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Abstract 
 

This study evaluated the effects of genotype (G), parity (P), lactation stage (LS), and location (L) on milk yield and 

composition of Holstein Friesian (HF) crossbred dairy cows in the Shashemene–Dilla milkshed. A total of 117 

lactating cows (39 per location: Shashemene, Hawassa, and Dilla) were included, comprising three genotype groups 

(50%, 75%, and 87.5% HF; 13 cows per genotype per location). Milk yield traits assessed were peak yield (PY), total 

yield (TY), lactation length (LL), peak day (PD), and average daily milk yield (ADMY). Milk composition traits; fat, 

protein, lactose, milk density (MD), salt, pH, freezing point (Fpt.), and total solids (TS) were determined using a 

Milkoscan FT2. Data were analyzed using a linear mixed-effects model in R (version 4.3.3). GraphPad Prism (10.4.0) 

was used to visualize milk production, while Origin software illustrated changes in ADMY across lactation stages by 

genotype. Results showed that 87.5% HF crosses outperformed 75% and 50% HF cows in ADMY, TY, PY, LL, and 

PD. In contrast, 50% HF cows exhibited higher MD, TS, protein, Fpt., and salt content, whereas 75% HF cows had 

the highest fat percentage. Location significantly affected MD, Fpt., and salt (P < 0.05), with significant genotype × 

location interactions observed for MD, TS, protein, and solids-not-fat. Lactation stage significantly influenced fat, 

MD, TS, protein, and salt (P < 0.001), while parity affected all yield traits except PD. ADMY was negatively correlated 

with fat (r = -0.22) and TS (r = -0.22). Protein showed strong positive correlations with density (r = 0.86) and lactose 

(r = 0.63), while solids-not-fat was strongly associated with density (r = 0.76). Overall, higher HF inheritance 

improved milk yield, although production was strongly influenced by location. Strategic selection based on 

performance records and improved management practices is recommended to enhance productivity under smallholder 

systems. 
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INTRODUCTION 
Ethiopia is expecting a doubling of the number of 

middle-class consumers by the year 2030, with fast 

growth in terms of population (now exceeding 100 

million), which will lead to higher demand for 

livestock products, including milk (Ndambi et al., 

2017). In response to this growing demand, the 

Ethiopian government has set an ambitious goal of 

quadrupling national milk production by 2031 

through targeted interventions aimed at improving 

the productivity of dairy cattle, camels, and goats 

(Leggesse et al., 2023). 

Ethiopian cattle populations, known for their 

considerable genetic diversity and varying degrees 

of admixture, represent a valuable genetic resource 

for the development of context-specific dairy 

genotypes. This diversity holds promise for genetic 
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improvement programs tailored to the country’s 

wide range of agroecological zones (Goshme and 

Dadi, 2024). To capitalize on this potential, various 

breed improvement initiatives have been 

implemented, including the distribution of 

crossbred heifers, the provision of improved dairy 

stocks, and the expansion of artificial insemination 

(AI) and bull services (Kumar et al., 2014). In urban 

and peri-urban areas, dairy farmers typically raise 

Holstein–Zebu and Jersey–Zebu crossbred cows 

under zero- or semi-zero-grazing systems with 

minimal access to pasture (Deneke et al., 2022). 

Genetic improvement efforts have led to the 

development of crossbred cattle, which are 

generally more productive than indigenous breeds 

(Gizaw et al., 2017). However, the success of these 

programs relies heavily on continuous performance 

monitoring under prevailing farm management 

conditions (Guadu and Demissie, 2016). Several 

studies have assessed the productive performance 

of crossbred and indigenous cattle, often focusing 

on exotic blood levels within research stations or 

government-owned farms, as well as selected urban 

and peri-urban dairies (Gizaw et al., 2017). 

Nonetheless, Ethiopia's dairy supply chain remains 

underdeveloped in terms of quality assurance, 

safety protocols, and organizational structure, with 

limited routine evaluations of herd performance and 

farm capacity (Feyisa et al., 2024). 

