(ﬁ = =
ol é’m o Yo B Gl NV o 1Y 0jleds YV als /ol pole (sla yimgly dy puti/ i}y ole dllis

[Animal Science " Resea | .
reh DOI: 10.22034/AS.2022.49088.1640

Ol ) 83 (slasine 918 Ay yudi Salis (sLa yisl jls dides wia Saisy bl
LS gy all cutaa M pus was LS Jlea

(EXAVEL70) PR @JU AARLVARVA 7 St AP @,l:
Ohs 5 rb b 5 305LES pske oK1 als ol o5 S sl

Ol b e 5 30318 pske ol als p5ke 05,8 (6585 sl
phd.saeid.neysi268@asnrukh.ac.ir ;45 J g *

N

9 S5 (ol SIS et w5 (56K 51 (gladA Gl laieds el as sl sla e 1 Siladlas (saia0)
S ebdsn slagine s au b fade Gua s glhieds ( a3y (nl 59 1B s oo suliinal Ol s (saliad]
s sl (iaSanls 5 S 5 (e daliae i )LD o sSae ghitaaiin (el g ) (mabsy Jao i
S5l Bt 505598 st a5 Glae I8 Gl VEYAS pn3T S5 sasd a3 0585 1 TV 31 skt g ISk g
i suliical g su s sl pen 5o Gl sa Gl (6355l lea 3K pe L 55 1YA4 BAYVY (slagle 5o oS
3591 sl 3 slass S5 5 A8 s SAS H15ala 3 NLIN (s, 3 saliinnl b oau sud Sate sladainl 3
Sire 5 (RMSE) Liaa el e 0nSilis st « (R?) s i ool s laduse (Sl (stmnlio s S
oma bt 5ouly salie 5 o cud oYL GREI L sy (il Jue st as alal (AIC) SaIST ol
O el s =i b Jas ol aalo S (Asad Gate (B3 i 0Se sladse 4 caws AIC , RMSE
AIY ) Sl sa slaghus 58 sod aal 5 gl catulad w5500 1) e ad 85 ol 0 Gy le)y il5 oo ol 3 sl
(Bt Sliia 555 s OBy e 10 ss il 1 uy (1 555) ps (54388 s Ll sie 5 sbes (355 o9 p oSS
09 (A iade wlis (5 uduadl,y Hlale (P /o) cudls Hlapae 631 Giul) Jla 4K a5 0510 (g5ls sne
53 (Siewas s JEA 5 YV [0V L5 4 (€) ptalS (s WIS 5 (0) cul38) S ok (@) w5 52T
S sy ol (5 S aii o ils S1,3 (€ 5b) NS (b 5 a)—+/00 el 5o sausad iate Slin o
B o€ (him in Jala3ga3ad 5 (hd e sladue S saliial b Aused et saiSiiue g gladse b))
aslad o Lol st and 3 003l QRal3) 5 s g YU (SB35 b b slagine g8 plulis oo

w

Dal ool g s be 5l Lol (sLaals (sulaiil 5 s 5 laas] men il d ! slalen o
u;“‘b Sga Hd 6@\,3 J_J.B Y Jab]o-o 64‘3—.‘ u_a.uLu‘ u:n-“é* L Jiid (E 5w J‘ 64‘..5 GLAbJL@;\ ..\‘%AS

e 5LS Ll Ll Slasl claea (A5 55 sladls Sl 50 a5 sLaSLS aelS



VY Jlo /Y o)l ¥Y als [ gol> pole (cbo jimgly ay i

...95«.@‘&0‘1#‘3 Y’

