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A comprehensive analysis of lactation traits in the Arbia goat breed (Capra hircus) 

from Algeria 

 

Abstract 

This study aimed to analyze the milk performance of Arbia does, the predominant goat 

breed in Algeria. A total of 389 quantitative and qualitative milk control records were 

collected from sixty-six dairy Arbia does monitored throughout their complete lactation 

period. The animals, managed under similar livestock practices, were located in two 

different agroecological regions: arid (Ar) and semiarid (SAr). The days in milk (DIM) and 

kidding interval (KI) were 195.82 ±60.42 and 250.55 ±69.55 days, respectively, with milk 

production peaking at 89.22 ±10.76 days postkidding. The study recorded an average 

Total Milk Yield (TMY) of 207.18 ±76.86 kg, Daily Milk Yield (DMY) of 1.05 ±0.2 kg, and 

persistence coefficient (PC) of 72.91 ±4.13 %. The average Total Fat Yield (TFY), Total 

Protein Yield (TPY), Milk Fat Rate (MFR), and Milk Protein Rate (MPR) were 

219.72 ±95.05 g, 745.28 ±88.68 g, 1.94 ±1.13 %, and 4.11 ±1.67%, respectively. Does 

from SAr produced more TFY and comparable TPY compared to those from Ar, despite 

having lower TMY and shorter DIM, reflecting significantly higher MFR and MPR in SAr. 

While lactation length showed potential influence on TMY (P = 0.07) and significant 

effects on TPY (P < 0.05), other factors, such as age, lactation number, and animals' 

origin, did not significantly affect TMY. Analysis revealed one production profile in Ar and 

two distinct lactation production profiles in SAr, suggesting the need for tailored 

optimization strategies based on this diversity in milk production characteristics. 

Keywords: Fat Rate; Goat; Lactation traits; Lactation curve; Milk production; Protein rate. 
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Study contribution: 

This study provides the first detailed overview of milk production and lactation in the Arbia 

goat, Algeria’s main dairy breed. It shows how different environmental conditions affect 

milk quantity, quality, and the length of lactation, revealing clear regional differences. Milk 

fat and protein levels, as well as lactation duration, vary with the environment, reflecting 

the breed’s ability to adapt. Importantly, the study finds that the length of lactation has a 

greater impact on total milk production than the goat’s age or number of previous 

lactations. By highlighting these differences, the research offers valuable insights for 

designing local management and breeding strategies, helping to improve sustainable 

dairy production while conserving this uniquely adapted breed. 

Introduction 

Domestic animal genetic resources significantly contribute to the country's domestic 

production, and sustainable agricultural development should rely on the valorization of 

biodiversity through the improvement of local genetic resources.(1) Counting 

5 120 824 heads, the Algerian goats population represents, after sheep 

(31 192 020 heads), the most important group of ruminants.(2) Goat farming constitutes 

an important economic activity for breeders in small-holder production systems. It is 

mainly concentrated in mountainous, steppe, and sub-desert areas(3, 4), and the Algerian 

Arbia goat breed, ethnically related to the Nubian breed, is the most dominant 

population.(5) This breed has a multicolored coat (black, gray, brown) with long hair 

measuring 12–15 cm,(5−7) and it is characterized by its small size (50–70 cm), and a 

hornless head with long, wide, and pendulous ears.(5, 8) 
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Meat is the primary product from goat breeding in Algeria, with a production of 

19 243.84 tons.(2) The production of goat milk in Algeria is estimated at 324 463.67 tons 

and is mainly consumed by the breeders and their families.(2, 4) Its industrial valorization 

has seen remarkable development in recent years, but still often remains at the traditional 

scale.(9, 10) Cow's milk represents 76 % of the national production, with the remaining 

24 % attributed to camel and goat milk.(11) This modest productivity is attributed to the 

feeding system, which is primarily based on grazing.(12−14) Additionally, the absence of 

standard genetic improvement programs and unregulated crossbreeding exacerbate this 

situation.(7) Algeria’s need to increase internal milk production led to efforts that did not 

adequately consider these animals’ adaptation to local environmental conditions; as a 

result, attempts to increase milk production were unsuccessful.(15) 

Research on milk production profiles of dairy animals has been conducted using 

various methods that describe the biological processes of milk production.(16−19) The 

improvement of milk production pathways has been traditionally based on evaluation 

systems such as progeny testing, sire evaluation, and dam-daughter comparisons.(20) 

Modeling the shape of the curve from elementary controls,(21−23) as well as methods such 

as principal component analysis (PCA), are very comprehensive approaches for 

analyzing multiple milk production traits simultaneously.(24, 25) Their assumption-free 

nature and computational efficiency make it particularly suitable for exploring complex 

datasets, revealing underlying patterns and relationships without the need for labeled 

data.(26) Additionally, PCA's feature extraction capabilities allow for the creation of new 

features that capture the most relevant information, enhancing subsequent modeling 

tasks. 
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This study aimed to collect data about milk production of Arbia breed goat and in 

particular to: (1) investigate the milk performance and lactation curve characteristics; 

(2) evaluate the effects of various factors such as age, origin, lactation number, and 

lactation duration on average milk, fat, and protein production per lactation; (3) classify 

the Arbia goat population based on their lactation traits. 

 

Materials and methods 

Ethical statement 

The animals were studied according to the ethical principles of animal experimentation 

and international guidelines for animal welfare (Terrestrial Animal Health Code 2018, 

section 7. Art 7.5.1) and national executive decree No. 95-363 of November 11, 1995 

(Algeria). 

Study area  

The study was conducted in two different regions: Souk Ahras and Biskra (Figure 1). 

Souk Ahras is characterized by a hot and dry summer and a cold and humid winter. The 

annual precipitation in this region reaches 650 mm in the north and 350 mm in the south. 

Significant snowfall occurs during the winter, with temperatures ranging between 1–15 °C 

in winter and between 25–32 °C in summer. The sirocco and northwest winds blow over 

Souk Ahras. As for Biskra, it has a hot Mediterranean climate with a dry summer 

according to the Köppen-Geiger classification. The average temperature in Biskra over 

the year is 22.4 °C, and the average precipitation is 195.9 mm. 
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Figure 1. The geographical locations of the two study areas: Souk Ahras and Biskra. 

 
Animals 

The study was conducted over a period of eight months, from March (the kidding month) 

to August, and involved 66 unrelated goats sourced from two farms located in Souk Ahras 

(n = 32) and Biskra (n = 34). All animals belonged to the local Arbia breed and were 

raised in a family farming system under semi-extensive management conditions 

(Figure 2). A preliminary clinical examination confirmed that all goats were in good health 

and free from any apparent disease. The animals ranged in age from 1 to 5 years and 

were distributed according to their lactation order as follows: first lactation (n = 11), 

second (n = 24), third (n = 18), fourth (n = 9), and fifth (n = 4). Farming practices were 

similar across both study sites.  

The goats were kept in open-air enclosures with straw bedding and static 

ventilation. They grazed daily on natural pasture and received a supplemental ration of 
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150 grams of concentrate feed per animal. Water and feed were provided collectively 

each evening upon their return from grazing.  The goats were not synchronized for 

breeding (two breeding periods: spring and autumn) and were bred naturally with a ratio 

of 1 buck per 7 does throughout the year. Milk was manually collected once a day, in the 

morning. 

 

 

Figure 2. Algerian indigenous goat of Arbia breed. 

 

Data collection and laboratory analysis  

The milk control was conducted regularly every 26-33 days in an unpredictable manner 

for the farmer. The first control was carried out within the interval of 5 to 38 days after 

kidding. A total of 389 quantitative controls were performed and conducted 

simultaneously with milk sampling for physicochemical analysis. Individual animal milk 

samples were placed at 4 °C and transported under a cold chain to the laboratory, where 
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they are analyzed within 24 hours. The following physicochemical quality parameters 

were measured using a LACTOSCAN® SAP 50 calibrated using the Gerber method for 

fat content and the Bradford method for protein content.(19)  

 

Lactation traits and reproductive performances  

The lactation traits and the reproductive performances were evaluated through the 

parameters described below.(27−30) The duration of lactation: days in milk (DIM in days), 

calculated by adding the periods between the onset of lactation and the initial 

assessment, subsequent assessments, and the final assessment before the end of 

lactation (during drying off), as provided by the breeders and documented in the survey 

conducted on the farms under investigation. Milk recording was carried out during the 

milking-only period in accordance with the guidelines of the International Committee for 

Animal Recording for dairy sheep milk recording.(28) Dairy performance was monitored 

through monthly tests, following the protocol of the official control system of the AC-coded 

type.(29) This procedure involved recording individual and total milk yields during the first 

milking, along with total production during the second milking within a 24-hour cycle.  

Milk volume was measured at morning milking, and the morning-to-evening yield 

ratio was used to estimate the individual daily milk yield. Total milk yield (TMY), expressed 

in kilograms, was calculated using Fleischmann’s method.(27, 29) Specifically, TMY was 

computed by multiplying the first interval by the milk yield recorded at the initial 

assessment, each subsequent interval by the average yield of the two corresponding 

assessments, and the final interval (from the last control to drying-off) by the yield 



 

10 
 

observed at the last assessment. The sum of these products provided the estimate of the 

TMY. 

TMY = 𝑁𝐶1 + 𝑖1 [
(𝐶+𝐶2)

2
] + ⋯+ 𝑖(𝑛 − 1) [

(𝐶𝑛−1+𝐶𝑛)

2
] + 𝑝𝐶 

N: Number of days between calving and Control 1 (C1).  

