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Abstract: In this study, the possibilities of determining the changes of lactation milk components in Damascus goats by mathematical
models were investigated. The animal material of the study consisted of 47 Damascus goats raised in Gok¢ebag village of Siirt province.
Milk components were analyzed in milk samples acquired at 2-week intervals after parturition. Milk components were analyzed using
the Lactoscan Milk Analyzer. Wood and Ali-Schaeffer models, which are assumed to be the most appropriate for the definition of
lactation curves, were applied to the milk component data obtained to describe the change in milk components, the best fitting model
was determined, mathematical and biological relationships were solved in protein and fat content, and the relationship between the
parameters was examined. Samples taken from dairy goats in the local enterprise were expressed with mathematical models and the
change in milk content during lactation was tried to be learned. The results are intended to form the basis for the improvement of goat

milk content and breeding projects in Siirt.
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1. Introduction

Goat breeding is an important component of small
ruminant production worldwide and in Tirkiye.
Tiirkiye's geographic structure, soil characteristics, and
vegetation provide a favorable environment for goat
farming. Additionally, goat breeding plays a significant
economic role in rural areas due to its minimal land
requirements and adaptability to harsh conditions (Park
and Haenlein, 2006; Paksoy, 2007; Kaymak¢ and
Engindeniz, 2010). According to FAO (2014), goats
contribute 2.4% of the world’s milk production. In
Tiirkiye, 90.8% of milk production comes from cattle,
8.88% from small ruminants, and the remainder from
buffaloes.“Of the small ruminants’ contribution, 6.28%
comes from sheep and 2.60% from goats (Semerci and
Celik, 2016).

Milk composition, particularly fat and protein content,
varies significantly in goat milk depending on factors
such as breed, season, lactation period, and nutrition.
Goat milk contains approximately 4.5% fat and features a
higher proportion of short and medium-chain fatty acids
compared to cow milk, offering distinct nutritional
benefits (Yadav et al,, 2016; Tiifekei, 2023). The taste and
composition of goat milk are highly dependent on the
breed and feeding practices (Raynal-Ljutovac et al,

2005). Proper maintenance and feeding conditions,
particularly in intensive farming systems, can help
achieve desired milk quality parameters. Milk content is
a critical determinant of milk prices and is linked to
quality (Raynal-Ljutovac et al, 2008).
Variations in milk components, such as fat and protein,
are influenced by the lactation stage. For instance, the
beginning, middle, and end of lactation may show
significant differences in milk composition (Dagkiran et
al,, 2022). However, studies addressing lactation curves

standards

for goats remain limited, despite extensive research on
this topic for cattle (e.g, Dag et al, 2003; Keskin and
Tozluca, 2004; Cilek and Keskin, 2008; Ziilkadir et al,,
2008 Cilek et al., 2009; Keskin et al., 2009a; Keskin et al,,
2009b; Gok et al., 2019).

Lactation curves are mathematical representations of
milk production patterns throughout the milking period.
These curves are essential for evaluating milk yield and
determining selection criteria. Knowledge of lactation
curves and their parameters in goats are very important
for changing the shape of lactation curves and improving
these parameters in order to optimize production and
benefits (Mousa and Elzarei, 2016). Parity had a large
effect on the characteristics of the lactation curve in dairy
goats. It was found that peak yield increased with
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increasing parity up to about the third or fourth parity,
while time of peak yield is later for first-parity does than
for later parity does (Groenewald and Viljoen, 2003).
Models such as Wood, Dhanoa, Wilmink, Cobby and Le
Du, Dave, and Inverse Polynomial have been widely used
to describe lactation curves (Masselin et al, 1987,
Gaddour et al, 2009). Animals with flatter lactation
curves are preferred for their consistent yield, efficient
maintenance, and reproductive advantages (Wood, 1967;
Madsen, 1975; Akbulut, 1990). Incomplete gamma
function of Wood was sufficient in describing lactation
curve for Damascus goats. The Wood’s model explained
the variation quite accurately and described the shapes
of lactation curves (Ayasrah et al.,, 2013). These models
have been applied in diverse goat populations, including
Alpine goats (Gonzalez-Pefia et al, 2012), Damascus
goats in Jordan (Ayasrah et al, 2013), and crossbred
goats in Saudi Arabia (Mousa and Elzarei, 2016). Each
model offers unique advantages in terms of accuracy and
applicability, depending on the production environment
and specific traits of the studied population.

