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Introduction: In dairy cattle enterprise, there are several economic traits associated with productive and
reproductive performance which milk yield is the main source of income for the herd keeper. Knowledge of
lactation is considered a useful tool for management decision-making. Based on this, lactation curve modeling
can be utilized as an appropriate guide for planning nutrition programs as well as genetic selection schemes. So
far, main research has been focused on using raw (unadjusted) milk test day records to model the shape of the
lactation curve by applying a variety of linear and non-linear mathematical models and a few research have been
carried out to use adjusted milk test day records in terms of fat and protein percentages. The main objective of the
present research was to compare lactation curve parameters of Iranian first-parity dairy cows among three types
of milk test day records including raw milk (RM), fat-corrected milk (FCM), and energy-corrected milk (ECM).

Materials and methods: The initial data set was provided by the Animal Breeding Center and Promotion of
Animal Products of Iran. Editing of the data was carried out by FOXPRO and Excel software based on some
criteria such as age at first calving (was set to be in the range of 18-48 months), minimum (3 kg), and maximum
(99.9 kg) of RM. There were a minimum of five test day records for each cow during the lactation period. Final
data consisted of a total number of 1,902,071 milk test day records belonging to 226,255 first-parity cows (progeny
of 5,094 sires and 178,390 dams) distributed in 797 herds and calved during 1996-2015 were utilized. For a
mathematical description of the shape of the lactation curve, Wood’s incomplete gamma function was used. The
function has three parameters including parameter a (associated with initial milk yield), parameter b (associated
with the inclining slope of the lactation), and parameter ¢ (associated with the declining slope of the lactation).
Wood's function was fitted to the records of RM, FCM, and ECM of individual cows using SAS software. Based
on the estimated parameters, lactation characteristics including peak time (PT), peak yield (PY), and persistency
(Per) were subsequently calculated for each cow. Estimated parameters and calculated lactation characteristics
were then subjected to a fixed linear model in which the effects of herd, year of calving, the season of calving,
age at first calving, genotype group (grade or purebred Holstein), type of milk test day record (RM, FCM or ECM)
along with some two-way interactions were included.

Results and discussion: The results showed that FCM had the greatest parameter a as compared with RM and
ECM (P<0.0001). The greatest magnitude of the parameters b and ¢ were found for RM (P<0.0001). Later PT
and higher Per were observed for ECM (P<0.0001), while the highest PY was detected for RM (P<0.0001). For
all types of records, minimum and maximum PY were observed for the cows calving in the spring and autumn
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seasons, respectively. Later PT was observed for ECM in all calving seasons except autumn. As compared to RM
and FCM, cows calved in spring and summer had the highest persistency based on ECM while cows calved in
autumn and winter were found to have more persistence based upon RM compared with FCM and ECM. The
least-square means of peak time (PT) in grade cows were found to be 77.74, 69.5, and 79.85 d for RM, FCM, and
ECM, respectively, while the corresponding figures for purebred Holstein cows were 80.27, 72.89, and 83.15 d,
respectively. In grade cows, least-square means of peak time (PY) were found to be 32.02, 29.23, and 30.70 kg
for RM, FCM, and ECM, respectively, while the corresponding figures for purebred Holstein cows were 32.51,
29.56, and 31.14 kg, respectively. For both purebred Holstein and grade cows, minimum and maximum
persistency (Per) were obtained for FCM and ECM, respectively, which were significantly different from each
other (P<0.001). For RM, FCM, and ECM, annual change trends of PT were found to be 2.132, 2.306, and 2.293
d, respectively, while the corresponding figures for PY were 0.408, 0.369, and 0.395 kg, respectively, and for Per
were 0.037, 0.036, and 0.035, respectively. All trends were statistically significant (£<0.0001).