C1: First control.  

C2: Second control. 

Cn: Last control.  

Cn-1: Second-to-last control.  

i1: Days between C1 and C2.  

i(n-1): Days between the second-to-last control and the last control. 

p: Days between the last control and drying off. 

 

Total fat yield (TFY) and total protein yield (TPY) in grams were calculated by using the 

same methodology for computing total milk yield per lactation. Indeed, TFY and TPY were 

computed by multiplying the interval between kidding and first control by the fat 

rate/protein rate recorded at the initial assessment, each subsequent interval by the 

average fat/protein rate of the two corresponding assessments, and the final interval (from 

the last control to drying-off) by the fat/protein rate observed at the last assessment. 

Percentages of milk fat rate (MFR) and milk protein rate (MPR in %) were calculated, 

respectively, as the average of the total quantity of fat and protein produced per lactation 

divided by the total quantity of milk per lactation of each animal. 

The total butter quantity, butter yield (BY) was estimated to be 85 % of the total fat 

quantity yielded per lactation and per animal.(31) Daily milk yield (DMY) in kilograms was 
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determined by dividing TMY by the DIM. The persistence coefficient (PC) was calculated 

as follows in order to evaluate the animals’ ability to keep a high level of milk output 

following the initial peak of lactation over time.(19) Essentially, it gauges the capacity of an 

animal. 

PC =
100

𝑛
[(

𝑃1

𝑃𝑚𝑎𝑥
) + (

𝑃2

𝑃1
) + (

𝑃3

𝑃2
) +⋯+ (

𝑃𝑛

𝑃𝑛 − 1
)] 

n: Number of controls.  

Pmax: Maximum production (peak).  

P1: Production at the 1st control.  

P2: Production at the 2nd control.  

P3: Production at the 3rd control.  

Pn: Production at the last control.  

Pn-1: Production at the penultimate control. 

 

Utilizing the "test-day records" from milk recordings, individual lactation curves were 

generated, providing a depiction of the daily milk production over time. The average 

lactation curve identified several key parameters, including DIM, TMY, maximum 

production (Peak), time to peak production (tpeak), duration of the ascending phase, 

duration of the descending phase, slope of the curve during the descending phase, and 

PC. Kidding interval (KI): the duration between two consecutive kiddings, offering insights 

into the reproductive cycle of the female goats. Days open (DO): the period known as the 

calving-to-conception interval, calculated as the timeframe between calving and the 
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subsequent conception of the female goats. This interval is crucial for understanding the 

reproductive efficiency and fertility of the goat population under study. 

 

Statistical analysis 

The collected data were summarized by descriptive statistical analysis (mean, standard 

deviation, maximum, and minimum). Pearson correlation analysis was conducted to 

examine the relationships between these lactation traits. The effects of the lactation 

number and of the breeding herd on the considered lactation traits were evaluated 

through analysis of variance (ANOVA) after the assessment of the normal distribution 

through Shapiro-Wilk and Kolmogorov-Smirnov tests. The ANOVA test was followed by 

Duncan's post hoc test. In addition, a multivariable linear regression analysis was used 

to investigate the relationship between independent variables (such as origin, age, 

lactation number, breeding system, and lactation length) and dependent variables such 

as total milk yield, total fat yield (TFY), and total protein yield (TPY).  

The Global Validation of Linear Models Assumptions (gvlma) package in R 

confirmed that the linear models meet the assumptions of linearity, normality of residuals 

(Skewness and Kurtosis), and homoscedasticity. A principal component analysis (PCA) 

was conducted to elucidate various production profiles among the animals under study. 

The objective of this analysis was to condense the information encompassed by several 

original lactation trait variables: DIM, TMY, TFY, TPY, MFR, MPR, DMY, BY, PC, and KI 

into a reduced set of composite variables termed "Principal Components" (PCs), while 

retaining as much information as possible. Phenotypic correlations, represented by factor 

loadings, between the PCs and the original lactation traits were also computed. Only PCs 



 

13 
 

with eigenvalues exceeding unity were retained, as they accounted for the majority of 

data variance.  

The principal component scores (indices) assigned to each animal were regarded 

as potential predictors of lactation performance. Subsequently, all does were categorized 

into one of three groups based on their PC scores. Milk production performance was then 

analyzed using one-way ANOVA, with the data segmented into three clusters generated 

by hierarchical ascending classification (HAC), where the PCs served as independent 

variables. The analyses were performed using R (version 4.3.3) software. Statistical 

significance was determined at a threshold of P < 0.05. 

 
Results 

Lactation length and reproductive performances 

Data obtained from lactation control records, encompassing various time intervals such 

as successive lactation controls, dry period duration, lactation length, days open, and the 

interval between kidding, are in Table 1. The average interval between kidding and the 

first control was 22.47 ±7.39 days. Successive controls (C2 to C8) occurred at intervals 

with averages ranging from 23.32 ±0.47 to 33.64 ±1.49 days. The recorded interval 

between the last control and the beginning of the drying-off period was 25.76 ±8.56 days. 

Additionally, the mean dry period length was 54.73 ±16.66 days. The average DIM was 

195.85 ±60.42 days (Figure 4). Furthermore, lactation control encompassed a series of 

examinations, comprising 4 checks for 32 goats, resulting in an DIM of 136 days. For 

11 goats, the examinations were extended to 7 checks, yielding an average lactation 
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duration of 224.63 ±7.54 days. Remarkably, 23 goats continued their lactation until the 

8th check, resulting in an average lactation duration of 265.26 ±9.93 days (Figure 3). 

 
Table 1. Intervals (days) between kidding and first lactation control of the Arbia dairy 

goat breed 

 N Mean SD Min Max 

K-C1 (days) 66 22.47 7.39 3 41 

C1-C2 (days) 66 33.64 1.49 31 35 

C2-C3 (days) 66 33.11 1.88 31 35 

C3-C4 (days) 66 29.05 3.05 23 32 

C4_C5 (days) 34 23.32 0.47 23 24 

C5_C6 (days) 34 25.62 2.37 24 29 

C6_C7 (days) 34 29.97 1.42 29 32 

C7_C8 (days) 23 32.00 0.00 32 32 

LC-D (days) 66 25.76 8.56 17 34 

D (days) 66 54.73 16.66 44 115 

DO (days) 66 91.38 39.73 33 198 

KI (days) 66 250.55 69.55 180 346 

DIM (jr) 66 195.85 60.42 136 279 

K: kidding, C1, C2,.., C8: Control number, D: Dry off, LC: Last control, DIM: Days in Milk, 

KI: Kidding interval, DO: Days open. 
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Figure 3. Lactation length in relation to the number of milk controls conducted. 

 
The mean intervals of DO and KI were 91.38 ± 39.73 days and 250.55 ± 69.55 days, 

respectively (Table 1). 

 

Milk yield and lactation persistency coefficient  

Table 2 and Figure 4 show the results of milk production traits monitoring in the studied 

goats. The average milk yield per goat increased from the initial control (1.16 ±0.62 kg) 

to the third control (1.77 ±0.5 kg). Peak milk yield was observed approximately on the 

89.22 ±10.76th day post-kidding. Subsequently, milk production exhibited a gradual 

decline, reaching its nadir by the 8th control (Figure 4). The overall average TMY per 

lactation was 207.18 ±76.86 kg, with individual values ranging from 68.00 to 346.73 kg. 

The mean DMY per animal was 1.05 ±0.20 kg, with the highest and lowest daily averages 

recorded at 1.49 and 0.50 kg, respectively. The mean persistency coefficient of milk 
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production per lactation ranged between 64.85 % and 82.22 %, with an average of 

72.91 ±4.13 %. 

 

 

Figure 4. Average lactation curve and reproductive traits of Arbia goat breed (n = 66) 

C: Control number, DO: Days open, KI: Kidding interval (days), DIM: Days in milk. 
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Table 2. Milk yield per control, milk yield between the last control and dry off, total milk 

yield, daily milk yield, and persistency coefficient of Arbia dairy goat breed 

 N Mean SD Min Max 

MY C1 (kg) 66 1.16 0.62 0.50 2.23 

MY C2 (kg) 66 1.51 0.57 0.50 2.56 

MY C3 (kg) 66 1.77 0.50 0.43 2.93 

MY C4 (kg) 66 1.05 0.31 0.43 2.00 

MY C5 (kg) 34 0.81 0.27 0.26 1.36 

MY C6 (kg) 34 0.53 0.22 0.18 1.00 

MY C7 (kg) 34 0.29 0.13 0.04 0.57 

MY C8 (kg) 23 0.12 0.06 0.01 0.26 

TMY (kg) 66 207.18 76.86 68.00 346.73 

DMY (kg) 66 1.05 0.20 0.50 1.49 

PC (%) 66 72.91 4.13 64.85 82.22 

MY: Milk yield (kg), TMY: Total milk yield per lactation (kg), DMY: Daily milk yield (kg), 

PC: persistence coefficient (%). 
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Milk fat and protein yield  

Data about milk fat and protein evaluated during the entire lactation period are reported 

in Table 3. The average TFY per animal was 219.72 ±95.05 g. Furthermore, the average 

MFR over the entire lactation period was 1.94 ±1.13 %, and the average BY produced 

per animal amounted to 186.31 ±34.60 g. The overall average TPY per animal was 

745.28 ±88.68 g, and the average milk protein rate content over the entire lactation period 

stood at 4.11 ±1.67 %. 

