM
and FSV, FOV, and LPV were calculated as 0.683 (p<0.01), 0.806 (p<0.01), and 0.576 (p<0.01), respectively. For
FSP, FOP, and LPP, the coefficients were 0.768 (p<0.01), 0.658 (p<0.01), and 0.714 (p<0.01), respectively. In
previous studies, Kuchida et al. (1995) reported a correlation coefficient of 0.65 for cattle, Bianconi and Negretti
(1999) found a coefficient of 0.86 for cattle, Tozsér et al. (2000) reported coefficients of 0.86 for calves (P<0.01)
and 0.87 for dairy cattle (p<0.01), Ozkaya (2006) reported a coefficient of 0.94 for cattle (p<0.01), and Ozder and
Onal (2008) found a coefficient of 0.87 for cattle (p<0.01). In studies involving different species, Onal and Ozder
(2008) reported a coefficient of 0.77 for sheep (p<0.01). These studies indicate high compatibility between IPM
and CM in determining CD. However, Maroti-Agots et al. (2005) reported a statistically significant difference
between IPM and CM in determining CD (P<0.01). The higher proportional difference between the two methods
in CD could be attributed to variations in the animals' back and abdomen hair condition.

CONCLUSION

In Turkish Grey Catte, it has been determined that Image Processing Methods can be used to measure body
dimensions such as WH, BH, RH, and CD. Overall, it has been found that the relationship between the two methods
is high and statistically significant across all measurement points. The lower correlation observed in CD between
the two methods may be attributed to the animals' back and abdominal wool condition. Methods utilizing video
cameras for image capture provide the capability to capture animal images at desired points, which can potentially
yield more accurate results.
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