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Table 1. Some descriptive statistics for fat percentage, protein percentage and fat to protein ratio test day
records in different lactation stages of Iranian dairy cows

Fat FPR
Lactation ~ NO. test (%) Protein (%)
Stage day
records
Average Min Max  Average Min Max Average  Min Max

1 67499 3.6878 1.50 7.00 3.1195 1.00 6.98 1.1958 0.2496 4.0631
2 86842 3.2633 1.50 7.00  2.9085 1.00 6.77 1.1354 0.3311 4.4797
3 81535 3.2012 1.50 7.00  2.9439 1.00 6.40 1.0987 0.3852 3.8726
4 84646 3.2084 1.50 7.00  3.0043 1.05 6.93 1.0787 0.2528 5.2381
5 81739 3.2446 1.50 7.00  3.0584 1.00 7.00 1.0712 0.3409 3.5904
6 83836 3.2901 1.50 7.00  3.1026 1.00 6.53 1.0703 0.3201 3.3500
7 81782 3.3367 1.50 7.00 3.1365 1.00 6.19 1.0735 0.3412 3.3500
8 82152 3.3898 1.50 7.00  3.1689 1.00 6.95 1.0789 0.2809 3.8559
9 74164 3.4530 1.50 7.00 3.2043 1.00 6.95 1.0861 0.2522 3.6545
10 60337 3.5130 1.50 7.00  3.2430 1.00 6.34 1.0908 0.3063 3.3611

Total 784532  3.3464 1.50 7.00  3.0818 1.00 7.00 1.0966 0.2496 5.2381
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Table 2. Estimated parameters of intercept and regression coefficients for linear (multiply by 10°) and quadratic
(multiply by 109) effect of days in milk in different quantiles for fat percentage

(%) Quantiles Intercept  Linear effect of days in milk  Quadratic effect of days in milk
5 3.15723 -89 4.329
10 3.17649 -247 4.750
15 3.20806 -578 5.608
20 3.22073 -708 5.985
25 3.23659 -856 6.398
30 3.25282 -1061 7.039
35 3.27909 -1337 7.765
40 3.30285 -1567 8.378
45 3.30555 -1588 8.423
50 3.32207 -1739 8.785
55 3.34307 -1924 9.246
60 3.34556 -1903 9.166
65 3.39581 -2388 10.341
70 3.48657 -3268 12.474
75 3.53043 -3646 13.366
80 3.62968 -4611 15.751
85 3.80980 -6311 19.809
90 3.98734 -8058 24.178
95 4.19533 -10085 29.257

o9 ol Side (S56lnid Wlyd S lla o
ot sLaglS 5o wsdi oo it Lag] G ol
—o oSaie gt SlaS 5 50 S5l bl
oY gpmne (55 JAle Jolad pgiy KA 5 sl
sy w9 o8 o sledd por as O dels
— o oS Gl glacdl Ho Ll (Sl
St AT Con lansal Gal Gl @b s sl
3 58 g S eo OlalB8) il Hu 1 e & 20a
€ wias o il 1y Slased s 3T G slawl
3528 JLias .l 5558 &Y geans il 3 0T Juala
OB el o el Bl Gl iS5 50
s (5 e £ st 50 S g GRS 5 sasa Ll
58 e Jula3 b Ysane s ose YL clile

(Y1) (Sl 55S) el ol ya

09 (P eyl (gead Aui late N (Ka o
0 Yo N 0 slaSuin Hu Ao nd alins glas g,
i ol yo ol sad suls Lés as yu 40 54+ Vo
Soys ool G (A nd i) e oSk
Slaad Lonils s ga s Aline slaSuiny o 5o oo
LSuin Gn Olas At Sue Yk o ek
slasSdia 5o € goobd ve culite Anl 5 YL
—Saiy 5o 5 el gasre (o Spseds B, (YL
Sbans 0K o Hudd cdul Bl o) s W) Sl sla
— b 02l (U153 SI55a a3 50 (530 Wl e e lasly
O o) L0 1) s (5510685 5 a3 Gl 380 Loy
35S Gl sl Gla @l (Yo OlSea
O 2 09 5 S ge soliial G e A3 ) 5
s ssen soliiual onl 31 ST st psa wem s Glime
(VY OLKaa 5 S 6 YN LKaa 5 cusasly)



VN Lo /¥ 0plas YV ala / gol> pole (cba jingly &y uis

JLE T SUPPC I

4.0

38

PREDICTED fat

36

3.4

 50%

- 158
150 200 250 300
DAY

Figure 1. Predicted curve of fat percentage in different days of lactation separated for some quantiles
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Table 3. Estimated parameters of intercept and regression coefficients for linear (multiply by 108) and quadratic
(multiply by 10°) effect of days in milk in different quantiles for protein percentage