 
Table 3. Milk fat rate per control, fat rate between the last control and the dry off of Arbia 

dairy goats breed 

 N Mean SD Min Max 

TFY (g) 66 219.72 95.05 152.04 434.78 

MFR (%) 66 1.94 1.13 1.00 6.39 

BY (g) 66 186.31 34.60 130 370 

TPY (g) 66 745.28 88.68 495.07 926.34 

MPR (%) 66 4.11 1.67 2.14 11.8 

FR: Fat rate (%), TFY: Total fat yield per lactation (g), MFR: Milk fat rate per lactation 

(%), BY: Butter yield (kg), PR: Protein rate (%), TPY: Total protein yield (g), MPR: Milk 

protein rate per lactation (%). 

The average MFR and MPR per control exhibited significant variations (P < 0.01). The 

highest average fat rate level (4.61 ±1.38 %) was recorded during the 5th control at 

141.59 days post kidding, and the lowest (2.28 ±1.07 %) was observed during the last 

control (8th), averaging 229.18 days (Figure 5). On the other hand, the rate of the protein 
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content displayed a range from 2.62 % to 4.73 %, with the highest levels recorded during 

the first control at 22.47 days (4.73 ±1.87 %, ranging from 2.96 % to 7.82 %), while the 

lowest levels were observed during the 8th control (2.62 ±0.91 %) (Figure 5). 

 

 

 

Figure 5. A) Average milk fat rate FR and B) protein rate PR per control along the 

lactation of Arbia goat (n = 66). 

Correlation between lactation traits  

The results of correlation analysis between variables related to lactation and milk 

production of Arbia goats are provided in Table 4. The DIM showed a strong positive 

correlation with TMY and KI. The TMY was negatively correlated with TFY and MFR. 

A 

B 
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Additionally, TFY is positively correlated with BY. For the protein yield, TPY showed a 

moderate positive correlation with DIM, MPR TFY. The PC showed very weak 

correlations with other variables.  

 
Table 4. Correlations between lactation parameters of Arbia dairy goats 

 
DIM TMY DMY KI TFY MFR BY PC TPY MPY 

DIM 1.00 
         

TMY 0.871** 1.00 
        

DMY 0.10 0.561** 1.00 
       

KI 0.977** 0.887** 0.17 1.00 
      

TFY -0.775** -0.749** -0.292* -0.784** 1.00 
     

MFR -0.709** -0.789** -0.525** -0.723** 0.917** 1.00 
    

BY -0.889** -0.846** -0.274* -0.910** 0.960** 0.895** 1.00 
   

PC 0.03 0.16 0.302* -0.01 0.04 -0.05 0.02 1.00 
  

TPY 0.826** 0.28 -0.16 0.399* 0.17 -0.03 0.20 0.30 1.00 
 

MPR 0.12 -0.868** -0.939** -0.29 -0.16 0.483** -0.16 -0.19 0.17 1.00 

DIM: Days in milk (days), TMY: Total milk yield per lactation (kg), DMY: Daily milk yield 

(kg), TFY: Total fat yield per lactation (kg), MFR: Milk fat rate per lactation (%), 

BY: Butter yield (kg), TPY: Total protein yield (kg), MPR: Milk Protein rate (%), 

PC: Persistence coefficient (%), KI:  Kidding interval (days). Significance levels: 

* P < 0.05, ** P < 0.01, and *** P < 0.001. 
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Comparison of lactation traits according to the origin and lactation number 

Animal’s origin 

The comparison of lactation parameters among the two study areas, Souk Ahras (SA) 

and Biskra (B), is reported in Table 5. The average DIM and the KI were significantly 

(P < 0.001) higher for animals from Biskra region compared to those from Souk Ahras 

region (DIM: 252.12 ±21.33 vs. 136 ±17.74 days and KI: 316.94 ±12.67 vs. 180 ±26.85 

days). Conversely, the TFY, MFR (P < 0.001), and MPR (P = 0.03) were significantly 

higher in Souk Ahras than in Biskra. No significant difference was observed in TMY, DMY, 

TPY, and PC between the two regions (P > 0.05). Therefore, does from Souk Ahras 

exhibited higher total fat yield (TFY) and a comparable total protein yield (TPY) relative 

to those from Biskra, despite presenting a lower total milk yield and a shorter lactation 

length. This situation reflects the significantly higher levels of fat and protein content (MFR 

and MPR) in Souk Ahras compared to Biskra. 

 

Lactation number 

Table 6 presents a comparison of lactation parameters across different lactation orders, 

categorized from the 1st to the 5th lactation. The DIM, TMY, DMY, TFY, and KI tend to 

decrease as the lactation order increases (P > 0.05), showing a potential decrease in milk 

production and lactation performance in later lactations. The MPR appears to slightly 

increase with lactation order (P > 0.05), with the highest rate observed in the 4th lactation, 

while PC remains relatively consistent across different lactation orders.  
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Table 5. Comparison of lactation parameters between Souk Ahras and Biskra regions 

for Algerian local Arbia goats 

 
Region N Mean SEM Sig 

DIM (days) 
SA 32 136.00 3.56 

*** 
B 34 252.12 3.65 

TMY (kg) 
SA 32 138.79 5.05 

ns 
B 34 271.55 7.78 

DMY (kg) 
SA 32 1.0200 0.03 

ns 
B 34 1.0800 0.03 

KI (days) 
SA 32 180.00 1.78 

*** 
B 34 316.94 2.17 

TFY (gr) 
SA 32 260.35 13.81 

*** 
B 34 109.66 4.59 

MFR (%) 
SA 32 2.0500 0.19 

*** 
B 34 1.4100 0.01 

PC (%) 
SA 32 72.930 0.74 

ns 
B 34 72.900 0.70 

TPY (gr) 
SA 32 707.81 14.63 

ns 
B 34 780.55 13.98 

MPR (%) 
SA 32 5.430 0.26 

* 
B 34 2.960 0.10 

SA: Souk Ahras region, B: Biskra region, DIM: Days in milk (days), TMY: Total milk yield 

per lactation (kg), DMY: Daily milk yield (kg), TFY: Total fat yield per lactation (kg), 

MFR: Milk fat rate per lactation (%), TPY: Total protein yield (kg), MPR: Milk protein rate 

(%), PC: Persistence coefficient (%), KI: Kidding interval (days). Significance levels: 

*P <  0.05, **P < 0.01, and ***P < 0.001. 

 



 

23 
 

Table 6. Comparison of lactation parameters according to the lactation number of local 

Arbia goats 

 1st (n = 11) 2nd (n = 24) 3rd (n = 18) 4th (n = 9) 5th ( = 4) 
Si
g   Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM 

DIM (days) 215.45 6.08 196.96 14.66 196.33 6.75 174 14.46 136 19.85 ns 

TMY (kg) 218.37 11.65 207.06 23.25 214.91 8.28 192.1 18.30 84 30.03 ns 

DMY (kg) 1 0.04 1.05 0.07 1.08 0.05 1.1 0.05 0.62 0.07 ns 

TFY (g) 151.42 10.93 174.35 21.02 189.59 10.34 214.69 27.08 341.94 8.55 ns 

MFR (%) 0.94 0.04 1.16 0.22 1.2 0.04 1.39 0.37 4.07 0.06 ns 

PC (%) 72.42 0.84 72.4 1.35 74.17 1.58 72.6 0.91 72.37 2.23 ns 

TPY (g) 765.46 22.84 729.30 20.15 746.20 33.41 761.89 27.93 788.61 69.12 ns 

MPR (%) 3.87 0.14 4.03 0.37 3.96 0.14 4.41 0.52 4.38 0.03 ns 

KI (days) 265 3.37 252.78 17.07 254.44 5.81 226.22 16.55 188 4.16 ns 

DIM: Days in milk (days), TMY: Total milk yield per lactation (kg), DMY: Daily milk yield 

(kg), TFY: Total fat yield per lactation (kg), MFR: Milk fat rate per lactation (%), 

TPY: Total protein yield (kg), MPR: Milk protein rate (%), PC: Persistence coefficient 

(%), KI: Kidding interval (days). 

 
Multivariate analysis of Total Milk Yield, Total Fat Yield and Total Protein Yield  

The statistical models significantly predicted TMY, TFY, and TPY (R2 adjusted = 0.44-

0.75, P < 0.001; Tables 7–9). However, only lactation length showed a potential influence 

on TMY, albeit at a borderline significance level (P = 0.07). Other factors such as age, 

lactation number, and animals’ origin do not appear to significantly affect TMY. None of 

the independent variables had a statistically significant impact on TFY. Conversely, two 

predictors emerged as significant determinants: animals’ origin and lactation length on 

TPY. The animals’ origin notably influenced the TPY (P = 0.01), with the negative 
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coefficient suggesting a significant decrease in animals from Souk Ahras compared to 

Biskra (reference level). Additionally, lactation length significantly affected the TPY 

(P < 0.001), with longer lactation periods associated with higher protein outcomes, as 

indicated by the positive coefficient. 

 
Table 7. Multivariable linear regression analysis of total milk yield in Arbia dairy goats 

Factors Estimate SE t P-value 95 % CI 

Constant -13.26 30.94 -0.43 0.67 -75.14–48.61 

Age 9.53 24.86 0.38 0.70 -40.19–59.25 

Lactation number -2.85 12.89 -0.22 0.83 -28.62–22.93 

Animals’ origin 59.28 49.60 1.20 0.24 -39.89–158.45 

Lactation length (days) 0.61 0.33 1.86 0.07 -0.05–1.26 

Multivariable regression: age, lactation number, animals’ origin, and lactation length. 