Urban dairy systems in cities such as Hawassa, 

Shashemene, and Dilla play a critical role in 

bridging the national demand-supply gap. These 

systems maintain both improved (crossbred or 

high-grade) and indigenous cattle genotypes, 

contributing substantially to household income up 

to 43.6–79.7% of the gross annual income in the 

Shashemene–Dilla milkshed (Tegegne et al., 2013; 

Mengistie, 2016). Although several studies have 

examined the use of Holstein Friesian, crossbred 

dairy cows in Ethiopia, regarding region-specific 

insights into how blood level, environmental 

conditions, and cow-side factors affect milk 

production for On-farm periodical evaluation 

remains limited (Getahun et al., 2020; Beneberu 

and Alem, 2025). 

Therefore, this study aims to address this gap by 

conducting a year-long, on-farm evaluation of the 

productive performance of crossbred dairy cows 

kept in farms across the Shashemene–Dilla 

milkshed. The study focuses on identifying both 

genetic and non-genetic factors influencing milk 

yield and assessing the physico-chemical properties 

of raw milk under real farm conditions. 

 

MATERIALS AND METHODS 
Study Area Description and Source of Sample 

Data for this study were collected from 3 study 

locations (Shashemene, Hawassa, and Dilla) found 

in the Shashemene-Dilla milkshed, Ethiopia. The 

geographical location ranges from 6°24′30″N to 7o 

12’ N latitude and 38°28″E to 38o 36’ E longitude 

(Figure 1). All selected sites are in the East African 

Great Rift Valley.  According to Yigrem et al. 

(2008), two major dairy production systems were 

distinguished in the study milkshed: the mixed 

crop-livestock system characteristic of rural and 

peri-urban environments and the urban dairy 

system situated within urban centers. Study areas 

were selected based on the availability of Holstein 

Friesian crosses lactating dairy cows with the 

desired genotype (50%HF, 75%HF, 87.5% HF). 
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Figure 1. Map illustrating the three-milkshed locations where the study has been conducted 

Agro-ecological conditions of milkshed locations: Kolla = lowland, Woynadega =Middle altitude; Dega = 

Temperate; Wurch = Frost 

Sampling and Source of Milk Samples  

Three study locations, namely Shashemene, 

Hawassa, and Dilla (SHA, HAW, and DIL), and 

nine farms, of which three from each location, were 

purposively selected based on the availability of the 

Ethiopian Zebu x HF crossbred dairy cattle 

(50%HF, 75%HF, and 87.5%HF) in the respective 

farms. The recorded data sheet from selected farms 

was used to determine the desired genotype, level 

of parity, and lactation stage. A total of 117 HF 

crosses (39 from each location) were used for on-

farm evaluation of genetic and non-genetic factors 

affecting milk yield and composition traits. For 

each genotype (50%HF, 75%HF, and 87.5%HF), 

13 Animals were selected from each location. 

Again, individual lactating cows were purposively 

selected at their 1-month postpartum (early 

lactation) and were grouped into three parities: 

primiparous (P), multiparous in the second (M2), 

and in the third (M3). Raw milk samples for milk 

constituents’ determination were collected 

periodically from a total of 117 cows (13 cows from 

9 farms) in the study locations during their early, 

mid, and late lactation stages.  

All genotype groups within each participating farm 

were maintained under similar management 

practices, including feeding, housing, and milking 

routines. Management differences were applied 

only according to physiological needs such as 

lactation stage, pregnancy, or age class rather than 

genotype category. 