Protein and fat content in goat milk are also influenced
by factors like lactation stage, season, and nutrition.
Comparative studies on goat and cow milk proteins have
highlighted significant differences due to species genetics
and feeding practices (Haenlein, 2004; Min et al,, 2005).
Protein content, an important quality criterion for milk
payment systems in many countries, is determined by
lactation stage and season (Raynal-Ljutovac et al., 2005;
Pirisi et al., 2007).

The aim of this study is to model changes in milk
components during the lactation period of Damascus
goats raised in Siirt, Tiirkiye. By focusing on Damascus
goats in Siirt, the study also provides insights into local
production dynamics, helping optimize goat milk yield
and quality in the region. Specifically, the Wood and Ali-
Schaeffer
appropriate for describing lactation curves, were applied
to protein and fat content data.”By identifying the best-
fitting model, this study seeks to elucidate the
mathematical and biological relationships underlying
these variations and analyze the connections between
model parameters.

models, which are widely regarded as

2. Materials and Methods

The animal material of this study consisted of 47
Damascus goats raised in Gokcebag village of Siirt
province.
conditions and there were no special management
practices for housing, feeding kidding etc. Milk samples
were acquired every two weeks during the parturition
season and 7 test days were performed in total (April 1-
July 1, 2021). In total 274 test-day records were used in
the study. The samples were brought to Siirt University,

The animals were raised in extensive

Faculty of Agriculture, Laboratory of Animal Husbandry
with milk preservatives in 50 cc tubes and analyzed with
Lactoscan Milk Analyzer (MILKOTRONIC LTD, Bulgaria)
on the same day.

2.1. Mathematical Models

Wood and Ali-Schaeffer models are widely used lactation
curve models. In this study, these mathematical models
were applied to control day records. The models are as
follows (Silvestre et al., 2006)

Wood Y, = atbe=ct 1)

Ali-Schaeffer Y, = a + b8, + c62 + d6; + g6? (2)

From the terms in equation 1,

Y:: milk yield on day t of lactation (kg),

t: the time from kidding to the test day (days),

e: denotes the base of the natural logarithm.

a, b, c: parameter estimates of the lactation curve;

a: is an intercept,

b: curve increase at the beginning of lactation,

c: is the coefficient indicating the decline of the curve
after reaching the highest level.

From the terms in equation 2,

6:=t/305,

0t =1n(305/t) and

t: indicates any day of lactation,

a: parameter refer to the peak yield,

d and g: parameters refer to the increase in the curve,
b and c: parameters refer to the decrease in the curve.

2.2. Comparison of the Models

The following criteria were used to compare the models
(equation3-10) (Burnham and Anderson, 2002).

a) Coefficient of Determination,

R =1 (i =902/ ) (= 9)? 3)
i=1 i=1
b) Adjusted Coefficient of Determination,
2 _ ,n—1
Radj—l—(l—R)rp 4)

c) Mean Squared Error (MSE),
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f) Akaike Information Criterion
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g) Bayesian Information Criterion
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h) Hannan-Quinn Information Criterion (HQC)

v 2
HQC =In [HZ(yi -9+ Tm [In(Inn)] (10)
=1

Where,

n: Number of observations,

p : Number of parameters in the model,
yi: milk yield in the it week,

y: average daily milk yield,

¥: the predicted milk yield.

In determining the best model, it was taken into
consideration that the coefficient of determination,
adjusted coefficient of determination and Wellmont
Agreement Criterion were high, while the other criteria
were low. In the study, R statistical package (R Core
Team, 2021) was used to calculate the parameters in the
models. The nlsLM() function from the minpacklm

package in R estimates model parameters using the
Levenberg-Marquardt algorithm.