Model statistics: R² adjusted = 0.75, F = 54.77, P < 0.001. 

Values are regression coefficients ±standard errors (SE). The least squares method was used. 

"Animals’ origin" reflects the farm location. Dependent variable: Total milk yield (TMY, kg). 
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Table 8. Multivariable linear regression analysis of total fat yield in Arbia dairy goats  

Factors Estimate SE t P-value 95 % CI 

Constant 373.73 47.68 7.84 0.00 278.39469.08 

Age -1.86 38.32 -0.05 0.96 -78.47–74.76 

Lactation number 5.88 19.86 0.30 0.77 -33.84–45.59 

Animals’ origin -128.88 76.43 -1.69 0.10 -281.71–23.95 

Lactation length (days) -0.08 0.51 -0.15 0.88 -1.09–0.93 

Multivariable regression: age, lactation number, animals’ origin, and lactation length. 

Model statistics: R² = 0.64, R² adjusted = 0.62, F = 27.91, P < 0.001. 

Values are regression coefficients ±SE. TFY expressed in grams. Dependent variable: Total fat 

yield. 

 

Table 9: Multivariable linear regression analysis of total protein yield in Arbia dairy goats  

Factors Estimate SE t P-value 95 % CI 

Constant 504.73 54.34 9.29 0.00 396.08–613.38 

Age -16.61 43.66 -0.38 0.70 -103.92–70.69 

Lactation number 15.84 22.63 0.70 0.49 -29.41–61.10 

Animals’ origin -251.43 87.09 -2.89 0.01 -425.59–77.28 

Lactation length (days) 3.05 0.58 5.30 0.00 1.90–4.20 

Multivariable regression: age, lactation number, animals’ origin, and lactation length. 

Model statistics: R² = 0.48, R² adjusted = 0.44, F = 14.13, P < 0.001. 
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Values are regression coefficients ± S.E. TPY expressed in grams. "Animals’ origin" was 

initially included but found collinear with breeding system (r = 1) and was therefore 

excluded from final models to avoid multicollinearity. 

 

Typology of goat production performances 

Linear correlations between lactation traits of dairy goats and the first three Principal 

Components (PCs) are presented in Table 10 and Figure 6. The PCA results reveal the 

contribution of variables to the first three axes. Together, these three factors capture 

83.6 % of the information contained in the lactation data. The first principal axis (PC1) 

explains 61.37 % of this total information. The variables DIM, TDY, KI, TFY, MFR, BY, 

and MPR significantly contribute to this first factor. The second principal axis (PC2), 

representing 12.22 % of the variance, is primarily influenced by the variables PC and 

TPY. Finally, the third principal component (PC3) explains 10 % of the variance and is 

mainly characterized by the variable DMY.  
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Figure 6. Pearson’s correlations between the first two principal components (PCs) and 

lactation traits. 

 

The categories "Biskra" and "Souk Ahras" of the qualitative variable "origin of the animals" 

are positioned to the left and right of PC1, respectively. From these observations, we can 

conclude that axis 1 corresponds more to the assessment of the quantity and quality of 

milk produced by goats, while axis 2 corresponds mainly to the evaluation of lactation 

persistence, and axis 3 to the evaluation of the average daily milk production. Figure 7 

illustrates the distance between individuals according to the illustrative variable (origin). 

Animals from the Biskra region are perfectly separated from those from the Souk Ahras 

region (Figure 7).  
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Figure 7. Distance between individuals based on the qualitative variable (origin) 

according to PC1 and PC2 of the PCA. 

 

Furthermore, when utilizing production traits to elucidate potential effects on the principal 

component loadings, a distinct clustering of observations was discerned within the first 

two PCs. An overlapped stratification was noted concerning DIM, TDY, and TFY 

(Figure 8), with animals from the Souk Ahras region exhibiting shorter lactation lengths, 

reduced total milk yield, and elevated total fat yield per lactation.  
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Figure 8. Distribution of individuals based on production traits Days in milk (DIM), Total 

milk yield per lactation (TDY) and Total Fat Yield (TFY) according to PC1 and PC2 of the 

PCA.  

B 

C 

A 
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We distinguished 03 animal groups according to their lactation performance figures, as 

shown in Tables 11–13 and Figure 9.  

 

Figure 9. Clustering of individuals generated by hierarchical ascending classification 

(HAC), with the PCs as independent variables. 
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Table 10. Contribution of goat lactation traits to the construction of the first three 

principal components 

 Dim.1 Dim.2 Dim/3 

DIM 14.01 0.12 0.00 

TDY 14.28 0.62 0.00 

DMY 0.00 0.00 100/0 

KI 14.15 0.15 0.00 

TFY 13.45 1.72 0.00 

MFR 13.16 0.93 0.00 

BY 15.01 0.58 0.00 

PC 0.08 61.07 0.00 

TPY 4.12 32.35 0.00 

MPR 11.73 2.47 0.00 

Cumulative variance = 83.6 % 

DIM: Days in milk (days), TDY: Total milk yield per lactation (kg), DMY: Daily milk yield 

(kg), KI: Kidding interval (day) TFY: Total fat yield per lactation (kg), MFR: Milk fat rate per 

lactation (%), BY: Butter yield (kg), TPY: Total protein yield (kg), MPR: Milk Protein rate 

(%), PC: Persistence coefficient (%). 
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Table 11. Characterization by continuous variables of the first class of the partition 

 
Mean in 

category 

Overall 

mean 

SD in 

category 

Overall 

SD 
v.test 

P-

value 

KI 316.94 250.54 12.49 69.02 7.99 0.000 

DIM 252.11 195.81 21.01 59.96 7.80 0.000 

TMY 271.54 207.18 44.72 76.27 7.01 0.000 

TPY 780.55 745.28 80.32 88.68 3.31 0.000 

MPR 2.96 4.11 0.62 1.67 -5.74 0.000 

MFR 1.41 1.94 0.11 1.12 -5.87 0.000 

TFY 109.66 219.72 26.36 95.05 -6.44 0.000 

Cluster 1 / 3: n = 34. 51.51 % 

DIM: Days in milk (days), TMY: Total milk yield per lactation (kg), KI: Inter-calving interval 

(days) TFY: Total Fat yield per lactation (g), MFR: Milk fat rate per lactation (%), 

TPY: Total protein yield (g), MPR: Milk protein rate (%). 

 
  



 

33 
 

Table 12. Characterization by continuous variables of the second class of the partition x 

 
Mean in 

category 

Overall 

mean 

SD in 

category 

Overall 

SD 
v.test P-value 

DMY 1.15 1.05 0.11 0.19 2.76 0.003 

TFY 226.54 182.72 66.36 94.32 2.47 0.007 

TMY 156.97 207.18 15.38 76.27 -3.50 0.000 

DIM 136.00 195.81 0.00 59.96 -5.30 0.000 

KI 180.00 250.54 0.00 69.02 -5.43 0.000 

Cluster 2 / 3: n = 20. 30.30 % 

DIM: Days in milk (days), TMY: Total milk yield per lactation (kg), DMY: Daily milk yield 

(kg), KI: Kidding interval (days) TFY: Total fat yield per lactation (kg). 
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Table 13. Characterization by continuous variables of the third class of the partition  

 
Mean in 

category 

Overall 

mean 

SD in 

category 

Overall 

SD 
v.test 

P-

value 

MFR 3.0700 1.2000 1.150 1.120 6.29 0.000 

TFY 316.69 182.72 57.89 94.32 5.40 0.000 

MPR 6.4400 4.1100 2.010 1.670 5.28 0.000 

TPY 668.91 745.28 85.16 88.68 -3.27 0.001 

DIM 136.00 195.81 0.000 59.96 -3.79 0.000 

KI 180.00 250.54 0.000 69.02 -3.88 0.000 

DMY 0.7900 1.0500 0.110 0.190 -4.88 0.000 

TMY 108.49 207.18 15.900 76.27 -4.92 0.000 

Cluster 3 / 3: n = 12. 18.18% 

DIM: Days in milk (days), TMY: Total milk yield per lactation (kg), DMY: Daily milk yield 

(kg), KI: Inter-calving interval (days) TFY: Total fat yield per lactation (kg), MFR: Milk fat 

rate per lactation (%), TPY: Total protein yield (kg), MPR: Milk protein rate (%). 

 
Cluster 1 (N = 34, 51.51 %): This class is characterized by high TMY with prolonged DIM 

and longer IK interval. 100 % of the animals in this class belong to the agroecological 

area of Biskra. They have an KI of 316.941 days, a DIM of 252.118 days, a TMY of 

271.548 kg, and a TPY of 780.556 kg. Although their milk production is high, their 

lactation duration and inter-kidding interval are longer than the overall average. 

Class 2 (N = 20, 30.30 %): This class represents animals from the Souk Ahras 

region. They are characterized by moderate but stable milk production. On average, these 

animals have a DMY (Daily milk production) of 1.155 kg, a TFY (Total fat yield) of 
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226.544 kg, a TMY of 156.974 kg, a DIM  of 136 days, and an KI (Inter-kidding interval) 

of 180 days. These values are lower than the overall average, indicating lower but 

consistent milk production in this class. 