 

Milk Yield Characteristics Data Collection  

Milk yield data, of 117 lactating cows (grouped 

under primiparous and multiparous in the second 

and third lactation) were collected from the dairy 

producers’ milk record cards for the whole lactation 

period once in a week manner. The milk yield of 

these dairy cows was monitored for the whole 

lactation period starting at the first week of 

December 2022-2023.  
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Raw Milk Composition Determination 

The Raw milk sample for composition and quality 

analysis was aseptically collected from each cow 

during the three lactation stages and immediately 

taken to the HU (Hawassa University) dairy 

technology laboratory. The raw milk collection was 

done after discarding the first three to five milk 

strands, and about 40ml of morning or evening milk 

was aseptically stored in sterile sample bottles. The 

milk composition traits (fat, total protein, lactose, 

milk density, salt, pH, freezing point, and total 

solids) of the raw milk samples were determined 

using a Milkoscan FT2 (Foss Electric at HU dairy 

technology laboratory) apparatus. The 

measurement was done following the 

manufacturer’s protocol for the consecutive three 

lactation stages (Souhassou et al., 2018). 

 

Data Management and Analysis 

Data were processed using a linear mixed-effect 

model in R 4.3.3 by taking genotype (50%HF, 

75%HF, and 87.5%HF), parity (primiparous, 

second, and third parity), lactation stage (early, 

mid, and late), and location (Shashemene, Hawassa, 

and Dilla) as fixed effects and the cows’ ID as 

random effect. Means between fixed effects were 

separated using Tukey's range test. The effect of 

class variables was expressed as Least Squares 

Means (LSM). The milk production trends and 

illustrating the pattern of changes across lactation 

stage varying by genotype on the other hand were 

visualized with GraphPad Prism 10.4.0 and Origin 

software, respectively. SAS 9.4 was used for milk 

production traits correlation analysis. 

A linear mixed-effects model was fitted including 

two interaction terms to investigate whether the 

effect of Genotype differs across Location, and 

the effect of the lactation stages parity across 

the lactation stages.  The model was specified 

as: 

Yijklm=μ + Li + Gj + (L × G)ij + Pk + LS + (P × 

LS)kl + um +εijklm  

Where: 

• Yijklm is the response variable (fat 

percentage, Milk density, lactose 

percentage, total solid percentage, protein 

percentage, freezing point (o C), salt 

percentage, solid not fat percentage, 

Average daily milk yield (litters/day)), 

total yield, lactation length, peak yield, 

peak day. 

• μ is the overall intercept, 

• Li is the fixed effect of the ith location, 

•  Gj is the fixed effect of the jth genotype 

category, 

• (L×G)ij is the fixed interaction effect 

between location and genotype, 

• Pk  is the fixed effect of parity category, 

• LSl is the fixed effect of lactation stage, 

• ( P × L)kl is the fixed interaction effect 

between Parity and, Lactation Stage 

• um  is the random intercept for cow 

identity m, (um ∼N(0,σ2
u) accounting 

for correlation among repeated 

measurements from the same animal  

• εijklm is the residual error (εijklm

∼N(0,σ2)). 
 

RESULTS  
The range of the coefficient of variation for milk 

production traits was from 1.42% to 68.30%. The 

most variable trait was total yield (TY), while pH 

was the least variable. The mean values for the milk 

composition traits were milk fat (F) 4.17, 

density(D) 30.98, lactose(L) 4.64, total solid (TS) 

10.73, protein(P) 3.27, freezing point (Fpt.) 0.54, 

salt (S) 0.70, pH 6.58, and solid not fat (SNF) 6.56. 

Whereas average daily milk yield (ADMY) 6.21, 

total yield (TY) 1448.73liters, lactation length (LL) 

246.95 days, peak yield (PY) 11.01liters, and peak 

day (PD) 87.03 days were the mean values for milk 

yield characteristics.  