b (58599 IS (ate ) e 95T sl
Siczat (Yo LS g (b ) w80 38
Cb @ slaioly 55, ¥ 0 ol als o (S5
O OBt w bl uliila sLaglS au s ot
9 om8) Sl 80 GBHIS /AN g o fE [TV LS
i C b @ gla el )l gndaasl,s (VAo o, Kan
i ol oS o olials LagK pas
CTTY 5 s a0 s [ e\ o) /o YA
N [ YA S s pges oS g oY g /oY
(VoY OloLSan 5 58 omal) i GBI5S /Y
Sy s 5100 renlie (eAlE A0l ol
OlolSan 5 Bla go) coal (50 (sLa S cdlis
SLASE (au o glas cdun Ga GRS Ha (Y-VY
Siras a8 SSlaa Ly b e sielly 5 plila
@l o O Sl (Sate cad alonas b 5 e
OoLSen 5 8 ) el s sas (Ale (Siuses
—Jae 518 4S uls olas aliae alie s V-V
Pt I SUS W PN PR 1) [ WS VAL SN VP~ B
S IR Llsan 5 (Jsdis soalb) cnal sad b))
o S Jeloga o5 50 (VWAL GlKas 5 Slale
49 398 s09 4B)S Hlai > Glaw o (SeBF b)lysS
lonbis 88l 5308 s Fomb €83 5l s (e
lom e 5 ol (Jae (Flio iy JalaS s 55
s LI e slad & oblpa 5388 2L
a5 50 Oledsa laeslS 8359 cudsh 5 cueal 4
A s G5l il nla ealllas
=2l ol ) saliid b oludsa GiaeslS cines
Fate gladaial ¥ Jho s BlaS s ias 5 alas

8 S alal e glS a0 ek

Laghg, 9 ige
aie suiiSidiin o bl aol S GBS Hlieds
i) slayial b 4.)\91_)—) 5 () Jou—a) s

o 4l 9305585 VYV Sl ol s slagiue o€

Ll Ly 5,85 5 Jods 4y Sl sa
YL odS  oend ol se 5 4333 anas seliuals
Obi—sl s 53 gl PSloa ol
OIoLSes 5 (859 soalk) ol sads Joas Gl &
(YA

Al ) (SIS sl S sty (oA e
S5t g g a3 Ay 8559 Sy Uyl 3 e
09 g iR SISS (ol (VAM g 0S5 el )
Ll w55 oS wUlpun a5 ot g slaals Slam
— = a3 15 (s3laTd) ago (slaa el SASH 5 00 <
e olwdas (Yor o olKan 5 ¢ sealsY) wila
iiomie 5l (el sladae Sl soliiol b oau s
60059 Job 5 s a8 (i gl gade
Ol (2l o=l Sl euliial b ol ausa
9 =l s o o 5wl 5 ) Oloe 5 O
LAl L 5 asd asglm ) A nd Sade 2alS
SIS, e B b B 1) (Aol Jake JS gy
—aie (VAAC L San 5 (s pd) wadids o 5o
ol e ool G gu 4 A0y
Sl pad A0y hate b e (siiudibs
I3 Ly alS 55 5 Gl 5 sl Y pens
sl Ja¥o 51 (V4A0 L San 5 s ) wls
SmS Ly OlaB 4 ()8 e ol ue sla fAaie
5 Opab) 0,58 o,ldl a8 gl 5 Jad e 05 S,
= ol (2L, sladae G SE (Vo0 o) Sea
9 G ol b B (Al (e (55
&= 1o 2l 2l Lb Galsl slos (VYY) Ol1San
SRR ] K B X\ M KPP VR X GV e CE PR PP
b 55 (Bl ladaie (5515 g Jae (Bae )
D8 saliiuls; e (sofadn o)t 3l ol
Lol as s Sade (55 2 (oBa5y oo 28 S
(shitondin s S5 (a3l sLalS il 8 (plila
Do bliiae b K g Siaaly o sSas sllaania

sAemlio Jao (a8l LK L 5 o8 S 518 (351



A Oltejb o stengls (230 (oo o el atho w (S U1

s sl sl e Gl sa Ll aly el eislas Js) il 0559 e s LS Gul, VEYAL (55T 55
sa S salin Ll s A8 LS AYVY sladlo b S (4K 0AY)

Tablel- Mathematical functions describing the lactation curve of Khuzestan buffalo

Function Number of Model Reference
parameters
incomplete gamma function 3 Yt =at b e —ct (Wood, 1967)
Wilmink 3 Yi =a+bt +cexp 0-0% (Wilmink, 1987)
v 1
inverse polynomial 3 t = (Nelder, 1966)
a+bt 92 1cine)
) _ —0/05t Macciotta et al., )
mixed log 3 Yt =a+bt +cexp (2005
_ 305 305 Aliand)
Ali and Schaefer 5 \ _a+b(ﬁ)+c(ﬁ)2+d In (—) k(In (—)) (Schaeffer, 1987
- _ RYZ —Ct\ Dijkstraetal., )
Dijkstra 4 Yi = aexp{(C J1—exp ~")—dt } (1907
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Table 2- Evaluation indicators of models to determine the best function of lactation curve