Class 3 (N = 12, 18.18 %): This class is distinguished by high milk production 

characteristics but with shorter DIM and KI. Animals in this class are from the Souk Ahras 

region. They have an MFR of 3.071 %, a TFY of 316.693 kg, an MPR of 6.442 %, a TPY 

of 668.918 kg, a DIM of 136 days, and an KI of 180 days. Although their milk production 

is high, their lactation duration and inter-kidding interval are shorter than the overall 

average. 

 
Discussion 

Our study was conducted with regular lactation monitoring in Arbia, where cows are 

typically kidded during the spring season in two distinct agroecological areas. The 

average DIM and the mean duration of the dry period were 195.82 ± 60.42 and 54.73 ± 

16.66 days, respectively. The average total milk yield per lactation was 207.18 ±76.86 kg, 

without a significant difference between milk quantity produced by goats from the Souk 

Ahras and the Biskra regions (P > 0.05). The DIM (170 days) and TMY (160 ±43 kg) 

reported by Djouza and Chehma(32) for Arbia goat breed from Biskra region in the arid 

Algerian zone were lower than those recorded in our study. Also, our results are higher 

than those reported by Moula et al. and Kouri et al.(3, 33) at the early lactation stage (13 

weeks) of the Arbia goat breed reared at Algerian arid conditions.  

The mean duration of the dry-off period was similar to that reported in Alpine, La 

Mancha, Nubian, Saanen, and Toggenburg does.(34) Comparing our results to the 
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lactation performance of other goat breeds of arid and mountainous regions, the achieved 

total milk yield is considered satisfactory when juxtaposed with data provided by 

Kerbaa(35) for the "Makatia" goat breed in Algeria (80 kg within 120 days), Kabylian goats 

(557.5 ±1.2 mL/day), and other African goat breeds like Nigerian Red Sokoto goat,(36) 

Egyptian Zaraibi and Shami goats(37) and black Moroccan goat(38) and also to that for the 

Corsican breed in Corsica (150 kg within 150 days).(39)  

Nonetheless, the TMY level seems to be much lower compared to the "Mozabite" 

goat (460 kg within 180 days) and the "Murciano-Granadina" (584 kg within 287 days), 

as assessed respectively by Kerbaa(35) in Algeria and by Delgado et al.(40) in Spain and 

even more significantly lower when contrasted with genetically improved breeds such as 

Alpine goat (800 kg of milk in 280 days) and the Saanen goat (900 kg in 

280 days),(25, 39, 41) the goat under study exhibits considerable divergence from being 

categorized as a purely dairy breed. The comparison between breeds reveals a wide 

range of characteristics. This variation in lactation length, milk yield, and composition, and 

persistency, influenced by breed and management systems, poses challenges for 

comparing scientific studies and achieving industry standardization.(41)  

The Arbia goat breed, despite its low production level compared to specialized 

breeds, holds significant interest due to its adaptability to local conditions (arid and semi-

arid), resilience to diseases and environmental stresses, and contribution to genetic 

diversity.(13) They play a crucial role in preserving agrobiodiversity, offering sustainable 

solutions to future challenges such as climate change and representing a key element of 

cultural heritage; stimulating local economic development through sustainable production 

and the valorization of local products.(13) Furthermore, this breed could constitute an 
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interesting model for the genetic improvement of its milk performance by involving 

selective breeding and crossbreeding programs. Examples of such improvement 

programs have led to a significant increase in milk production and profitability for local 

breeders of goat breeds such as the Jamunapari breed in India, West African Dwarf and 

Red Sokoto breeds in West Africa, the Toggenburg breed from Switzerland, and the Arsi 

breed in Ethiopia.(42−44) 

Milk yield was affected by postpartum months of conception. The average lactation 

curve in the Arbia goat is characterized by a milk production peak of 1.77 ±0.50 kg/day 

reached at 89.22 ±10.76 days post-kidding. Mean PC of milk production per lactation 

ranged from 64.85 % to 82.22 %, averaging at 72.91 ±4.13 %. These results 

characterizing the lactation curve are similar to those reported by Djouza and Chehma(32) 

in the Arbia goat from the Biskra region, characterized by a lactation peak at the 12th 

week, reaching a daily maximum production of about 1.04 ±0.34 kg. Kouri et al.,(33) 

reported an earlier and lower peak of milk production: 0.71 ±0.09 kg at the 6th week post 

kidding in a similar experimental environment. The decreasing lactation phase was 70 

days in the studied animals, which is comparable to that reported by Djouza and 

Chehma.(32)  

The average of the DMY per animal was 1.05 ±0.20 kg, which is higher than that 

reported by Djouza and Chehma:(32) 0.89 ±0.91 kg and Kouri et al.(33) 0.56 ±0.06 kg. 

Previous reports in the Makatia Algerian goat breed found that milk production was about 

1–2 L/day in Algeria,(45, 46) which was close to our results in the Arbia breed, which 

originates from different regions in Algeria. However, the studied animals produced higher 

milk quantity as compared to Draa goat (0.46 L/day) conducted in a permanent housing 
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in Morocco.(28) Milk production in dairy goats is influenced by a multitude of factors, 

encompassing both intrinsic characteristics of the animals and external environmental 

conditions. Intrinsic factors include breed, body size, weight, age, and prolificacy, while 

environmental variables comprise temperature, kidding season, and management 

practices.(45, 33, 47, 48)  

Low milk yield often stems from inadequate body condition due to energy and 

protein deficiencies in feed, notably prevalent in arid and semi-arid regions with limited 

rainfall.(33, 49) The timing of parturition can also impact milk production, with lactations 

commencing earlier in the year sometimes yielding lower volumes.(50, 51) Cold 

temperatures have been observed to diminish milk secretion in lactating goats, and local 

goat breeds were reported to better tolerate these environmental constraints compared 

to specialized high milk-yielding breeds.(52) The Same statement was reported for the 

production and reproduction of North cattle and sheep livestock under different 

agroecological conditions of North Africa.(53−55) Additionally, genetic factors play a pivotal 

role, with dairy breeds typically exhibiting higher milk production potential compared to 

mixed or meat breeds.(56)  

In this regard, some morphological characteristics were observed to have 

significant correlation with milk traits in Arbia goat from the Algerian arid region, mainly 

withers height, rump height, udder width, and udder circumference.(33) Females delivering 

twins generally produce more milk than those with single births.(33, 57) Other influential 

factors include body size, weight, udder attachment, and development, along with age at 

first calving and the interval between parturition and mating.(58, 59) Furthermore, the overall 

health status of the animal significantly influences milk production, with subclinical 
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diseases posing a greater threat than clinical ailments.(60−62) Therefore, maintaining 

optimal animal health is paramount for maximizing milk yield.(63) 

The observed intervals for DO and KI in the study (Table 1) align closely with 

existing data for Boer goats maintained under favorable management conditions in 

various climatic regions, including arid, semi-arid, and humid zones. These intervals 

suggest good reproductive performance, reflecting the ability of does to achieve inter-

kidding intervals of 7–8 months, produce up to four kids per parturition, and average litter 

sizes approaching two kids.(64) Similar reproductive metrics have been documented in 

other breeds as well, such as the Short-Eared Somali,(65) Ethiopian Central Highland,(66) 

and Arab breeds.(29, 67) Studies by Lehloenya et al.(64) and more recent summaries by 

Getaneh et al.(30) provide comparable findings, demonstrating consistency in reproductive 

performance across these different goat breeds and environmental conditions. The 

relatively high mean of days open and subsequently the kidding interval could be due to 

undetected estrus in herds using oriented mating or failure of does to return to estrus 

early after kidding because of the seasonality of breeding in goats. 

The milk composition results in our study, particularly the significantly higher fat 

and protein levels in animals from Souk Ahras, suggest regional influences on milk 

quality. The significantly higher fat and protein content in the milk of goats from Souk 

Ahras underscores the impact of regional conditions on milk quality. However, these 

values were lower than those reported in previous studies on grazing goats,(68, 69) 

suggesting that grazing practices and environmental factors significantly influence milk 

composition. The differences might be due to variations in feeding practices, 

environmental conditions, and genetic factors. According to Djouza and Chehma,(32) Kouri 
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et al.,(33) who investigated lactation performance of the Arbia goat breed in a similar arid 

region of our study area, the average goat milk composition of 3.5 % of fat, 3 % of 

protein,(32) and 3.49 % and 3.89 %(33) was reported.  

Compared to our results, these authors indicated a similar MPR and a higher MFR. 

For this last parameter, our results are somewhat close to the reported levels in the Arbia 

breed at arid and semiarid regions.(32, 33, 70) The protein rate showed a high concentration 

in the first week of lactation, then dropped continuously. The pattern of MPR change was 

similar to that reported by Kouri et al.,(33) with the highest protein rate recorded in the first 

week (first control). Similarly, these authors recorded the highest MFR at the first control, 

conversely to our records, where we observed two MFR peaks in the 2nd (56 days) and 

5th controls (141 days). The observed low MFR can be attributed to the tendency of goats, 

particularly those with lower production capabilities, to retain their milk during milking 

sessions. Additionally, the protein and fat rates decline during the subsequent lactation 

month of lactation is likely a result of dilution effects stemming from the increased milk 

yield during this period.  