Conclusions: The finding of the present research revealed that purebred Holsteins reach the peak time later than
grade cows which is an appropriate characteristic of the lactation curve. Based upon energy-corrected milk yield,
peak time as well as persistency was found to be greater than those for raw milk and fat-corrected milk yields.
Therefore, the use of energy-corrected milk yield could be suggested to be applied as different experimental
nutritional treatments are to be compared in terms of the persistency of the cows. All lactation characteristics of
Iranian dairy cows were found to be changed favorably over time.

Keywords: Wood’s incomplete gamma function, Lactation characteristics, Annual change trend, Iranian dairy
cows
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Table 1. Statistical structure of the data used in the present research in terms of number of animals and milk test
day records

Characteristics Statistics
Total Number of Records 1,902,071
Total Number of Cows with Records 226,255
Total Number of Herds 797
Total Number of Calving Year 20
Average Number of Records for each Herd 2,387
Average Number of Records for each Cow 8.41
Average Number of Records for each Year 95,104
Average Number of Cow for each Year 11,313
Total Number of Provinces 8
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Table 2. Some descriptive statistics of different types of milk test day records (Kg)* over the course of the

lactation

Stage of RM FCM ECM

Lactation Mean SD CV% Mean SD CV% Mean SD CV%
1 27.41 7.010 25.57 25.29 6.682 26.42 27.53 6.955 25.26
2 34.04 7.091 20.83 30.01 7.212 24.03 32.49 7.425 22.85
3 35.40 7.116 20.10 31.12 7.209 23.17 33.79 7.420 21.96
4 35.28 7.223 20.47 31.02 7.173 23.12 33.81 7.420 21.95
5 34.60 7.386 21.35 30.49 7.247 23.77 33.32 7.533 22.61
6 33.60 7.579 22.56 29.72 7.348 24.72 32.52 7.674 23.60
7 32.38 7.725 23.86 28.72 7.361 25.63 31.47 7.726 24.55
8 30.93 7.733 25.00 27.52 7.273 26.43 30.19 7.667 25.40
9 29.27 7.650 26.14 26.20 7.071 26.99 28.77 7.500 26.07
10 27.83 7.529 27.05 25.06 6.866 27.40 27.56 7.330 26.60
Overall 32.24 7.925 24.58 28.65 7.481 26.11 31.29 7.819 24.99

*RM: Raw milk, FCM: Fat corrected milk, ECM: Energy corrected milk
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Table 3. Overall adjusted means' for Wood's function parameters and peak time (PT, d), peak yield (PY, kg) and persistency (Per) in three types of milk test day records

Type of test a b c PT PY Per
day record? Mean SEM? Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
RM 16.06¢ 0.02477 0.24207* 0.00066 0.00320* 0.000008 79.007° 0.17287 32.267* 0.01834 7.28b 0.00236
FCM 18.372 0.02565 0.17352¢ 0.00068 0.00265°¢ 0.000008 71.195¢ 0.17898 29.396° 0.01899 7.16° 0.00244
ECM 17.37° 0.02485 0.20706° 0.00066 0.00272° 0.000008 81.497* 0.17341 30.921° 0.01840 7.31* 0.00237

'In each column, differences among means are statistically significant at <0.0001. 2RM: Raw milk, FCM: Fat corrected milk, ECM: Energy corrected milk. > SEM: Standard error of the means.
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Table 4. Adjusted means' for Wood’s function parameters, peak time (PT, d), peak yield (PY, kg) and persistency (Per) in three types of milk test day records of different

calving seasons

Calving Type of test b PT PY Per

season day record® Mean SEM? Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
RM 16.70¢ 0.03355 0.2292* 0.00090 0.00321° 0.0000100 74.81° 0.23418 31.69* 0.02485 7.21b 0.00320

Spring FCM 19.11* 0.03447 0.1500°¢ 0.00092 0.00241¢ 0.0000100 71.79¢ 0.24055 28.78¢ 0.02553 7.15¢ 0.00328
ECM 18.04° 0.03373 0.1872° 0.00090 0.00249° 0.0000100 83.93* 0.23543 30.32° 0.02498 7.322 0.00321
RM 16.62° 0.03171 0.2211* 0.00085 0.002872 0.0000100 83.75° 0.22130 31.952 0.02348 7.31b 0.00302