3. Results and Discussion

Means and standard errors of milk components
according to control days are given in Table 1.
Statistically significant differences were observed in milk
components on individual control days (P<0.01), and this
results highlighting the dynamic nature of milk
composition throughout lactation). The findings revealed
that milk fat content exhibited notable fluctuations,
peaking at the end of the 1st and 3rd months, as well as at
the beginning of the 4th month. This result is consistent
with previous studies indicating that milk fat content
varies due to physiological changes in lactation stages
(Zeng and Escobar, 1995). Protein content started to
increase at the end of the 1st month. The changes and
distribution of milk components throughout the control
period are given in Figure 1-9.

Table 1. Means and standard errors of milk components according to control days

N Controlday Fat(%)**  SNF (%)** Density**  Lactose (%)** Salts (%)** Protein (%)** Freezing point** pH** EC**
1 01.04.2021 3.75#0.182 8.22+0.17¢d  29.09+0.56¢f  3.69+0.07dc  0.61+0.01¢  3.89+0.08de -0.46+0.012 6.69+0.02>  6.44+0.172
2 22.04.2021 3.83x0.21= 9.10£0.172> 32.45+0.61bc  4.08+0.08®>  0.67%0.01>  4.31+0.082> -0.51£0.01cd 6.64+0.02¢  5.46%0.15P
3 06.052021 2.47%0.18 9.27£0.292  35.17%0.652 4.260.082 0.71+0.012 4.49+0.082 -0.53+£0.014 6.66+0.01b¢  5.24+0.13b
4 19.05.2021 2.29%0.16¢ 9.02+0.163>  33.36x0.60>  4.04%0.07>  0.67x0.01b 4.27+0.08 -0.49£0.01bc 6.63+0.02¢  5.47+0.12b
5 03.06.2021 3.07+0.18> 8.48+0.09«¢ 30.65+0.37de  3.81+0.04cd  0.63+0.01cd  4.02+0.04<d -0.47+0.01ab 6.55+0.024  6.30+0.092
6 17.06.2021 3.65x0.17@ 8.72#0.16>c 31.12+0.57<d  3.91£0.07>c  0.65%0.01bc  4.13+0.07bc -0.490.01> 6.65+0.02b¢  6.46+0.092
7 01.07.2021 3.77+£0.182 8.08+0.09¢  28.57+0.31f 3.61£0.04¢ 0.60+0.014 3.83£0.04¢ -0.44+0.012 6.77+0.022  6.58+0.102
**P<0.01 (SNF: Non fat solids, EC: Electrical conductivity)
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Figure 1. Variation of fat in milk. Figure 2. Variation of protein in milk.
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Figure 3. Variation of SNF in milk

1.04.2021

22.04.2021

6.05.2021

Control days

18.05.2021

3.06.2021

17.06.2021

1.07.2021

37 —
36 —
35 —
34 —
33 —
32 4
31 —
30 4
29 —
28 —
27 —

Density (%)

1.04.2021

22.04.2021

6.05.2021

Control days

19.05.2021

3.06.2021

Figure 4. Variation of density in milk

45 —
44 —
43 —
42 —
41 —
40 —
39 —
38 —
37 —
36 —
35 —
34 —

Lactose (%)

17.06.2021

1.07.2021

1.04.2021

22.04.2021

6.05.2021

19.05.2021

3.06.2021

Control days
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Figure 9. Variation of electrical conductivity in milk

Table 2. Correlations between milk components

The correlation between milk components is given in
Table 2. When Table 2 is analyzed, the correlations of
milk components with the others except the correlations
with fat and pH were found to be statistically significant.
Accordingly, there was a highly significant correlation
between SNF and milk density, lactose, salt and protein
(P<0.01) and a significant correlation between freezing
point and electrical conductivity (P<0.05). There was no
statistically significant correlation between milk fat
content and other components. However, the correlation
between milk protein content and density, lactose and
salt was very significant (P<0.01). Zeng and Escobar
(1995) reported that there was a significant correlation
between milk fat content and SNF content in Alpine goats
(P<0.001). In the same study, it was found that there was
a significant correlation between milk lactose and protein
content (P<0.05) and a very significant correlation
between milk lactose content and SNF in accordance with
the findings of the present study.