Compared to other local goat breeds, Amroun et al.(71) reported higher averages 

of MFR and MPR in Kabilyan Algerian goats from the montagnious region (MFR: 

39.6 ±0.1 % and MPR: 48.9 ±0.2 %). Intrinsic factors like genetics and lactation stage, as 

well as extrinsic factors including diet and environment, influence milk composition. The 

milk fat and protein rates would be particularly high during periods of food restriction and 

thermal and hydric stress, due to farming conditions (natural grazing, Mediterranean 

climate), and forage quality (dry matter content).(71) According to Flores-Najera et al.,(72) 
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milk fat content was influenced by temperature, precipitation, kid sex, and offspring weight 

gain, while protein content showed no significant variations across different factors.  

The highest average MFR (4.61 ±1.38 %) was recorded during the 5th control at 

141.59 days post kidding, while the lowest (2.28 ±1.07 %) was observed during the last 

control (8th) at 229.18 days. Conversely, the rate of protein content ranged from 2.62 % 

to 3.39 %, with the highest levels recorded during the first control at 22.47 days 

(3.39 ±0.40 %), and the lowest levels observed during the 8th control (2.62 ±0.91 %). DIM 

and IKI showed a strong positive correlation with TMY. These positive correlations do not 

necessarily imply that breeding after kidding should be delayed.(34) Regression analysis 

suggests a quadratic relationship between reproduction and lactation traits.(34)  

Furthermore, TMY was negatively correlated with TFY and weakly correlated with 

TPY. A negative relationship between milk quantity and quality was established 

previously.(23, 68) The milk composition may differ in grazing goats despite their milk-

yielding potential.(69) These findings underscore the importance of factors such as 

lactation management, feeding practices, and goat health in optimizing milk production 

and milk quality. The factors influencing total protein yield may be multifaceted and not 

solely dependent on lactation length or other measured variables. PC shows very weak 

correlations with other variables, suggesting that its relationship with lactation length, milk 

yield, or other factors may be minimal. This could imply that factors influencing milk 

persistency may be independent or have weaker associations with other variables 

measured in the study.  

These findings highlight the complexity of factors influencing milk production and 

composition in goats. While DIM and TMY play important roles, other factors such as PC, 
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TPY, and MPR, also contribute to understanding milk production dynamics and quality. 

Our findings suggest that lactation performance, as indicated by parameters such as DIM 

and TMY, tends to decrease with higher lactation orders (parity), while MPR and PC show 

more variable patterns across lactation orders. According to Ciappesoni et al.,(73) the milk 

yield increased progressively with the parity until the 3rd lactation. Zamuner et al.(51) 

reported that the maximum milk yield was attained in the third parity, and the lowest 

proportion of does reaching DIM of 270 days was observed from the 4th parity.  

Margetín(74) recommended the following correction coefficients for milk production 

of goats on different lactations: 1st lactation 1.40; 2nd lactation 1.12; 3rd and further 

lactations 1.00. The DIM tends to be the shortest in advanced parity. The differences in 

these results may be related to several factors: physiological changes in mammary gland 

tissue, age-related metabolic decline, nutritional demands, reproductive factors, genetic 

limitations, and management practices. The mammary gland tissue changes with age, 

potentially affecting milk production capacity, while cumulative effects of multiple 

pregnancies and lactations may influence subsequent lactation performance. Age-related 

metabolic changes and differing nutritional requirements for higher parity animals may 

also impact overall productivity.  

Additionally, inherent genetic potential for milk production may be expressed 

differently across parities, and variations in care and management for animals of different 

ages may contribute to parity effects. Understanding these parity-related patterns is 

crucial for optimizing herd management and breeding strategies in Arbia goats. The 

typology of the studied animals using PCA based on test days lactation characteristics 

reveals three distinct profiles: moderate but stable milk production, high milk production 
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with shorter lactation duration and kidding intervals, and high milk production with 

extended lactation duration and longer kidding intervals. Recent research has 

demonstrated the potential benefits of extended lactation compared to standard lactation 

in dairy goat farming.  

The extended lactation could be a viable management strategy, offering 

comparable or slightly better milk production while simultaneously improving goat 

longevity and lifetime efficiency.(75) This approach shows promise for enhancing overall 

farm productivity without compromising milk yield, suggesting a potential shift in traditional 

dairy goat management practices.(75) The diversity of Arbia dairy goats generated using 

factorial analysis is mainly due to high variance in the overall level of milk production and 

the length of the DIM period, kidding interval, and milk quality. These parameters, along 

with the persistence coefficient, were identified as the main factors of genetic diversity 

among dairy goats in France.(25) Lactation persistency, which plays a key role in 

discriminating lactation curve types, highlights a certain variability. 

 

Conclusions 

Our research sheds light on lactation performance and milk production dynamics in Arbia 

goats, underscoring the breed's significance in local agriculture, biodiversity conservation, 

and genetic enhancement initiatives. The findings emphasize the Arbia breed's 

substantial potential to consistently yield milk of notably different quantitative and 

nutritional qualities, particularly according to animals living agroecological area and the 

lactation length period. Arbia dairy from arid regions exhibits prolonged lactation periods 

and extended inter-kidding intervals. In semi-arid areas, two distinct production profiles 
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emerge: moderate yet consistent milk production or high production levels with shorter 

lactation length and inter-kidding intervals. This diversity in milk production among Arbia 

goats prompts consideration of tailored strategies aimed at optimizing their performance, 

leveraging their unique ethnozootechnical characteristics and environmental adaptations. 

 
Data availability 

All relevant data are within the manuscript and its supporting information files. 

Acknowledgments 

The authors would like to thank the private farm owners for making the animals available 

for the study. 

Funding statement 

Not applicable. 

Conflicts of interest 

The authors have no conflict of interest to declare concerning this publication. 

Author contributions 

Conceptualization: DE Gherissi, SBS Gaouar. 

Data curation: DE Gherissi, M Chergui, S Koutti, H Boumaraf, M Chaabnia, K Douaissia. 

Formal analysis: M Titaouine, R Lamraoui. 

Investigation: DE Gherissi, M Chergui, S Koutti, H Boumaraf, M Chaabnia, K Douaissia. 

Methodology: DE Gherissi, SBS Gaouar. 

Project administration: DE Gherissi. 

Resources: M Chergui, S Koutti. 

Supervision: DE Gherissi. 



 

45 
 

Validation: SBS Gaouar, M Titaouine, R Lamraoui, D Monaco. 

Writing-original draft: DE Gherissi, M Chergui. 

Writing-review and editing: DE Gherissi, M Chergui, S Koutti, H Boumaraf, SBS Gaouar, 

M Titaouine, R Lamraoui, D Monaco.  

 

References 

1. Wright I. FAO Science and Innovation Forum: Sustainable livestock production as a 

solution for climate, health, nutrition and livelihoods. Framing role of livestock. A multi-

problem-solving solution. 13, October 2022. 

2. Food and Agriculture Organization of the United Nations. MJ Otte, P Chilonda 

(editors). Cattle and small ruminant production systems in sub-Saharan Africa: a 

systematic review (HTML). 2002. 

http://www.fao.org/docrep/005/Y4176E/Y4176E00.HTM 

3. Moula N, Philippe FX, Ait Kaki A, Leroy P, Antoine-Moussiaux N. Les ressources 

génétiques caprines en Algérie (PDF). Rapport national sur les ressources 

génétiques animales: Algérie. Argel, DZ: Commission Nationale AnGR; 2003. pp. 1–

20. 

4. Laouadi M, Tennah S, Kafidi N, Antoine-Moussiaux N, Moula N. A basic 

characterization of small-holders' goat production systems in Laghouat area, Algeria. 

Pastoralism. 2018;8:24:1–8. doi: 10.1186/s13570-018-0131-7. 

5. Fantazi K, Tolone M, Amato B, Sahraoui H, Vincenzo di Marco LP, la Giglia M, et al. 

Characterization of morphological traits in Algerian indigenous goats by multivariate 



 

46 
 

analysis. Genetics and Biodiversity Journal. 2017;1(2):20–30. 

doi: 10.46325/gabj.v1i2.93. 

6. Tefiel H, Nezih A, Chahbar M, Benyarou M, Fantazi K, Yilmaz O, et al. Genetic 

characterization of four Algerian goat breeds assessed by microsatellite markers. 

Small Ruminant Research. 2018;160:65–71. 

doi: 10.1016/j.smallrumres.2018.01.021. 

7. Djaout A, Belharfi FZ, Kourichi A, Larabi N, Benidir M, Gaouar SBS. Morphometric 

assessment and physico-chemical description of the milk of Arbia goat breed in 

province of Tlemcen. Genetics and Biodiversity Journal. 2022;6(2):127–141. 

8. Sahi S, Afri-Bouzebda F, Bouzebda Z, Djaout A. Body measurements study of goats in 

Northeastern Algeria (HTML). Livestock Research for Rural Development. 

2018;30(8). https://lrrd.cipav.org.co/lrrd30/8/sameh30140.html. 

9. Boumendjel M, Feknous N, Mekideche F, Dalichaouche N, Feknous I, Touafchia L, 

et al. Caractérisation du lait de chèvre produit dans la région du Nord-Est Algérien. 

Essai de fabrication du fromage frais. Algerian Journal of Natural Products. 

2017;5(2):492–506. doi: 10.5281/zenodo.1098265. 

10. Djebli N, Mustafa MR, Keskin M, Kolayli S. Anti-ulcerogenic and cytoprotective 

effects of Saharian (Sidr) honey from Algeria. Combinatorial Chemistry & High 

Throughput Screening. 2021;24(10):1664–1670. 

doi : 10.2174/1386207323999201117114008. 