Quantiles (%) Intercept Linear effect of days in milk  Quadratic effect of days in milk
5 2.79197 2060 -1.929
10 2.79894 2010 -1.782
15 2.80468 1960 -1.662
20 2.81048 1920 -1.588
25 2.81220 1910 -1.565
30 2.82029 1840 -1.352
35 2.82039 1850 -1.384
40 2.83166 1750 -1.106
45 2.84307 1640 -0.865
50 2.85431 1550 -0.668
55 2.86044 1490 -0.505
60 2.88184 1290 -0.032
65 2.90294 1110 0.356
70 2.92621 900 0.813
75 2.95080 680 1.330
80 3.03028 -50 0.42
85 3.11494 -82 4.795
90 3.24322 -209 7.929
95 3.42992 -386 12.234
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Figure 2. Predicted curve of protein percentage in different days of lactation separated for some quantiles
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Table 4. Estimated parameters of intercept and regression coefficients for linear (multiply by 108) and quadratic
(multiply by 10°) effect of days in milk in different quantiles for fat to protein ratio

(%) Quantiles Intercept Linear effect of days in milk Quadratic effect of days in milk
5 1.14745 -953.564 2.514
10 1.14972 -965.939 2.571
15 1.16423 -1125.232 2.990
20 1.16661 -1129.794 3.035
25 1.16916 -1156.881 3.112
30 1.17699 -1245.035 3.370
35 1.18059 -1283.948 3.515
40 1.18561 -1337.879 3.669
45 1.18815 -1354.624 3.714
50 1.18799 -1334.818 3.652
55 1.19037 -1352.368 3.697
60 1.19564 -1400.561 3.824
65 1.19893 -1438.102 3.948
70 1.20176 -1518.753 4.160
75 1.21103 -1536.362 4.178
80 1.23836 -1603.017 4.353
85 1.22311 -1624.930 4.385
90 1.22920 -1641.699 4.368
95 1.23819 -1797.661 4.973
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Figure 3. Predicted curve of fat to protein ratio in different days of lactation separated for some quantile
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Introduction: While the physiological conditions of most animals are reflected in their body fluids,
in dairy cows, physiological conditions are reflected in milk combinations. When negative energy
balance occur, production that caused body fat store destruction, goes in two major metabolic ways
in liver and breast tissues. In breast tissues, free fatty acids increase fat to protein ratio and in liver,
free fatty acid change metabolism leading to increase of ketone bodies. Lactation persistency in dairy
cows is one of inheritable economic trait and important characteristic of the lactation curve. The
change of this trait is under control of different factors such as animal genetics structure. The amount
of cow production at the peak of milk production depends on the calving physical condition, genetics,
the absence of infectious and metabolic diseases, and postpartum diet. Fat to protein ratio in early
lactation is associated with performance during lactation. Fat to protein ratio is also correlated with
some diseases such as retained placenta, displacement of abomasum, metritis, endometritis, mastitis
and culling. Fat to protein ratio (FPR) in test day milk records is a good indicator for body fat
metabolism and the level of negative energy balance, and that it could be used as a selection criterion
to improve metabolic stability. Quantile regression has not been widely used for modeling of biologic
characteristics of livestock and this research aimed to evaluate the shape of fat percentage, protein
percentage and FPR in test day milk records of Iranian dairy cows using a polynomial quantile
regression model.

Material and methods: The data used in this study were provided by the Animal Breeding Centre,
Iran. Initial data set were edited by Excel and Foxpro software. The traits under consideration were
fat percentage, protein percentage and fat to protein ratio (calculated based on the magnitude of the
first two traits). All cows had value for all traits. Final data comprised a total of 784,532 test day
records collected from 93,259 first-parity dairy cows (progeny of 2741 sires and 79843 dams)
distributed in 660 herds over the country and calved between 2003 and 2013. In the data, test day fat
percentage and protein percentage had a minimum of 1 and 1.5 and a maximum of 7 and 7,
respectively. By SPSS software, some statistical characteristics of the traits were calculated, and by
SAS software a quadratic polynomial quantile regression model (in the range of quantiles 5 to 95)
was fitted to the data. Based upon the fitted model, linear and quadratic regression coefficients were
estimated for the effect of day of lactation on each trait in different quantiles. In the model, traits and
day of lactation were response and independent variables, respectively. Quadratic effect of day of
lactation is considered due to nonlinear variation of the traits over the course of the lactation curve.
Results and discussion: Mean fat percentage, protein percentage and fat to protein ratio over the
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lactation course were found to be 3.35%, 3.08% and 1.1, respectively. As expected, for each trait a
nonlinear change was observed over the lactation period. The highest content of fat to protein ratio
occurs in the early period of lactation and the lowest was observed in the sixth and seventh months
of lactation. In terms of absolute values, minimum (953.564) and maximum (1797.661) linear
regression coefficient of days in milk were obtained in quantiles 5 and 95, respectively. The same
trend was also observed for quadratic regression coefficient of days in milk. Linear and quadratic
regression coefficients of fat and protein percentages ranged over different quantiles, so that
minimum and maximum absolute values were observed in quantiles 5 and 95, respectively.
Conclusion: Quantile regression model is an appropriated statistical technique for evaluate the effects
of an independent factor which differently affects the shape of a response variable. In this research,
the effect of days in milk on three traits (fat and protein percentage, as well as fat to protein ratio)
was modeled by quantile regression. The findings of the present research indicated that the curve
shape of fat percentage, protein percentage and fat to protein ratio are different for the quantiles
suggesting that these differences are needed to be taken into account in nutrition management and
cattle breeding scheme.
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