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Abstract

Introduction: Over recent decades, numerous mathematical models have been developed to represent the
lactation curve of dairy animals. These models are categorized into parametric and non-parametric types, with the
three-parameter Wood's gamma incomplete function being extensively utilized for dairy cows. By using the
parameters from Wood's model, key lactation characteristics such as peak time, peak yield, and persistency can
be determined. These features are considered economic traits, suitable for genetic selection. Previous studies have
primarily focused on employing mathematical models to calculate these characteristics based on the average of
test day milk records. However, they can also be computed for individual quantiles of test day milk records
(TDMR). To our knowledge, no research has yet explored the use of quantile regression for modeling the lactation
curve of Iranian dairy cows. Therefore, the primary objective of this study was to assess certain lactation curve
characteristics of Iranian dairy cows using the quantile regression technique.

Materials and methods: The data for this study were sourced from the Animal Breeding Centre of Iran. Initially,
the dataset was merged and refined using SPSS software. The final dataset included TDMR data from 984,690
dairy cows across 579 herds in 26 provinces nationwide. A total of 15,647,867 TDMR records were collected
from the first five parities of cows calving between 1995 and 2021. The TDMR was initially analyzed using a
fixed linear model tailored to 20 different combinations of parity and calving season. For each combination, the
least squares means of TDMR, measured from 4 to 305 days in milk, were applied to Wood’s incomplete gamma
function (y=at’e¢™) in a quantile-based approach. This parametric three-parameter model (a, b, c) is extensively
used to describe lactation curves. The linearized form of Wood’s model was fitted to these means using the
Quantreg procedure in SAS software, estimating parameters across quantiles from 5 to 95 in increments of 5.
Based on these parameters, lactation characteristics such as peak time, peak yield, and persistency were calculated
across all parity-calving season combinations. Statistical comparisons of the combination means were conducted
using SPSS software.

Results and discussion: The results of this research indicate that peak time, peak yield, and the persistency of the
lactation curve in Iranian dairy cows vary across different quantiles of TDMR, parities, and calving seasons. The
findings reveal that peak yield increases with higher TDMR quantiles. Conversely, peak time and persistency are
greater in the lower TDMR quantiles compared to the upper ones. Across the TDMR quantiles, the minimum
(50.92 days) and maximum (93.36 days) peak times, as well as persistency values (6.64 and 7.37), were observed
in cows that calved in autumn and began their first or third lactation period (P<0.05). Regarding peak yield, cows
that calved in spring and started their first lactation had a lower mean yield (31.84 kg), while the highest mean
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yield (40.43 kg) was noted in cows that calved in autumn and began their fourth lactation period (P<0.05). As
anticipated, cows in their first parity exhibited greater lactation persistency compared to others. Peak yield was
significantly correlated with peak time (-0.9520) and persistency (-0.9516) (P<0.0001), suggesting that cows with
lower milk yield at peak time tend to reach their peak later and maintain higher persistency post-peak.
Conclusions: The research findings reveal that the peak time, peak yield, and persistency of the lactation curve
in Iranian dairy cows differ across the quantiles of test-day milk records. Specifically, peak time and persistency
are higher in the lower quantiles compared to the upper ones. Additionally, these lactation characteristics vary
across different parities and calving seasons. Based on these results, it is recommended that these variations be
considered when using records from various parities for the genetic evaluation of Iranian dairy cows. This
consideration is crucial when employing test-day models for genetic analysis of the lactation curve.

Keywords: Lactation characteristics, Milk production, Quantile regression, Wood function, Dairy cow

Ethics statement: This article does not contain any studies with human participants or animals performed by any
of the authors.

Data availability statement: The data used in the present study were provided by the Animal Breeding Centre
of Iran.

Conflicts of interest: The authors declare no conflicts of interest.

Funding: The authors received no specific funding for this project.

Acknowledgment: The authors would like to thank the officials of the Animal Breeding Centre and Promotion
of Animal Products of Iran (affiliated with the Ministry of Agricultural Jihad) for providing the data used in this
study.