11. Office National Interprofessionnel du Lait et des produits laitiers. Résumé de la 

stratégie ONIL pour le développement de la filière lait en Algérie. Alger, DZ: 2019. 



 

47 
 

https://onil.dz/resume-de-la-strategie-onil-pour-le-developpement-de-lafiliere-lait-

enalgerie/ 

12. Mouhous A, Kadi SA, Berchiche M, Djellal F, Huguenin J, Alary V. Performances de 

production et commercialisation de lait dans les exploitations caprines en zone 

montagneuse de Tizi-Ouzou. Options Méditerranéennes, A. 2016;115:469–473. 

13. Sahraoui H, Mamine F, Madani T. Chaînes de valeur caprines en Algérie. Propositions 

pour s'adapter aux mutations en vue d'un développement durable. In: R Ruiz, A 

López-Francos, López Marco L, editors. Innovation for sustainability in sheep and 

goats. Zaragoza: CIHEAM. 2019;123:287–291. 

14. Tefiel H, Lot S, Chahbar M, Kidoud B, Belantar I, Gaouar SBS. Phenotypic 

characterization, typology of sheep breeding in western Algeria, case of the wilayas 

of Tissemsilt and Tiaret. Genetics and Biodiversity Journal. 2023;7(2):120–129. 

doi: 10.46325/gabj.v7i2.361. 

15. Serrano M, Calvo JH, Martinez M, Marcos-Carcavilla A, Cuevas J, Gonzalez C, et al. 

Microsatellite-based genetic diversity and population structure of the endangered 

Spanish Guadarrama goat breed. BMC Genetics. 2009;10:6. doi: 10.1186/1471-

2156-10-61. 

16. Gherissi DE, Gaouar SBS. Dromedary milk quantitative and qualitative assessments: 

case study. Archivos de Zootecnia. 2022;71(274):120–122. 

doi: 10.21071/az.v71i274.5658. 

17. Elvira L, Hernandez F, Cuesta P, Cano S, Gonzalez-Martin JV, Astiz S. Accurate 

mathematical models to describe the lactation curve of Lacaune dairy sheep under 



 

48 
 

intensive management. Animal. 2013;7:1044–1052. 

doi: 10.1017/S175173111200239X. 

18. Chikha M, Khenenou T, Gherissi DE, Mayouf R, Rahmoun DE, Al-Gabri N. Lactation-

related changes of hematological parameters of female dromedary camels reared 

under semi-intensive farming system in Algerian extreme arid region. Journal of 

Camel Practice and Research. 2024 ;31(1):25–28. doi: 10.5958/2277-

8934.2024.00004.3. 

19. Chergui M, Gherissi DE, Titaouine M, Kaouadji Z, Harek D, Koutti S, et al. Lactation 

traits and reproductive performances of Sahraoui female camel in two breeding 

systems in Algerian Sahara. Tropical Animal Health and Production. 2024;56(70):1–

15. doi: 10.1007/s11250-024-03902-6. 

20. Madad M, Hossein-Zadeh NG, Shadparvar AA. Genetic and phenotypic parameters 

for productive traits in the first three lactations of Khuzestan buffaloes in Iran. Archives 

Animal Breeding. 2013;56(1):423–429. doi: 10.7482/0003-9438-56-041. 

21. Menéndez-Buxadera A, Molina A, Arrebola F, Gil MJ, Serradilla JM. Random 

regression analysis of milk yield and milk composition in the first and second lactations 

of Murciano-Granadina goats. Journal of Dairy Science. 2010;93(6):2718–2726. 

doi: 10.3168/jds.2009-2571. 

22. Mucha S, Mrode R, Coffey M, Conington J. Estimation of genetic parameters for milk 

yield across lactations in mixed-breed dairy goats. Journal of Dairy Science. 

2014;97(4):2455–2461. doi: 10.3168/jds.2013-7319. 

23. Brito LF, Silva FG, Oliveira HR, Souza NO, Caetano GC, Costa EV, et al. Modelling 

lactation curves of dairy goats by fitting random regression models using Legendre 



 

49 
 

polynomials or B-splines. Canadian Journal of Animal Science. 2017;98:73–83. 

doi: 10.1139/cjas-2017-0019. 

24. Carta AS, Casu M, Usai G, Salaris S. Heritability of persistency traits and their genetic 

correlations with milk yield and udder morphology in dairy sheep (PDF). Page 39th 

International Committee for Animal Recording Session, Berlin (Germany). 2014. 

https://www.icar.org/wp-content/uploads/2016/07/Berlin-2014-Carta-Casu-Usai-

Heritability-of-persistency-traits-and-their-genetic-correlations.pdf. 

25. Arnal M, Robert-Granié C, Larroque H. Diversity of dairy goat lactation curves in 

France. Journal of Dairy Science. 2018;101:11040–11051. doi: 10.3168/jds.2018-

14980. 

26. Norman HD, van Raden PM, Powell RL, Wright JR, ver Boort WR. Effectiveness of 

national and regional sire evaluations in predicting future-daughter milk yield. Journal 

of Dairy Science. 2005;88(2):812–826. doi: 10.3168/jds.S0022-0302(05)72746-6. 

27. Fleischmann W. Lehrbuch der Milchwirtschaft. 7th edition. P. Parey, Berlin, DE: 1932; 

pp. 84. 

28. Barillet F. Report of the International Committee for Animal Recording Group on Milk 

Recording of Dairy Sheep—International regulations for method A or B milk recording 

in dairy sheep. In: International Committee for Animal Recording Congress, Wien, 

Main Report 16–a. Hague, NL; 1992. 13 pp. 

29. INRA, 1978. Le contrôle laitier ovin officiel en France: modalités des contrôles et 

modalités de calcul des lactations. Paris, FR: ITOVIC-UNLG Editor. 16 pp. 

30. Getaneh M, Taye M, Shibabaw W, Kebede D. Reproductive performances of 

Ethiopian indigenous goat populations under different management conditions for 



 

50 
 

assisting selective breeding schemes. Journal of Applied Animal Research. 

2023;51(1):276–281. doi: 10.1080/09712119.2023.2191677. 

31. Ohiokpehai O. Processed food products and nutrient composition of goat milk. 

Pakistan Journal of Nutrition. 2003;2(1):68–71. doi: 10.3923/pjn.2003.68.71. 

 

32. Djouza L, Chehma A. Production characteristics of Arabia goats in Biskra wilayah, 

Algeria (HTML). Livestock Research for Rural Development. 2018;30(7). 

http://www.lrrd.org/lrrd30/7/loub30113.html. 

33. Kouri F, Charallah S, Kouri A, Amirat Z, Khammar F. Milk production and its 

relationship with milk composition, body and udder morphological traits in Bedouin 

goat reared under arid conditions. Acta Scientiarum, Animal Sciences. 2019;41:1–9. 

doi: 10.4025/actascianimsci.v41i1.42552. 

34. Ali AK, Mohammad WA, Grossman M, Shanks RD, Wiggans GR. Relationships 

among lactation and reproduction traits of dairy goats. Journal of Dairy Science. 

1983;66:1926–1936. 

35. Kerbaa A. Base de données sur les races caprines en Algérie. Base de données FAO.  

Rome, IT: FAO; 1995. pp.19–39. 

36. Malau-Aduli BS, Eduvie L, Lakpini C, Malau-Aduli EO. Chemical compositions, feed 

intakes, and digestibilities of crop residue-based rations in non-lactating Red Sokoto 

goats in the subhumid zone of Nigeria. Animal Science Journal. 2003;74(1):89–94. 

doi: 10.1046/j.1344-3941.2003.00091.x. 



 

51 
 

37. Alsheikh SM. Influence of age and live body weight on daily milk yield of Zaraibi and 

Shami goats in Sinai, Egypt. Annals of Agricultural Sciences. 2013;58(1):1–3. 

doi: 10.1016/j.aoas.2013.01.001. 

38. Hossaini-Hilali J, Mouslih Y. La chèvre Draa. Potentiel de production et 

caractéristiques d'adaptation aux contraintes de l'environnement aride. Animal 

Genetic Resources Information. 2022;32:49–56. doi: 10.1017/S1014233900001553. 

39. Food and Agriculture Organization of the United Nations. Base de données sur les 

ressources génétiques mondiales. Rome, IT; 2000. pp. 91–99. 

40. Delgado JV, Landi V, José Barba C, Fernández J, Gómez MM, Camacho ME, et al. 

Murciano-Granadina goat: a Spanish local breed ready for the challenges of the 

twenty-first century. Chapter 15. In: J Simões, C Gutiérrez, editors. Sustainable Goat 

Production in Adverse Environments: Volume II. Cham, CH: Springer Cham; 205–

219.  doi: 10.1007/978-3-319-71294-9_15. 

41. Fresno M, Capote J, Álvarez S, Castro M. In: Guía de Campo de las Razas Autóctonas 

Españolas. Madrid, SP: Ministerio de Medio Ambiente y Medio Rural y Marino; 2009. 

pp. 208–211. 

42. Castro N, Suarez-Trujillo A, Gonzalez-Cabrera M, Hernandez-Castellano LE, Argüello 

A. Goat lactation research as a gateway for the development of the dairy goat industry. 

Animal Frontiers. 2023;13(3):108–111. doi: 10.1093/af/vfad005. 