Summer FCM 17.902 0.03260 0.1788°¢ 0.00087 0.00252¢ 0.0000100 78.39¢ 0.22753 29.52¢ 0.02414 7.25¢ 0.00311
ECM 16.63° 0.03186 0.2180? 0.00085 0.00266" 0.0000100 88.10* 0.22238 31.17° 0.02360 7.40* 0.00304
RM 15.47¢ 0.03050 0.2545* 0.00082 0.00321° 0.0000001 81.99* 0.21286 32.78* 0.02259 7.33* 0.00291

Autumn FCM 17.77* 0.03096 0.1934¢ 0.00083 0.00288°¢ 0.0000001 69.36° 0.21604 29.90¢ 0.02292 7.16° 0.00295
ECM 16.80° 0.03049 0.2249° 0.00082 0.00295° 0.0000001 78.04° 0.21279 31.41° 0.02258 7.20° 0.00291
RM 15.44¢ 0.03151 0.2636* 0.00084 0.003532 0.0000100 75.47* 0.21988 32.66* 0.02333 7.26* 0.00300

Winter FCM 18.712 0.03204 0.1718° 0.00085 0.00280° 0.0000100 65.24¢ 0.22359 29.38¢ 0.02373 7.09¢ 0.00305
ECM 18.02° 0.03151 0.1982° 0.00084 0.00280" 0.0000100 76.02* 0.21989 30.79° 0.02333 7.24b 0.00300

! For each calving season, and in each column, differences among means are statistically significant at P<0.001. 2 RM: Raw milk, FCM: Fat corrected milk, ECM: Energy corrected milk.

3 SEM: Standard error of the means.
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Table 5. Adjusted means' for Wood’s function parameters, peak time (PT, d), peak yield (PY, kg), and persistency (Per) in three types of milk test day records of grade and
purebred Holstein cows

Genotype Type of test a b c PT PY Per
day record’ Mean SEM? Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

RM 16.15¢ 0.03168 0.23904* 0.00085 0.00322* 0.000010 77.74° 0.22109 32.022 0.02346 7.26b 0.00302
Grade FCM 18.43? 0.03254 0.17058° 0.00087 0.00266° 0.000010 69.50° 0.27130 29.23¢ 0.02410 7.14¢ 0.00310
ECM 17.46° 0.03178 0.20456° 0.00085 0.00274° 0.000010 79.85% 0.22178 30.70° 0.02353 7.292 0.00303
Purcbred RM 15.97° 0.02606 0.24511° 0.00070 0.00319* 0.000008 80.27° 0.18188 32.51° 0.01930 7.30b 0.00248
Holstein FCM 18.31* 0.02669 0.17646° 0.00072 0.00264° 0.000009 72.89° 0.18625 29.56° 0.01976 7.18°¢ 0.00254
ECM 17.28° 0.02609 0.20956° 0.00070 0.00271° 0.000008 83.15% 0.18210 31.14° 0.01932 7.332 0.00249

' For each group of genotype, and in each column, differences among means are statistically significant at P<0.001. 2 RM: Raw milk, FCM: Fat corrected milk, ECM: Energy corrected milk.
3 SEM: Standard Error of Mean.



M

VAP VEY bl pgs o )lodlwasslgs Jl sols Slodlgs Sligios

Olae Gly ouwisd Ko, lade b ooliiwl 0yl
Sloslo Sass (s 8IS 5 o 955 Sy iy
4 (@ el 5l Gl lyie @) ol 0SB S
Jbo oo e Y0 5 (Jlo )3 p,56lS) IOV L plpy s 5
‘6)LJI Ll @ a5 o oﬁ]ﬁ AYVEAYY Slej ol o)
Saghanezhad et .a>s )0 (P<+[+++)) Kog ,lo Jxe
595 2,55, 5 a5 Gl plitle slagls g, al. (2017)
e diog 6l 059 @Bl Ll Al g pls e
P<+1-0) 6)LJ Sl e Cadie Wiy, il oolaiwl 20
Geiot b lie ool (o ai) 20,0 polus Dlas (gl
Sy o3l 3 w0t zel Oloy 0 b Ay 5 (ol
ol can lp a8 Jb jo il 0gzg Yo=Yl
(P [0) (s)losine (o9 Wg) (o83 Tl 4 (e
Al oanlive j953e Sy ol jo