 

Effect of Genotype, Parity, Location, and 

Lactation Stage on Milk Yield Characteristics 

The crossbred dairy cows with 87.5% HF genotype 

had the highest average daily milk yield (9.97 

liters/day/cow), Total Yield 2571 liters, and Peak 

Yield (PY) =16.64 liters/day/cow with longer 

Lactation Length (LL)=292days and Peak 

Day=93.63thday (Table 1). The 50% HF cows, on 

the other hand, were inferior for LL but had 

comparable TY and PY with 75% HF crosses and 

PD with 87.5% HF crosses.  
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The HF crossbred cows at the second(M2) and third 

(M3) parity had higher TY and PY, yet the longest 

lactation length was recorded for cows at the second 

parity as compared to the primiparous and the third 

parity cows. TY and LL, on the other hand, were 

affected significantly (P<0.05) by location, while 

PY and PD were the ones not affected by location. 

The HF crosses at Hawassa, Shashemene, and Dilla 

had higher, intermediate, and lower recorded TY, 

respectively (Table 1).  

 

Table 1. Milk Yield Characteristics (LSM ± SE) as Affected by Genotype, Parity, and Location 

Variables  TY LL PY PD 

Genotype (G)     

HF50% 821.58± 3.38b 207.86±3.20c 7.81±0.29b 87.16±3.57ab 

HF75% 951.61±39.85b 236.88±3.61 b 8.47±0.25b 80.70±3.41b 

HF87.5% 2571.99±155.60a 292.35±6.75a 16.64±0.64a 93.63±3.34a 

Parity (P)     

P 1034.35±74.29b 225.59±4.42c 8.59±0.44b 82.82±3.24b 

M2 1540.24±159.04a 253.91±8.45a 11.87±0.82a 85.32±3.86ab 

M3 1770.59±193.52a 257.60± 7.89b 12.47±0.86a 93.35±3.21a 

Location (L)     

SHA 1440.96±146.35ab 254.68±7.81a 10.84±0.83ab 86.66±3.77 

HAW 1565.68±128.28a 239.74±8.12b 11.41±0.87a 88.95±3.16 

DIL 1338.54±128.29b 242.67± 6.56b 10.67±0.67b 85.87±3.62 

Source of 

variation 

    

G <0.00 <0.00 <0.00 0.04 

P <0.00 <0.00 <0.00 0.10 

L 0.00 0.01 0.03 0.77 
abc means with different superscripts are significantly different (*P<0.05); **P<0.01; ***P<0.001) 

Abbreviation: TY = total yield; LL= lactation length; PY= peak yield, PD = peak day 

 

The interaction effect of genotype and lactation 

stage on the average daily milk yield of the HF 

crosses in the studied milkshed is presented in 

Figure 2. The 87.5% HF cows exhibited superiority 

over the remaining two genotypes (50% and 75%) 

regarding average daily milk yield throughout the 

three lactation stages. The average daily milk yield 

of the 87.5%, 75%, and 50% HF genotype cows in 

the current study was 5.54, 6.95, and 12.2 liters for 

early lactation, 4.86, 4.97, and 11.8 for mid-

lactation, and 1.91, 2.28, and 5.87 liters for late 

lactation, respectively (Figure 2).   
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Figure 2.  Effect of genotype and lactation stage on average daily milk yield of HF crosses 

 

Milk Yield Patterns by Genotype, Location, and 

Parity 

Graphs plotted using mean and standard error of 

average daily milk yield for the three genotypes, 

locations, and parity represented as a milk 

production graph in figures 3, 4, and 5. As 

presented in Figures 3, 4, and 5 genotype, location, 

and parity affected the average daily milk yield of 

HF crosses at the early, peak, mid, and late 

lactation. Average daily milk yield, milk yield peak, 

and lactation length were higher for HF 87.5% and 

lowest for HF 50% ( 

Figure 3). Holstein Friesian crosses at Hawassa had 

a higher peak and average daily milk yield than 

crossbreds at Shashemene and Dilla ( 

Figure 4).  