43. Devendra C, Haenlein GFW. Goat breeds. In: PLH McSweeney, JP McNamara, 

editors. Encyclopedia of Dairy Sciences. 3rd edition. San Diego, United States:  

Academic Press; 2016. pp. 77–97. doi: 10.1016/B978-0-08-100596-5.00622-3. 



 

52 
 

44. Dige MS, Rout PK, Bhusan S, Gowane GR. Devising a selection strategy for the 

Jamunapari goat for improving lactation performance. Tropical Animal Health and 

Production. 2022;54(6);408:1–7. doi: 10.1007/s11250-022-03410-5. 

45. Ishaku B, Ajanwachukwu NP, Joan MH, Otaka AF, Taidinda GT, Yohanna D, et al. 

Factors affecting milk yield and milk chemical compositions in Nigerian indigenous 

goat breeds. Dutse Journal of Pure and Applied Sciences. 2023;9(3b):63–72. 

doi: 10.4314/dujopas.v9i3b.8. 

46. Hellal F. Contribution à la connaissance des races caprines Algériennes. Étude de 

l'élevage caprin en système d'élevage extensif dans les différentes zones d'Algérie 

du Nord. Thèse Ing. INA. El-Harrach, Alger; 1986:78. 

47. Silva FG, Brito LF, Torres RA, Ribeiro Júnior JI, Oliveira HR, Caetano GC, et al. 

Factors that influence the test day milk yield and composition. Genetics and Molecular 

Research. 2013;12(2):1522–1532. doi: 10.4238/2013.13.5. 

48. Titaouine M, Gherissi DE, Chergui M, Mohamdi H. Influence of region on some 

reproductive parameters in Ouled Djellal sheep. Jurnal Ilmu Ternak dan Veteriner. 

2023;28(4):220–226. doi: 10.14334/jitv.v28i4.3211. 

49. Djouadi S, Ouabed A. Effet des réserves corporelles de chèvres Arbia sur leur 

production laitière et la croissance de leurs chevreaux en élevage extensif en Algérie. 

Livestock Research for Rural Development. 2019;31(11). 

50. Gaytan L, Mellado M, Veliz FG, de Santiago MA. Milk production, kidding interval, 

and kid growth of indigenous goats of southern Mexico. Ecosistemas y Recursos 

Agropecuarios. 2016;3(9):401–405. 



 

53 
 

https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-

90282016000300401. 

51. Zamuner F, DiGiacomo K, Cameron AWN, Leury BJ. Effects of month of kidding, parity 

number, and litter size on milk yield of commercial dairy goats in Australia. Journal of 

Dairy Science. 2020;103(1):954–964. doi: 10.3168/jds.2019-17051. 

52. Currò S, Manuelian CL, De Marchi M, De Palo P, Claps S, Maggiolino A, et al. 

Autochthonous dairy goat breeds showed better milk quality than Saanen under the 

same environmental conditions. Archives Animal Breeding. 2019;62:83–89. 

doi: 10.5194/aab-62-83-2019. 

53. Eulmi H, Deghnouche K, Gherissi DE. Dairy cattle breeding practices, production, 

and constraints in arid and semi-arid Algerian bioclimatic environments. International 

Journal of Environmental Studies. 2023;81(3):1238–1255. 

doi: 10.1080/00207233.2023.2228616. 

54. Haou A, Miroud K, Gherissi DE. Impact of herd characteristics and breeding practices 

on the reproductive performance of dairy cows in Northeastern Algeria. Revue 

d’Élevage et de Médecine Vétérinaire des Pays Tropicaux. 2021;74(4):183–191. 

doi: 10.19182/remvt.36798. 

55. Titaouine M, Gherissi DE, Mammeri A, Meziane B, Chergui M, Mohamdi M, et al. 

Plasmatic ionogram profile of Ouled Djellal ewes according to water and straw salinity 

at Batna highlands, Algeria. Journal of Animal and Plant Sciences. 2023;33(6):1–12. 

doi: 10.36899/JAPS.2023.6.0684. 

56. Serradilla JM. Use of high-yielding goat breeds for milk production. Livestock 

Production Science. 2001;71(1):59–73. doi: 10.1016/S0301-6226(01)00241-X. 



 

54 
 

57. Haldar V, Pal SK, Chakraborty S, Hazorika M, Pan S, Majumdar D, et al. Endocrine 

markers for identifying prolificacy potential and predicting fetal number in goats. 

Animal Reproduction Science. 2013;140(1–2):54 61. 

doi: 10.1016/j.anireprosci.2013.05.005. 

58. Goetsch AL, Zeng SS, Gipson TA. Factors affecting goat milk production and quality. 

Small Ruminant Research. 2011;101(1–3):55–63. 

doi: 10.1016/j.smallrumres.2011.09.025. 

59. Erduran H, Dag B. Determination of factors affecting milk yield, composition, and 

udder morphometry of Hair and cross-bred dairy goats in a semi-intensive system. 

Journal of Dairy Research. 2021;88(3):265–269. doi: 10.1017/S0022029921000637. 

60. Koop G, van Werven T, Schuiling HJ, Nielen M. The effect of subclinical mastitis on 

milk yield in dairy goats. Journal of Dairy Science. 2010;93(12):5809–5817. 

doi: 10.3168/jds.2010-3544. 

61. Menzies P. Udder health for dairy goats. Veterinary Clinics of North America: Food 

Animal Practice. 2021;37(1):149–174. doi: 10.1016/j.cvfa.2020.12.002. 

62. De Cremoux R, Legris M, Clément V, Bailly-Salins A, Minier M. Study of the 

relationship between the presence of milky cysts, udder imbalances, udder 

morphological traits, and somatic cell counts. Small Ruminant Research. 

2024;231:107203. doi: 10.1016/j.smallrumres.2024.107203. 

63. Morand-Fehr P, Fedele V, Decandia M, Le Frileux Y. Influence of farming and feeding 

systems on composition and quality of goat and sheep milk. Small Ruminant 

Research. 2007;68(1):20–34. doi: 10.1016/j.smallrumres.2006.09.019. 



 

55 
 

64. Lehloenya KC, Greyling JPC, Schwalbach LMJ. Reproductive performance of South 

African indigenous goats following oestrus synchronisation and AI. Small Ruminant 

Research. 2005;57:115–120. doi: 10.1016/j.smallrumres.2004.05.004. 

65. Gatew H. On-farm phenotypic characterization and performance evaluation of Bati, 

Borena, and short-eared Somali goat population of Ethiopia(MSc. thesis). Ethiopia: 

Haramaya University; 2014. 

66. Jembere T, Haile A, Dessie T, Kebede K, Mwai OA, Barbara R. Productivity 

benchmarks for community-based genetic improvement of Abergelle, Central 

Highland, and Woyto-Guji indigenous goat breeds in Ethiopia. Livestock Research for 

Rural Development. 2019;31. http://www.lrrd.org/lrrd31/3/jemb31052.html 

67. Zewdie B, Urge M, Tadesse Y, Chavhan A, Gizaw S. Productive and reproductive 

performances of Arab goats in the western lowlands of Ethiopia. International Journal 

of Life Sciences. 2022;10:21–32. https://ijlsci.in/ls/index.php/home/article/view/547 

68. Chilliard Y, Ferlay A, Rouel J, Lamberet G. A review of nutritional and physiological 

factors affecting goat milk lipid synthesis and lipolysis. Journal of Dairy Science. 

2003;86:1751–1770. doi: 10.3168/jds.S0022-0302(03)73761-8. 

69. Flores-Najera MJ, Cuevas-Reyes V, Vázquez-García JM, Beltrán-López S, Meza-

Herrera CA, Mellado M, et al. Milk yield and composition of mixed-breed goats on 

rangeland during the dry season and the effect on the growth of their progeny. Biology. 

2021;10(3):220. doi: 10.3390/biology10030220. 

70. Benaissa A, Mimouni Y, Babelhadj B. Comparative study of some physicochemical 

criteria of the milk of goats raised in the Touggourt region, Algeria. Journal of Food 

and Nutrition Research. 2023;11(2):144–149. https://pubs.sciepub.com/jfnr/11/2/5 



 

56 
 

71. Amroun TT, Taleb-Ait Menguellet K, Assmani KL. Influence de la saison sur la qualité 

du lait de chèvres kabyles en montagne en Algérie. Livestock Research for Rural 

Development. 2023;35(4). http://www.lrrd.org/lrrd35/4/3530thil.html 

72. Flores-Najera MJ, Vélez-Monroy LI, Sánchez-Duarte JI, Cuevas-Reyes V, Mellado M, 

Rosales-Nieto CA. Milk yield and composition, and body weight of offspring of mixed-

breed goats on semiarid rangelands with different rainfall. Tropical Animal Health and 

Production. 2020;52:3799–3808. doi: 10.1007/s11250-020-02418-z. 

73. Ciappesoni G, Přibyl J, Milerski M, Mareš V. Factors affecting goat milk yield and its 

composition. Czech Journal of Animal Science. 2004;49(11):465–473. 

doi: 10.17221/4333-CJAS. 

74. Margetín M. Systém zvyšovania efektívnosti chovu kôz využitím racionálnych metód 

selekcie a plemenitby. Výskumný ústav živočíšnej výroby (Abstract). 1999;16:1–16.  

75. Boshoff M, Lopez-Villalobos N, Andrews C, Turner S-A. Modeling lactation curves of 

New Zealand dairy goats for standard and extended lactations. Journal of Dairy 

Science. 2024;107(3):1500–1509. doi: 10.3168/jds.2023-23926. 