Go‘é Olad gy Wl

T

B ]
- _ A s > W ,,&nﬁ,}
B e Q=) V0 oliaslilpgs o ladlpasjly Jlo e

Sl (20l S Oluogas (B (owyp y0 J"*’TSS Oyg 55 5 31 oolaiul
R

“s.mdg{ BTV OC T eewE S ‘*‘swl;c ey {'\::"J.é Sop 8y lod ..\:w: s\‘sn.}:-\&} ol ooy

Wy RIS (6 5,5LaS oaSiisls wpls ple i - )
6529 @y 5 Shgel wliniod (lojlu (ool pole Dliing dunnge =Y

OVFFNY8 Loy Ll ol — VEFNY/F oy g )5 — VB SN Y0¥ 50 S550 g b — VE- ¥/ VY il o & 1)

ouS

(S02) RBISS Gy, 5l 0sliinl b ol (550 slagls (om0 ,0d (oo sla Ths (osn <S9S Shosi 5l Soe
YF 10 05290 alS OV 5 o8 Ll AAFPA. 5l as 0e 1l el 59, 0,65, VOPFYASY Lol colaiwl 5,50 slaosls og
Vo et 9) Gialy habialy Cug alises slacaS 5 50 b (gejl 595 glmeysS, datl ias (5,510 5 558 (bl
larye Jia sSiles yst5e DS S S o 53 e A3 Jelon 5 a5 s e Sy olatl b (oS
(RESTS S5 s, b 5 099 SLlS 0l oz ali y0 ¢ 20,5 Yo 0 b ¥ slajs, alold jo 10d 505l 39, 51,5
(P gl 50 b A ke ik 903T 5, (sl0 S, slaSauz (28, YL L ol (i b ks 5l 3 eolinul 559
@b glaSaiz 5l 58,5 (b sleSwiz 0 (B0 psls Glie 5 (202D Esl 4 e, Gloj b (I3
5 013Y) (2,0d gl 4 sy ploy HeSles (e 5 rymeS daSaiz pelad ;o widg e 351 395 SRS
Glooyss 50 5 widls (il el o a5 3s olaslS 4 bgyye e ias (VIYY 5 SIFF) 2350 pghis (lsee 5 (s, AV/YS
Jsl )55 a5 Sl 5o 00,5 laaly Slagls ¢ 20 5l sl )0 5ol adgi Jlade b alally jo (P<e /2 0) Wogy Jol b pog (20
|y 82 ez 93 45 sl 3 05,5 Slasly SaglS 5 (o F5hS VVAY) (Siln (S g 93,5 £, |, (5o s
B ol ol Bl & 455 b (P<+ 1) sy s |, (o, 5hS FoIF) (il i it cting: 008 5,
g oolil oo alizes gloo,ss UMb 5l o8 0l cio @l ol @t slS S syl el o wik
Caz 0303 395 Sl 3l a5 ol 05194 S 3 Jlaie ¢ 0y Slao 50 0nd ol Dy b oy waly> (55900

gd oo odlitul (om3,pd (giomie (S 455

S o5 (BSTeS (ygmm T (20 e Sloogas ud 0y g9 @b 1 gualS saojlg

hfarhangfar@birjand.ac.ir : gt s ¢ *

doi: 10.22124/ar.2026.31890.1928



LgL&bjlf u,.ﬁo).:.w (ST »..)Luow L_‘>'>)J R » J{Lu%f 05’3‘”";) )‘ oolawl u‘)l&ojb 9 (o) ‘SQL.«? ) ¥

e (2358 gl 4 sy ey o] 2 0933 (1988
oot gt Glie g 20d gyl Oloy 5o Sy
28 died 6 pd Slagls ;S (B0 h mie Slrogas
i S o5 Sy ol Ky slaamial i oL
Sl Ao LB (099 8L Ll 2l plas) 2o i

.(Tekerli et al., 2000; Farhangfar et al., 2023)

05231 59, S3,55 ) (59, 00 plamil sl gl odes )
5 Popd (e glaamialp opd glagls el
e 0 23508 ol 4 Gy loj Sleogas (rizres
L pOpd pglds Glie 9 (20t zol Oloj 50 A
&b sl oty s)lhie & jgoa aSly (Saiz O)gon
Ghavi ) wloas 5,155 Weoesls , aidly ily ool
4o (Hossein-Zadeh, 2017, 2019; Jiang et al., 2020
r 8 LIS eSSy, 5 esliial b o o
Olgi oo 9l 8 20 Koenker and Bassett (1978) alowg
ke sloSar o 1) 00l 53 008 sla S
o ol gy 15 o Jlie sl 3505 domlime rsly i
&9, Naeemipour Younesi et al. (2019) alowsas
BT g5 51 eolnl bl Jsl (tal; slagls
Lid 5 ol oolaiwl om0yl Soe oy lp
FO glasSwr o 2l &y (F i eobl Slogas
S Slao (B 9) b (905l 55, slas 55, V0 5 0
Cug BT pogas 104z 5 a8 S 5 w0550 (S0
T & Oy oy Smegas p plely Jad g a5
Kopec et ) o,ls 5925 (Slinizd (5, i slagls 20,00
o905 59y @les,sS, Sauz Bl gl Ll dal., 2013
el oais D2l aagh 98U jipe She b
Sbagl sln e ol Ga Baa b jol> Gabod «onlple
Loyl 5 (9051 395 510055, 3l ealitl b g ol nl (st
Al Ll 205l poxn B Jol sloo,ge 0