ol Slae lp a¥le cule Olyuss S99 (IS jsbay
9 @b gyl Oley 0 b Adg (23 0h Tyl 4 e,
£ 4 3l oolaul L) olpl 6ynd slagls ,o 20,05 polas
(o> eios o ECM s FCM RM L5 1805 55, 5,85,
oS blajl Jdo 4y 05 co AU wogllae ol S lgis 4
Farhangfar and ) «,ls 55, Y+ 0 i Jlade b je30 olas
Sl lgs o (Rowlinson, 2007, Elahi Torshizi, 2016
RO s gmin Sluogar [ JliEl 4e¥ e aS clils
S P9 Wb 595 Y00 o e ;0 i o o)Ll 000
Coee Syl 55 Sy e Sheogas Sl oes 0l el
Dekkers et ) ol )l5,55 55 (golaidl Coanl 1 aS 598 o0
sl asly 258 20 ,d Jovie a5 oleglS (al., 1998
Sole! dagls Es ol s solaidl coonl (Lo wiz 4
oy a0 o] ooy (Sdglio Lid wigh o 4355
(Osd o Jready 5 Sdplie CYWS| s a5) YU
)‘ 05; UJ‘ C\.JJ.xJ e u‘}:‘so e e} BLE) J.J‘So L).u UA&K
Solkner and ) ols jiol38l oz jo 1, adgle coid dagls
SA 3By RO polas golaidl Sl adly o (Fuchs, 1987
SosS Gl e elsi oS 05500 (L Lr T 51 S sla
"0 &P PO 0y90 IS 50 SlaSy Loy jsboa lals
520 gle 5l 0ad (ral (655 ot B 395 00 conms o5 250
(Dekkers et al., 1998) sgi yiion (0,50uiS b anslin
Slp (P eh pols Lo (S g, (S9S Shbgn 50
0323 395 9555 5 95 g 9> FCM (5051 59, 5,65
s e a5 Lol w20 o plis el cplogle JIE o

s 5905] 39, so 465, 5l Daltro et al. (2019) s.axs ,o
Gyr ol55 g plizde ol slagls 20 ,d i RM) pls
gl Wl Jol> Sy calidee LS 5 uizmed g
Oy Obey Dlae (12l a5 ol Lis gull 5 o solasul
Pl 9 20 d ol Gloy 4o b A (et zel &
5o odd odalin polie I YL (pliile syl 20,0
00wl Cewdds gl b aS 04y oS y50 pizan g Gyr slagls
S Sosh bl bl pojls cillas pol> gabmd jo
Sluogas 9359 &l slaasnl 3 polie a5 8l o lg5 oo
S b pliade Lol g 4y slagls (20,0l (S
3 (RO s g S 0 gl ) g s LSS
yien Lzl el adsi cho gl (S5 Sl oS Sl
ooy plol ladsd 51 (S 0 Lgs oS 0gd a8 5 Jai o Wb
Farhangfar (2018) iwgh ,dai olnl 6 pwd slagls (g9,
Sl ails 3529 49150 4l et al.

