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Effect of Smudgy Degree on Temperature Distribution of the Udder Surface in Dairy Cow

PENG Dan-dan, CHEN Jian, ZHAO Yue, HAN Li, LI Gan, YANG Chun-he, GU Xian-hong"
(State Key Laboratory of Animal Nutrition, Institute of Animal Science,
Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: In order to improve the accuracy of detecting dairy cow subclinical mastitis by infrared
thermography,the effect of smudgy degree on temperature distribution of the udder surface in
dairy cow was studied. 325 dairy cows with normal udder appearance and SCC<C5 X 10° « mL ™'
were selected. Their rear udders were partitioned into teat cistern, mammary cistern and mammary
gland,and the smudgy degree was graded according to a 3-point scoring system. Then different
parts of rear udder were divided into 4 groups. The results showed that the difference of skin tem-
perature of left and right sides at the different parts was not significant(P>>0. 05) in the clean
rear udder. It was also found that the mean skin temperature, minimum temperature and maxi-
mum temperature from mammary gland, mammary cistern to teat cistern significantly reduced or
had a tendency to be lower,and that the decreased amplitude was 1. 90,6. 90 and 1. 62 °C ,respec-
tively. However, with the increase of degree of the smudge,at teat cistern, mammary cistern and
mammary gland, the minimum skin temperature, was sharply decreased(P<C0. 01) ,mean tempera-
ture had a tendency to reduce, and the variational degree of temperature was significantly in-
creased(P<C0. 01). These results indicated that smudgy degree of udder surface had an important
effect on its temperature distribution, the highest temperature of mammary gland had a smaller

effect of smudge,which is optimum to determine subclinical mastitis of dairy cow by IRT method.
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Table 1 The cow numbers of each group

JRILX X

Different parts

I V5 P43 4 41
Classification n

of rear udder of smudgy score

1-1 58
FL 3kt 1-2 30
Teat cistern 1-3 31
2-3 32
1-1 58
FLAR It 1-2 31
Mammary cistern 1-3 31
2-3 30
1-1 58
A 1-2 31
Mammary gland 1-3 31
2-3 32
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Fig.1 The anatomical structure of dairy udder
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1. Right teat cistern, 2. Left teat cistern, 3. Right mammary cistern, 4. Left mammary cistern, 5. Right mammary

gland, 6. Left mammary gland
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Fig. 2 Each part of dairy rear udder(the left is visible light photo of dairy rear udder,the right is infrared image dairy

rear udder)
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Table 2 The paired analysis results of skin temperature of left and right sides at different parts of clean rear udder(n=>58)

C
S Vit IS VaE IS 7 3L AL 7 7L VEENis
Ttems LTC RTC LMC RMC LMG RMG
SE- 1477 B Mean temperature 32.46+0.16 32.3%0.16 34.0340.15 33.9740.13 34.2540.13 34.340.13
KI5 ¥ Mini. temperature 24.074+0.43 24.540.54 30.32+0.35 29.7240.37 30.92+0.33 31.3%+0.23
% 5 IR J¥ Maxi. temperature 34.3040.15 34.1£0.16 35.63£0.10 35.5940.10 35.85+0.09 35.8%40.08
1R FE ) 22 Temperature range 10.24=+0.47 9.6440.56 5.31F£0.33 5.87£0.35 4.86+0.29 4.67%0.21
Fr#fE % Standard deviation 1.2640.05 1.3440.07 0.79£0.04 0.81£0.04 0.624+0.03  0.5940.03

R3 THZBIRAESXEKIEE ST (n=58)

Table 3 Skin temperature distribution of different parts of whole clean rear udder(n=>58) C
TH2EAX X -S4 R AR 5 e T AR 22 T o 22
Different parts of whole Mean Minimum Maximum Temperature Standard
clean rear udder temperature temperature temperature range deviation
4 )5 %L IX. Whole rear udder 34.18£0.12% 30.7940.22* 35.76+£0.08" 4.9840.18"  0.65+0.02°
F 3k Teat cistern 32.39+0.15% 24.29+0.39° 34.2340.14% 9.9440. 42" 1.3040. 054
FLE M Mammary cistern 34.0040.13% 30.0220.29% 35.62+0.09* 5.6040.26" 0.8040.03"
FLIE Mammary gland 34.2940.13* 31.1940.25% 35.85+0.08" 4.67=40.21¢ 0.60=40.03¢