g, 9 Olgo

alwgdy Gidgh cpl jo colaiul 8,50 pls slrosls oools
4 wly) y9aS (olo Dladgs Sgup g ol el S e
sie sl ld ozl 5 0 el (53,508 ooz s
59 oy, 5 Gl «llse 0yl DML (g5l
George ) (Y7 ol pg) SPSS l58le 55 1y9,00 «pus yg05]
pleal KuSs L og ool owilg>l 3 (and Mallery, 2020

dodio

@ 5 o Sle jlead (oS ganl oo
b i slagls jo a5 (Rezaei et al., 2016) cuwl i
b ormb s SiS lej U g 098 o0 9,0 (2fjallusS
Angeles-Hernandez et ) wl oo aslol 00,8 45 oW
Gl S cov by b i ades Ol (al,, 2021
2 A5 3l o0 oyl (P05l (Sxie Ol b g ol
(Steri, 2009) cosl alice Jailbiny sladiss 5l (6 ke
S b Lsye o Shy wdy (b5 v » ogdle
O 0 8 WS S arg 050 5 lagls e
Sy50 09 jsbay iz L2l ladse (pgax
e z8ly ;o (Ruban et al., 2022) wlazd 3 1,3 oola!
8 ool mles sl 005 o0 S8 eoliul 3,50 a5
oS Cenl i odes glaosls Gl (B0,d Sove
oS blodas |y (20, i oyl 5l eoliinl b oylgs oo
953 1y (s g5 s 9 (Sbgn 9 Sged rog
«oylpls (Chen, 2024) 5 5 1> 28l sleosls acgaza
(o2l Yol 5l oolainl b 20,0l pove (g3lw Joe
ok b Grd slagls adss [, Wil oo LS &
65590 9,ls0 aSL (Montiel-Olguin et al., 2025) o les
-asbelos Lg)L.:w A dal Co poe Lgbmx.ﬁ‘) 6‘)’." asle
30 1y SIS lal JLasl (i 9 65,9088 lo

(Castillo-Gallegos, 2018) 53lu so ydy 5]
e S soglE o popd e S 5l 2T
Mg oloj (b b adg Dlss 8 9z o
Slaal gl p lgm golaidl g s 2050 00iuS s
Grossman ) ool (i iS g 205195 slaasly wile
B hYoay 20,0l s KU (& Koops, 1988
o b g8 G Lo sl oS (6 jsbay Canl azgi 550
i RO ot A5 (69l A Gl (ST ROy
aS ol es cuils aalgd 5L (658 0,8l W)l
olas |y gy (Sdglie DSt  (Jlie adgi YL
ST (388 Canogi g, cpl 5l .(Madsen, 1975) aao .o
- ds L;La:ui.%La)’i 6‘)?‘ J,Ja.) @Lﬁij 6‘)5 ROy
2ROy 0)90 adg S 05510 g slagls o sl
Slae a8 o Slos a5 00A8L Slao )55, el
Sauvant, ) Cewl 18,55 15 (69 5,5 Cawal 5l lagls o )65,



O NVF0 laslilpgs o)lodlwao il Jlul als Sladys liios

oad oS 5 slweg S p 51 G e sl H5 e Jow il
(b ¥ ) il Jeab 5 (o 0 59) iy g
Slaye Pl :Sle 5 0l 00l (351 alflae jsboay
G Y 59, 5D (@0 0)90 Jsb o 5l o3 395 9555,

RV .))51)3 (Y oA

3 1995 Al SLIS Jdo 55, Sl (a5 i

Om Ll bawgie (s gr S, 0 bl sla s,
OSbe & ol Al pesie 9 X JRis i
Erige nl webie WS LB e E(l) (s
855 Sbayiie (LSl 4 S5 (8l 005 )0
ilisee Ll o b3 )| ol a8 wal o] Gas 51 ool
e Sl p3¥ 09h e iy pite byt e
P i 5o ogh eslatul BISIS oaw S, iy,
m0 el G5 Sz gew S5 o5 LIS e S
() dsly yosio 9 (X) Jaiae yoriie Gy bLS | 09
-5 01 i Qg (M%) by ails @l 51 oslizal |
35 plg BT b bty Suo oo o s
V3 bl ge(0]) LTS o ol ad il 3
YL I—g gahi o] 55 g o |, aosls a5 el
O3Sy 5 obel Gl sl e abai o
Spise Gilwae ily it e JS (LTS