Indicator B8} Equation
iy o R2—ssreg , sse
coefficient of discrimination R? = =
sst sst
Akaike information criterion AIC AIC =n(log(27)+log(sse) —log(n)) +2(n + p +1)
Y )?
Mean squared error MSE tzll ¢ -Y)

MSE =-1=

root mean square error RMSE

sse: Residual sum of square, sst: Total sum of square, p: Number of parameters, n: Number of observations
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Table 3- Descriptive statistics for milk trait
in Khuzestan buffaloes

Item value
Number of records 103760
Mean (kg) 8.08
Maximum (kg) 27.50
Minimum (kg) 1
standard deviation (kg) 3.048
Coefficient of variation 37.87
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Table 4- Parameter estimates for the different lactation curve models of Khuzestan buffaloes

functions parameter Estimated Value standard error minimum maximum

incomplete gamma a 6.91 0.209 6.50 7.32
function b 0.057 0.0088 0.039 0.074

c 0.00083 0.000097 0.00061 0.0010
a 8.64 0.0696 8.50 8.77

Wilmink b -0.0037 0.00041 -0.0045 -0.0028
c -1.37 0.217 -1.80 -0.95

a 0.117 0.00097 0.115 0.119

inverse polynomial b 0.041 0.012 0.016 0.066

c 0.000042 0.000000059 0.000030 0.000053

a 6.78 0.25 6.28 7.29
mixed log b -0.205 0.025 -0.256 -0.15
c 0.76 0.01 0.54 0.97

a 16.29 1.50 13.33 19.24
b -13.48 1.63 -18.65 -8.32
Ali and Schaefer c 4.85 0.24 2.40 7.29
d -4.21 0.08 -5.49 -2.64

k 0.52 0.11 0.31 0.744
a 8.051 0.031 7.98 8.11

Dijkstra b 0.0025 0.0027 -0.0028 0.0080
c 0.072 0.023 0.026 0.11

d 0.0012 0.00040 0.00047 0.0020

Table 5- Fixed effects of season, year and herd on the parameters of Khuzestan
buffalo lactation curve

Fix Effect/parameter a b c
season 0.790 0.082 0.821
year 0.0001 0.0001 0.0001
herd 0.0001 0.0001 0.0001

Table 6- Comparing goodness of fit for lactation curves for non-linear models

Function AIC MSE R? RMSE
'”Cofmp'e.te gamma 51585.98 9.2272 0.88055 3.037
unction
Wilmink 51793.01 9.2380 0.875618 3.039
inverse polynomial 51905.98 9.2581 0.875348 3.042
mixed log 51797.15 9.2445 0.875532 3.040
Ali and Schaefer 51790.39 9.2393 0.875611 3.039
Dijkstra 51803.13 9.2854 0.874990 3.047
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Table 7- Lactation trait parameters estimated
with Wood's incomplete gamma function

Trait Value

time at peak yield 68.67
peak yield 8.30
Lactation persistency (s) 7.49
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Table 8- Estimation of heritability (diagonal), genetic (above diagonal) and phenotype correlation
coefficients (below diagonal) and components of lactation curve variance

parameter a b c
a 0.57 -0.511 0.044
b -0.35 0.27 0.138
c -0.086 0.196 0.48
o2 49.51 0.208 0.0102
ol 37.18 0.55 0.0108
of 86.70 0.76 0.021
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Table 9-Animals with the highest breeding value of Khuzestan buffalo lactation curve

parameters
a b c
Row Animal Number Row Animal Number Row Animal Number
1 3436 1 3438 1 3119
2 3410 2 3409 2 7

3 3360 3 3418 3 3253

4 2868 4 3361 4 3199

5 24 5 3282 5 3219

6 3174 6 3169 6 3163
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Introduction: Improving the performance of economic traits of domestic livestock by means of
sounds breeding programs could elaborate meeting the protein demands of the human world
population. The water buffalo, also called the domestic water, bears up substantial value in terms of
milk and meat production. Khuzestani buffalo, the subspecies of domestic Asian water buffalo
(Bubalus bubalis) has become a strategic animal species in Khuzestan province, Iran, due to its
ability to adapt to adverse environmental conditions, low quality feed sources dependency and high-
quality products. Archaeological and ancient records show little evidence regarding the expansion
of the Khuzestani buffalo. Many people in the region depend on this species for their livelihoods
than on any other domestic animal. In this regard, the buffalo lactation could have crucial role in
farmers' economy. In general, having knowledge of lactation curve, may shed some lights on
management and farm-based operation of milk production system. The lactation curve is a graphical
representation tool that reflects the effect of couple of numbers of different factors on milk
production during lactation; therefore, it is useful in making better management decisions. In other
words, it could summarize the pattern of milk production, biological and economic efficiency of the
animal. Several models have been suggested to describe the lactation curves.