 

 
Figure 3. The mean and standard error for the average daily milk yield of three different genotypes 

of HF crosses 

Abbreviation: ADMYHF50% = average daily milk yield of 50% Holstein Friesian crosses; ADMYHF75% 

= average daily milk yield of 75% Holstein Friesian crosses; ADMYHF75% = average daily milk yield of 

87.5% Holstein Friesian crosses;
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Figure 4. Mean and standard error for average daily milk yield of HF crosses at the three different 

location throughout lactation 

Abbreviation: SHA = Shashemene; HAW = Hawassa; DIL= Dilla 
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Figure 5. Mean and standard error for average daily milk yield of HF crosses grouped in three 

different numbers of parity throughout lactation 

Abbreviation:  ADMYP = average daily milk yield of the primiparous cows; ADMYM2 = average daily 

milk yield of multiparous cows in the second parity; ADMYM3 = average daily milk yield of multiparous 

cows in the third parity 

 

The effect of Genotype and Location on milk 

composition traits  

Genotype (genotype) affected almost all milk 

composition traits except L (Table 2). Crossbreds 

with 50% HF genotype have shown superiority 

over the other two genotypes for MD (32.16), TS 

(11.04), P (3.35), Fpt. (0.55), S (0.71), and SNF 

(6.84). 
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The 75% HF crosses also showed superiority for fat content (4.35) over 

the other genotypes and intermediate for milk pH value (6.58). The milk 

quality trait recorded higher for 87.5% HF crosses was milk pH value 

(6.60), and MY (Average daily milk yield) was also high for this 

genotype. Among the tested milk composition traits, L was not affected 

by genotype. 

From the tested milk quality traits, Milk-density (MD), Freezing Point 

(Fpt.), and Salt (S) were affected significantly (P<0.05) by the studied 

locations. The interaction effect of genotype and location was also 

significant for MD, TS, P, T, and SNF. 

 

Table 2. Least squares mean of milk composition traits and average daily milk yield as affected by location and genotype 

Variables  F MD L TS P Fpt. S pH SNF ADMY 

Location (L)           

Shashemene 4.11 31.6a 4.68 10.8 3.32 0.55a 0.70ab 6.58 6.69 5.98 

Hawassa 4.30 31.3ab 4.64 10.8 3.27 0.55ab 0.70a 6.58 6.48 6.71  

Dilla 4.10 30.1b 4.60 10.6 3.23 0.53b 0.68b 6.60 6.50 5.94  

Genotype (G)           

HF 50% 4.20ab 32.2a 4.69  11.0a 3.35a 0.55a 0.71a 6.57b 6.84a 4.10b 

HF 75% 4.35a 30.1b 4.59  10.6b 3.19b 0.53b 0.69b 6.58ab 6.20b 4.56b 

HF 87.5% 3.96b 30.7b 4.64  10.6b 3.29 ab 0.54ab 0.68b 6.60a 6.63a 9.97a 

Sources of variation           

L 0.20 0.01 0.28 0.37 0.11 0.02 0.03 0.11 0.31 0.10 

G 0.01 0.00 0.14 0.00 0.00 0.03 0.00 0.03 <0.00 <0.00 

L x G 0.67 0.00 0.15 0.05 0.00 0.19 0.60 0.20 0.00 0.12 
a b c means that with different superscripts are significantly different (*P<0.05); (**P<0.01): (***P<0.001) 

Abbreviation: F = fat percentage; MD = Milk density; L = lactose percentage; TS = total solid percentage; P = protein percentage; FP = freezing 

point (o C); S = salt percentage; SNF = solid not fat percentage; ADMY = Average daily milk yield (litters/day); HF =Holstein Friesian. 

 

The Effect of Lactation Stage and Parity on Milk Composition 

Traits  

The lactation stage was significantly (P<0.001) affecting F, MD, TMS, 

P, and S of the HF crossbred dairy cows in the studied milk shed (Table 

4). Higher F (4.60), MD (31.49), TMS (11.20), and P (3.34) content were 

recorded at the early and late lactation stages (Table 3). Milk was 

recorded as higher at early and mid-lactation compared to the late stage 

of lactation. The milk samples from mid and late lactation had low and 

intermediate salt content, respectively. The freezing point was high for 

early, intermediate for mid, and low for late lactation stage, respectively. 