.(Biswas et al., 2017)
Wood, ) 55 bl sLels als 51 oolitl b o ogsy ol yo
ol 0l 0dsel 35 099 Juw laisla a5 (1967
SISe o ln @b, ) (o d (goie slaazial )
ok gl Jatmnly cog a8 Ve GlaceS S
S99 U yiel)ly Jaw 5l eolaswl Jdo asals o561 5 bLS1sS

Pl 2 9)lge bl 2 laosls Gialng can a5 0 ot
e

VA ialy e G eyl il B Gl Cagi ol
ool alols Blas Y ie, 0 b lids wole
o5 Jsb Sl s, ¥igialy olos 5l 6250055,
STTARCRPLES eSS

s y803] 59, 9,65, YOPEYASY olaws (sl g 5l m
FO RN SR L VN ¢ DU RPNV PO
Olasl Y& 5l als YA 1o (oziy B Jol (il slocass
VEVE lo Lo b anlllas o 50 (glagls wile 3L ,5a5
30 g ool [LEle N ooz jo anilb il VFe - U
05931 395 82,555 G)lel Blaogas (Sp ¥ Jsax
ot 4il)|
Ol sy $100,55, (sl il )ly Slasyo Jilus 4 i
5 b3 Joe S alewgty ;b 55l 59, 5le0,5 ) 1
SAS,) (/F Lilys) SAS il s GLM 4y, SaSay
B g5 Oyg0h 5 k] Jow o il ly 45 (2013

Vipmn = H+E +H (P)+Y, + M, +
T, + (A‘ijklmn) + (HEjklmn) + €t

(PSS o ) go3l o) s 9595 Yiimn S
S ST b se3l 59, sl S, U5 5eSlee
el 1LY, ol gy 4l5 el 31 H (B
Ty 5 259,55 5 Oloy y ole 2o 31 Ml o
el ‘(Aljklmn)‘(v’a ¥ 5D 50,55, 59, <ol Sl
‘(HEjklmn) ($750)85 5 Hlojy 30 35 e (SeS il
S Cn 5 «nlile S5 03 do s (S esie ]
(07 oolells 5 o (eSen ) Jao oo Bl ol

ooliiwl 8,90 slaosls (g Ll Jslo -\ Joox
Table 1. Statistical structure of the data

Characteristics Statistics
Total number of milk records 15,647,867
Total number of milk records in parity 1 5,625,606
Total number of milk records in parity 2 4,374,316
Total number of milk records in parity 3 2,904452
Total number of milk records in parity 4 1,761,324
Total number of milk records in parity 5 982169
Total number of cows with records 984,690
Total number of sires 9,170
Total number of dams 599,847
Total number of herds 579
Total number of calving years (1995-2021) 27
Total number of provinces 26
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Table 2. Some descriptive statistics for milk test day records (kg) over the course of the lactation from first to
fifth parity of Iranian dairy cows

Stage of Parity 1 Parity 2 Parity 3 Parity 4 Parity 5
lactation® No. Mean No. Mean No. Mean No. Mean No. Mean
records (kg) records (kg) records (kg) records (kg) | records (kg)
1 504,066 29.44 | 414,618 38.46 | 284,028 39.58 | 176,540 38.93 | 99,894 37.69
2 602,751  34.47 | 480,943 43.28 | 326,361 4492 | 201,757 4436 | 113,891 43.10
3 582,171 3537 | 460,077 4230 | 309,138 43.94 | 189,923 43.44 | 107,132 42.27
4 599,119  35.25 | 469,550 40.66 | 313,974 42.00 | 191,507 41.52 | 107,650 40.32
5 576,374  34.84 | 449,673 3895 | 298,384 3994 | 181,898 39.38 | 101,429 38.23
6 589,998 3423 | 456,889 37.13 | 301,472 37.83 | 182,388 37.19 | 101,427 36.06
7 568,263  33.50 | 435,603 3521 | 285,921 3556 | 171,150 3491 | 94,948 33.83
8 574,775  32.58 | 436,335 33.07 | 285,498 33.12 | 170,101 32.40 | 93,372 31.36
9 532,508  31.38 | 397,722  30.72 | 258,558 30.47 | 153,379 29.72 | 84,072 28.72
10 495,581  30.23 | 372,906 28.51 | 241,118 28.10 | 142,681 2737 | 78,354 26.43
Overall 5,625,606 33.25 | 4,374,316 37.13 | 2,904,452 37.97 | 1,761,324 37.43 | 982,169 36.35