Milk components Fat SNF Density Lactose Salt Protein Freezing point pH
SNF -0.570

Density -0.736 0.966**

Lactose -0.597 0.991** 0.982**

Salt -0.627 0.985** 0.988** 0.996**

Protein -0.597 0.990** 0.982** 0.999** 0.998**

Freezing point 0.448 -0.972** -0.933**  -0.983** -0.973** -0.983**

pH 0.411 -0.453 -0.428 -0.421 -0.379 -0.407 0.385

EC 0.634 -0.917** -0.923**  -0.918** -0.925** -0.919** 0.873* 0.326

*P<0.05, **P<0.01

3.1. Fitting Lactation Curves

In the present study, Ali-Schaeffer and Wood models
were applied to the data obtained for milk components.
The parameters calculated as a result of the application
of the models to the data are given in Table 3. In the
Wood model, the coefficient a indicates the point where
the curve crosses the y-axis, the coefficient b indicates
the rise of the curve at the beginning of lactation and the
coefficient c indicates the decline of the curve after
reaching the highest level. In the Ali-Schaeffer model, the
a parameter indicates the peak value, the d and g
parameters indicate the rise in the curve, and the b and c
parameters indicate the descent in the curve (Silvestre et
al., 2006).

As can be seen from Table 3, the Ali-Schaeffer model has
5 parameters and the Wood model has 3 parameters. The
graphs of the application of the Ali-Schaeffer and Wood
models to the observation values are given in
Supplementary Figures 1-18.

3.2. Model Comparison Results

When the models applied to the data obtained for milk
components were evaluated with the comparison

criteria, the changes in milk fat content, pH and electrical
conductivity were best explained by the Ali-Schaeffer
model, while the changes in SNF content, density, protein,

lactose, salt and freezing point were better explained by
the Wood model (Table 4). The curves fitted to the milk
components are shown comparatively in the graphs
between Figures 10-18.
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Table 3. Calculated parameters of the models