BB B AR A RN PRI 2R B3 (P<<0.05) AR RE 7808 2 50 8 3 (P<<0. 01 MW 7 B R 2 57 A B 3%

(P>0.05), 5 d

In the same column,values with different small letter superscripts mean significant difference (P<C0. 05) ,values with different

capital letter superscripts mean extremely significant difference (P<C0. 01),while the same letter superscripts mean no signifi-

cant difference (P>>0. 05). The same as table 5
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AN TR R V743 T 7L b R o I B 2 5 bl A 4
W2 5. BfEEFLIR TS PE A N 1 4r 5 3 4, FLR
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Table 4 The paired analysis results of skin temperature of left and right sides of different parts at different smudge scores °C

EiER 7R

H. 3k Teat cistern

Ttems 1-2(30)

1-3(31D) 2-3(32)

S 348 F Mean temperature 32.

55+0. 34" 31.7640. 34"

31.754+0. 22" 29.8940.40" 31.08+0.40" 29.7540. 46"

KI5 E Mini. temperature 29.5340.48" 27.65+0.54" 28.1240.48" 25.8240.53" 26.21+0.67* 23.7840.55"
% = 18 Maxi. temperature 33.9340.27% 33.48+0.28" 33.3140.18" 32.04=+0.33"% 33.02+0.27* 32.2740. 38"
15 22 Temperature range 4.40+0.39% 5.8240.47" 5.19+0.46  6.21+0.47 6.81£0.52" 8.4940.44"
FrifE 2 Standard deviation 0.73£0.05"% 1.10£0.10* 0.83+0.07" 1.36+0.16* 1.2840.13" 1.7040.16"
FL AR M Mammary cistern

1-2(3D) 1-3(31) 2-3(30)
438 FF Mean temperature 33.5140.25% 32.58+0.27"% 33.74£0.22% 31.822£0.26" 32.334£0.32% 31.0040. 40"
AR IR E Mini. temperature 29.03+0.54" 25.5940.63"% 30.3+0.41"% 24.26+0.51% 26.56+0.50" 24.5740. 64"
5 i Maxi. temperature 35.1840.21* 34.94+0.18" 35.240.18" 34.70+0.21% 34.62+0.20 33.8840.28
TR FE#t 22 Temperature range 6.15+0.48% 9,36+0.58* 4,9540.33% 10.44+0.50* 8.06+0.46% 9.31+0.60"
R 2% Standard deviation 0.8640.05% 1.5040.13* 0.7340.04% 1.8340.12% 1.3940.09% 1.70+0.13*

FL % Mammary gland

1-2(3D) 1-3(31D) 2-3(32)

1495 Mean temperature 34.2940.18" 33.50+0.19"% 33.8+0.16% 32.4540.23"% 34.08+0.16"* 33.6440. 20"

AR Mini. temperature 30.5740.56" 26.6540.66% 31.140.33% 25.1540.73" 27.3340.58" 24.67+0.70"
% 5 18 ¥ Maxi. temperature 35.89+0.13 35.69+0.13 35.6+£0.14" 35.05-0.15" 35.8640.14* 35.85+0. 15"
5 BE Mt 2% Temperature range  5.3274-0. 48"  9.044-0.66% 4.4540.30% 9.9040.73" 8.5840.62" 11.1240.73"
FrifE 2% Standard deviation 0.63+0.04" 1.024+0.06" 0.6540.03" 1.31+0.10" 0.8340.04" 1.1740.10"

AN RIS P23 T AN R FU K Ze A w00 B9 )47 B0 R B A TR /NG 7 BE R 28 5 B 3% (P<0. 05) s Al RS 7 B 378 22 el B 3%
(P<0. 01 s A A PR FR Z 57 A .3 (P>0.05)

The same row of left and right sides of different parts at different smudge scores, values with different small letter superscripts
mean significant difference (P<C0. 05); values with different capital letter superscripts mean extremely significant difference