* Stage 1: up to 30 d after calving; Stage 2: 31-60 d; Stage 3: 61-90 d; Stage 4: 91-120 d; Stage 5: 121-150 d; Stage 6:151-180 d;
Stage 7: 181-210 d; Stage 8: 211-240 d; Stage 9: 241-270 d; Stage 10: 271-305 d.
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Table 3. Statistical comparison of mean* peak time among different combinations of parity and calving seasons of Iranian dairy cows

Combination** N Subset1 | Subset2 | Subset3 | Subset4 | Subset5 | Subset6 | Subset7 | Subset8 | Subset9 | Subset 10
P3S3 19 50.92
P28S3 19 51.13
P4S3 19 51.33 51.33
P5S3 19 51.86 51.86
P3S2 19 51.90 51.90
P2S2 19 52.08 52.08
P4S2 19 53.09 53.09
P5S2 19 54.42 54.42
P2S4 19 55.47 55.47
P3S4 19 56.96 56.96
P4S4 19 57.61
P3S1 19 57.74 57.74
P2S1 19 57.77 57.77
P5S84 19 58.25 58.25 58.25
P4S1 19 59.60 59.60
P5S1 19 59.75
P1S2 19 88.19
P1S1 19 88.44
P1S4 19 89.43
P1S3 19 93.36
P-value 0.789 0.095 0.557 0.901 0.333 0.613 0.053 0.324 0.677 1.000

* Within each subset, means are not significantly different from each other (P>0.05)
** P1, P2, P3, P4, and PS5 represent first to fifth parity, respectively, and S1, S2, S3, and S4 represent spring, summer, autumn, and winter seasons, respectively.
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Table 4. Statistical comparison of mean peak yield among different combinations of parity and calving seasons of Iranian dairy cows

Combination N Subset1 | Subset2 | Subset3 | Subset4 | Subset5 | Subset6 | Subset7 | Subset8 | Subset9 | Subset 10
P1S1 19 31.84
P1S2 19 31.98
P1S4 19 32.04
P1S3 19 32.24
P5S1 19 36.07
P4S1 19 37.85
P2S1 19 37.85
P5S2 19 37.89 37.89
P2S2 19 37.97 37.97
P3S1 19 38.38 38.38
P5S4 19 38.65 38.65
P4S2 19 38.92 38.92
P5S3 19 39.20
P2s4 19 39.25 39.25
P3S2 19 39.31 39.31
P2S3 19 39.31 39.31
P3S3 19 39.75 39.75
P4S4 19 39.98 39.98
P3S4 19 40.33
P4S3 19 40.43
P-value 0.437 1.000 1.000 0.100 0.963 0.962 0.439 0.098 0.994 0.221

* Within each subset, means are not significantly different from each other (P>0.05)
** P1, P2, P3, P4, and PS5 represent first to fifth parity, respectively, and S1, S2, S3, and S4 represent spring, summer, autumn, and winter seasons, respectively.
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Table 5. Statistical comparison of mean persistency among different combinations of parity and calving seasons of Iranian dairy cows

Combination N Subset1 | Subset2 | Subset3 | Subset4 | Subset5 | Subset6 | Subset7 | Subset8 | Subset9 | Subset 10
P3S3 19 6.64
P4S3 19 6.65 6.65
P2S3 19 6.66 6.66
P5S3 19 6.67 6.67 6.67
P3S2 19 6.67 6.67 6.67
P2S2 19 6.69 6.68
P4S2 19 6.69 6.69
P5S2 19 6.72 6.72
P2s4 19 6.75 6.75
P3S4 19 6.78 6.78
P4S4 19 6.79
P3S1 19 6.80
P2S1 19 6.80
P5S4 19 6.81 6.81
P4S1 19 6.84
P5S1 19 6.84
P1S2 19 7.31
P1S1 19 7.31
P1S4 19 7.32
P1S3 19 7.37
P-value 0.810 0.319 0.326 0.130 0.571 0.093 0.203 0.061 0.982 1.000

* Within each subset, means are not significantly different from each other (P>0.05)
** P1, P2, P3, P4, and PS5 represent first to fifth parity, respectively, and S1, S2, S3, and S4 represent spring, summer, autumn, and winter seasons, respectively.
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Fig. 3. Changes of persistency at different quantiles of test-day milk yield for the cows calved in different year
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