. Parameters
Milk component Models
a b c d g
F Ali-Schaeffer -38.097** 43.315** -1.472%* 76.321** -174.653**
at Wood 3.139** -0.733 -0.231 - -
SNF Ali-Schaeffer 7.271 0.981 -0.033 -3.114 -9.808
Wood 8.992** 0.245%* 0.083** - -
D . Ali-Schaeffer 82.348 -55.268 1.973 -118.704 191.116
ensity Wood 32.747%  0362%*  0.121% - ;
Ali-Schaeffer 5.216 -1.589 0.061 -5.174 3.113
Lactose
Wood 4.069** 0.270* 0.092* - -
Sal Ali-Schaeffer 1.136 -0.552 0.021 -1.398 1.565
alts Wood 0.669** 0.281* 0.095* - -
. Ali-Schaeffer 5.772 -1.957 0.076 -5.995 4.227
Protein
Wood 4.289** 0.267* 0.091* - -
v . . Ali-Schaeffer -0.291 -0.169 0.005 0.036 1.149
reezing point Wood -0.504** 0.256* 0.089* - ,
u Ali-Schaeffer 9.979* -3.426 0.143 -6.152 12.006
P Wood 6.635** -0.034 -0.011 - ;
EC Ali-Schaeffer -9.056 16.117 -0.626 34917 -51.823
Wood 5.521** -0.401* -0.142* - -
*P<0.05, **P<0.01.
Table 4. Evaluation criteria for the models
Milk component Model p R? Rgdj MSE D g AIC BIC HQC
Fat Ali-Schaeffer 5 0.99 0.99 0.01 0.99 1.06 53.45 -5.16 -5.59
Wood 3 0.51 0.27 0.65 0.82 10.6 6.28 -0.88 -1.15
SNF Ali-Schaeffer 5 0.88 0.63 0.39 0.97 1.29 56.19 -2.42 -2.85
Wood 3 0.85 0.78 0.25 0.96 1.41 4.38 -2.79 -3.05
Density Ali Schaeffer 5 0.90 0.69 1.86 0.97 1.81 59.29 0.68 0.25
Wood 3 0.86 0.80 1.23 0.96 1.87 7.56 0.39 0.13
Lactose Ali Schaeffer 5 0.86 0.57 0.21 0.96 1.68 54.96 -3.65 -4.09
Wood 3 0.83 0.75 0.13 0.95 1.64 3.11 -4.06 -4.32
Salts Ali Schaeffer 5 0.86 0.59 0.04 0.96 1.67 51.36 -7.25 -7.69
Wood 3 0.82 0.74 0.02 0.95 1.75 -0.38 -7.55 -7.81
Protein Ali Schaeffer 5 0.86 0.57 0.22 0.96 1.66 55.05 -3.56 -4.00
Wood 3 0.83 0.74 0.14 0.95 1.67 3.23 -3.94 -4.20
Freezing point Ali Schaeffer 5 0.81 0.44 0.03 0.95 2.05 51.09 -7.51 -7.95
Wood 3 0.75 0.62 0.02 0.93 2.38 -0.60 -7.77 -8.03
Ali Schaeffer 5 091 0.72 0.05 0.96 0.2 51.99 -6.61 -7.05
pH Wood 3 0.46 0.19 0.07 0.77 0.53 1.77 -5.40 -5.66
EC Ali Schaeffer 5 0.98 0.93 0.22 0.99 1.03 54.99 -3.63 -4.06
Wood 3 0.84 0.76 0.33 0.95 3.05 491 -2.25 -2.52

p= number of parameters in the model, R?= coefficient of determination, Rﬁd/: adjusted coefficient of determination, MSE= mean

squared error, D= Wellmont Agreement Criteria, £ = mean absolute percentage error, AIC= Akaike Information Criterion, BIC=

Bayesian Information Criterion, HQC= Hannan-Quinn Information Criterion.
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Figure 13. Plot of fitting Ali-Schaeffer and Wood models

to lactose content data
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Regarding lactation curve modeling, the comparison of
Ali-Schaeffer and Wood models demonstrated varying
performance across different milk components. The Ali-
Schaeffer model, which includes five parameters, was
found to better explain variations in milk fat, pH, and EC,
likely due to its ability to capture complex fluctuations

over time. In contrast, the Wood model, with its simpler
three-parameter structure, provided a better fit for SNF,
density, protein, lactose, salts, and freezing point. These
results suggest that while the Wood model is effective for
general trends, the Ali-Schaeffer model may be more
suitable for components exhibiting pronounced early and
late lactation variations.

5. Conclusion and Recommendations

In animal breeding, the prediction of some yields is of
great importance in terms of breeding economics.
Especially in economically important livestock, the time
until the animals reach the productive age is an issue to
be considered in terms of cost. This is an important issue
in animal breeding applications and must be overcome.
Therefore, the estimation method with mathematical
models offers us benefits in terms of time and cost. In the
case of determining the best prediction method, it will
contribute to time and profitable production by making a
good selection at the beginning, preparing a suitable
ration considering the lactation curve and planning the
appropriate strategies required by predicting the yield of
the flock in advance. Most of the basic elements of
lactation are similar in all species and especially between
dairy goats and dairy cows, but there are some
differences. Some of these are due to the higher
metabolic rate in the goat.

In this study, two mathematical models commonly used
in lactation curves were applied to milk components in
the case of Damascus breed dairy goats, curves were
drawn and parameters were calculated. The Wood and
Ali-Schaeffer functions analyzed in the study were
evaluated with AIC, BIC, HQC, MAPE, D, MSE, Rlzld]- and R?
methods used to compare different models, and the
statistics obtained showed that different models gave
better results in different components.
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