(P<C0.01) ;while the same letter superscripts mean no significant difference (P>>0.05)
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Table S5 Skin temperature distribution of different parts at different smudge scores C
5 -2 RARIEE T 9 i T B A 22 it 22
Mean Minimum Maximum Temperature Standard
Smudgy score
temperature temperature temperature range deviation
F 3k Teat cistern
1(61) 32.14=£0.21* 28.8240. 35* 33.62+0.17* 4.8040. 30¢ 0.7840.04¢
2(62) 31.404£0. 27" 26.9140. 44" 33.24=£0.17% 6.3340. 35" 1.194+0.08"
3(63) 29.8240. 30° 24.7840. 40° 32.16+0. 25" 7.37+0. 35" 1.53+0.11*
FL R Mammary cistern
1(62) 33.6240.17* 29.6840. 36* 35.2340. 14* 5.5540. 30¢ 0.7940.03¢
2(61) 32.4640.21" 26.0640.41" 34.784+0. 13" 8.7240. 38" 1.45+0.08"
3(61) 31.4240. 24° 24.4140.41°¢ 34.3040. 18 9.894+0. 39" 1.77+0. 094
FLIE Mammary gland
1(62) 34.0740.12% 30.8740. 32% 35.75+0.10° 4.8840.29¢ 0.6440.02¢
2(63) 33.80+1.01* 27.0040. 44" 35.81£0.09° 8.8140. 45" 0.9240. 04"
3(63) 33.0741. 32" 24.9040. 50¢ 35.4340. 12" 10.53+0.52% 1.24+0.074

2.2.6  R[EMETS PE 4R N 20 Bz IR IR BE 4 A LA
AN A5 PE 3 7T LR B TR Tk B 22 5 L B 4 2R L 3k
5. WA FLIRIETS PEA3 N1 402 3 43 o 2L R TR 1) i
IR BE MR B 2 F R (P <<0.01), F R0 B 35 5. 97
°C TR B AR 25 bR i 25 0 B 3 1 R (P<C0. 01), 3L
R B Bk 1 T 57 T e v U D B I T R R kB
3 47 IR 25 B 2 R B (P<<0. 01 8 P<<0.05),
WS P4 R 14322 43 FL B2 Wk 04 1 1 1 B2 A o
R 2 5 A B (P>>0.05),

3 3 it
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5 AR B 2 W 58 32 B 20 A5 0 BRI AL 1) 2
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i FE A 22 TR UE 22 22 R B 3 . AR IR 45 R 5 i
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AL D A JE 3L DR 28 I 3L XY B K iR BE 43 0l Ry
33.99.33.97.34. 13 1 34. 05 C,1m HAEAFA K
JR IR 2 ) 25 SR B AT AR RGE A

P> FL XY B2 JBR I B 4393 2 37,01 i 37,08 °C, —
HZEESABED, A LEFAXMAELX
Bz TR BE 8 X R 43 A AL 55 0% 28 3L 55 i #5145 A R I
WIEA RGBS AH . I Ash 3L s h B A k)
REMIFLIRA R (H A 4 A3 FH 2 3.
BAFAE A O WAL AL AL b 454 . H A
AL Sy WY WAL R T 25 R R
AR 22 A 3L DK I VT PR R G A 2 6 B A
(R RFAE o
3.1.2 T HAaE FL XA 43 XK R IR B 25 55 L 4K

5% 2 B AR DA Sk 55 0 1) B kIR 22 R I
£ SR G e U NN N I S L )
TELRE I AT B o e I S R AR 2 B R A
T i 3] i 26 T B R . IR PR FLIR AL ZL Y
TR BE A 2 AL Sk g s 1 % R 20 A 7L Sk TR B
iKY ARG a5 R R 05 4 5 7L IK 2 47 3Lk
th 2 JER ST 203 B | A A B L e R iR R B E KT S
FLIXH A 43 X
3.2 AEAEFSESTIREBESHHE

AR I 14 8 B AE R B A FL AR RO Tk AR
A L5 9 s A BT 51 R Y 2L B 2% T IR R AR Ak, AT
B2 el TS R SR i 3L 5 2 R AR
HE— 25 BRI R ¥ R B 2L 5 2 T ) T A R
. TS R B 3L KR BRI A e, O L E A Ik
V5 AR RN FL KR R I e A1 TR S R A A
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