Material and methods: In this study, in order to estimate the association between different fitted
lactation curves and their comparisons on Khuzestani buffalo, six nonlinear mathematical models
(Wood, Wilmink, inverse polynomial, Complex logarithm, Ali and Schaefer and Digestra) were
used. Material and methods: The data used in this study, consisted of 103760 test day records of
milk yield of 14280 buffalo in the first parity that collected by the Agricultural Jihad Center of
Khuzestan province during 1993 to 2020. The Microsoft Excel was used to edit the data. Animals
with unknown birth and calving dates were removed. Those fixed effects that had significant effects
on the coefficients of lactation curve (P < 5%) were included in the final model. The lactation curve
parameters were estimated using the nonlinear regression procedure (NLIN) of SAS software
version 9.4 on test day records. Evaluation of goodness of fit was based on the coefficient of
determination (R2), root mean square error (RMSE) and Akaike information criterion (AIC). The
(Co) variance components were estimated by multi-trait animal model using restricted maximum
likelihood method run in WOMBAT software.
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Results and discussion: Descriptive statistics of milk production of Khuzestani buffaloes based on
103760 records from different areas shown that the average milk production was 8.048 kg, standard
deviation was 3.047 and coefficient of variation was 37.87 as well. Wood's mathematical model
provided the best fit of the lactation curve due to the highest value for the R2 and lower values for
RMSE and AIC compared to the other models and it obtained as 0.88. The a, b and ¢ parameter
values of Wood’s model were estimated 6.91, 0.057 and 0.00083, respectively. The results showed
that the wood model was able to estimate the time of peak milk yield more accurately than the other
models. The peak milk yield of Khuzestani buffaloes (8.30 kg/d) appeared on average in the tenth
week (day 69) after calving. The heritability of lactation curve traits for initial yield (a), upward
slope of the curve (b) and downward slope of the curve (c) were obtained 0.57, 0.27 and 0.48,
respectively. In this study, the persistency(s) value for typical lactations were lactation curve were
estimated 7.49. The genetic correlations among lactation curve parameters ranged from -0.55
(upward slope of the curve and initial yield) to 0.138 (upward and downward slope of the curve),
whereas the phenotypic correlations ranged from -0.35 (Between initial yield and the upward slope
of the curve) to +0.196 (b and c). The solutions of mixed model equations revealed that Buffalo
with IDs 3436, 3410, 3360, 2868, 24, and 3174 had the highest breeding value for coefficient a. In
other hand, buffalo 3438, 3409, 3418, 3361, 3282, and 3169 showed the highest breeding value in
the coefficient b. Finally, the buffaloes that obtained the highest hereditary value in different
coefficients of lactation curve were introduced as the superior buffaloes. By knowing the best
buffaloes in terms of breeding value for parameters a and b, it is possible to select buffaloes to be
parent for next generation. In general, evaluating lactation curve equations using nonlinear models
and multi-trait analysis is an effective step in identifying buffaloes with high genetic potential to
improve and increase milk production efficiency. The results of the present study showed that
among the six mathematical models studied, Wood's incomplete gamma function had more viability
for fitting the lactation curve of Khuzestani buffalo. The effect of calving season was not significant
on lactation parameters while year of calving had a significant effect. Negative and moderate
genetic correlations between initial production parameters (a) and upward slope (b) of the lactation
curve indicate that keeping on with higher initial production level will have a lower rate of increase
until peak production. In the present study, multivariate analysis led to the relationship of all
coefficients of the lactation curve with each other and as a result more realistic parameters were
estimated for them. It is suggested that in future studies, a computer-aided economic production
system be designed and the economic coefficients related to the parameters of the lactation curve be
estimated for integration into the selection index. Also, in order to improve the performance of
Khuzestani buffalo, it is recommended to study the genomic relationship of milk production curve
parameters.
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