Conez 93 IS ,0) oigid gy 0yl 5l Jol> mbi
Sl ool &)1 F Jgam o (cplizle ool 5 4y slagls
0331 55 955 5 €58 a3l onlial Gulul 923 o i &S
oles Cio sl VL &5 Lawgie ECM s FCM RM
zsh ol o et Ay Cae ln Jle o g, VIVAY
pSekS VAL o +/¥FR /T A g 4 PY) 2oyl
Llod a5 a5 0g5 Jlo j0 /YD g /¥ o/ ¥V S5 o
.(P<’/’ M \) J.Sb}g )‘o@m Lg)LoT

Sl 52 2 051y 9l 0ad bl sla gy 5
@350 Tl Gloj 40 et 0o (o802t ol 4 o e
395 6055, 31 Baae (ol 5 slagls (20, polus 5
Gabizs 50 el oal eolatwl B b gej]
obwl pliads slgS (g9, Izadkhah et al. (2011)

wles &5 pB b el 5, slas,sS, 5l aS Glul,>
Sade el oolaiwl (20l S oy gl Siedss
2ol (ulal  45) (802 polas Cdio (gl (oS53 g,
a5 (25 el oy S b A 955, V0O b adgs
SVYAA Gloj o3l 40) Jlo jo ausyo +/-0F Ll (099 00
S5 o dme (gylel bl 4 a5 wl oyl (VYVA
s, Farhangfar et al. (2018) iz o (P>-/-0)

5 Pl b 905l 59, GlesysS, 5l aS Gl syed slagls
Se oy Glp pgSmoh Sl Joe



ol 0olaiad b ol ) cpbiade Jeol g an; slagls 0, omie sla g anlllas 1o, Kan g 3 Kinyd yglad S AY

S oo ki 0 |y aglS yuh (655 Dglate (slgioe ECM oS
Cdo Coz 3l gl anglin (g S Ban a4 aBlse o
(Cosl ilizme 138 (6l jlacs (50 0509 40) (80,0l gl
g ooliiwl (65,3 (6l 0o meal b slas,sS ) 5l el
a5 ol L (it g 09l 5l Jole @l rizan
2 g (205 d el dr ey Ol (89,08 Dheogas
AVl Slpts 5l (20 polas g (Bt ol oy o

losgy )19)55 » (potlao 5 St

‘53'0)“35 s:...

Mol 55 0 alewg 4y S5 ipgh 4o colaiwl 5,50 slaosls
5 Sid Slpe alwy o a5 el oals @)l (65 9leS

oeloion el 3550 o p oo (rdgtans 51 095 o508

sz Sleme Glp by opz Glyoe sl ks eesl 5,
polad aVWle Olpess ol ol usal (uiign g
RWANCTY PECON S XYW

eonliide Jool lagls as ols (lis 5935 iegh sloadly
SO A5 My o0 (B e ol A 5 0 i) Lol A s
Jeol g4 Glagls slp a5 o Gad sl Ggllas (Sig
39y B3,55 ;) )0 (PO zol 4 e, ploj (pliida

I Fps BCM) 550 Glp ool mmal b (90

&7 Slp edd memai g RM) pls (5051 59, sl s,
2 OR e lagls (23,05 pglds izen g (FCM)
S YL (Sle JIECM 9031 39, sl 55 5 ol
D 9,55, £5 50 Sl o0l drloe (23 1l pla &

ol azg beplly .cwl jls o5 0 (FCM g RM ) ,i

250 0,55k (2l 7ol ley 5o b adg (Jlo p2 50 59)) (B0, ol 4 (e loy Dlao oS98 Wiy, —F Jgax

s 09931 395 25955 E55 dms sl (Jlo 2 50) (20 s pglas 5 (JLos
Table 6. Phenotypic trend for the traits of peak time (d/y), peak yield (kg/y), and persistency (per year) in three

types of milk test day records

Trait Test day record! Estimate SE P-value R?
RM 2.132 0.066 0.0001 0.983
PT FCM 2.306 0.092 0.0001 0.972
ECM 2.293 0.082 0.0001 0.977
RM 0.408 0.013 0.0001 0.983
PY FCM 0.369 0.018 0.0001 0.957
ECM 0.395 0.014 0.0001 0.977
RM 0.037 0.001 0.0001 0.989
Per FCM 0.036 0.002 0.0001 0.968
ECM 0.035 0.001 0.0001 0.975

I'RM: Raw milk, FCM: Fat corrected milk, ECM: Energy corrected milk
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