The interaction effect of lactation stage and parity was also exhibited 

only on the protein content of the sampled milk.  
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Table 3. Least squares means of milk production traits as affected by lactation stage and parity 

Variables  F MD L TS P Fpt. S pH SNF ADMY 

Lactation 

Stage(LS) 

          

Early 4.60a 31.5a 4.63 11.2a 3.34a 0.55 0.71a 6.58 6.59 8.10a 

Mid 3.20b 29.5b 4.59 9.65b 3.09b 0.54 0.69b 6.58 6.45 7.18a 

Late 4.71a 32.0a 4.69 11.4a 3.39a 0.55 0.69ab 6.60 6.64 3.35b 

Parity (P)           

Pr. 4.09 31.5 4.66 10.8 3.32a 0.54ab 0.70 6.59 6.69 4.58b 

M2 4.28 31.0 4.68 10.8 3.30ab 0.55a 0.70 6.59 6.53 7.21a 

M3 4.14 30.5 4.58 10.6 3.21b 0.53b 0.69 6.57 6.46 6.84a 

Sources of variation              

LS <0.00 <0.00 0.10 <0.00 <0.00 0.19 0.03 0.13 0.46 <0.00 

P 0.13 0.22 0.12 0.17 0.02 0.02 0.81 0.09 0.33 <0.00 

LS x P 0.97 0.98 1.00 0.98 0.98 0.89 0.98 0.73 0.99 0.44 
a b c means that with different superscripts within a column are significantly different (*P<0.05); (**P<0.01); (***P<0.001) 

Abbreviation: F = fat percentage; MD = Milk density; L = lactose percentage; TS = total solid percentage; P = protein percentage; FP = freezing 

point (o C); S = salt percentage; SNF = solid not fat percentage; ADMY = Average daily milk yield (litters/day); Pr. = Primiparous; M2 = 

Multiparous in the second lactation; M3 = multiparous in the third lactation. 
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Correlation between Milk Production Traits  

Figure 6 presents the Pearson correlation 

coefficients among average daily milk yield 

(ADMY) and key milk composition traits, 

including fat percentage (F), protein percentage (P), 

lactose percentage (L), total solids percentage (TS), 

solids-not-fat percentage (SNF), density (D), 

freezing point (Fpt.), salt content (S), and pH 

(Figure 6). Statistical significance is indicated by 

p < 0.05 (), p < 0.01 (), and p < 0.001 (), while NS 

denotes non-significance. 

A notable negative association was observed 

between ADMY and most compositional 

parameters, particularly F (r = -0.22, p < 0.001), TS 

(r = -0.22, p < 0.001), and D (r = –0.13, p < 0.05). 

Fat percentage exhibited a positive correlation with 

TS (r = 0.43, p < 0.001) and a significant negative 

correlation with SNF (r = –0.42, p < 0.001). 

Protein content was highly correlated with L (r = 

0.63, p < 0.001), D (r = 0.86, p < 0.001), Fpt. (r = 

0.45, p < 0.001), and S (r = 0.48, p < 0.001). Lactose 

content demonstrated strong positive associations 

with TS (r = 0.52, p < 0.001), SNF (r = 0.47, p < 

0.001), and D (r = 0.62, p < 0.001). TS, SNF, and 

D were closely interrelated, with the strongest 

correlation observed between SNF and D (r = 0.76, 

p < 0.001). 

Freezing point showed moderate positive 

associations with P (r = 0.45, p < 0.001), L (r = 

0.56, p < 0.001), and S (r = 0.45, p < 0.001), while 

being negatively associated with pH (r = -0.18, p < 

0.01). Salt content was moderately correlated with 

P, L, and SNF, and exhibited a significant positive 

correlation with pH (r = 0.29, p < 0.001). In 

contrast, pH generally showed weak relationships 

with other compositional parameters (Figure 6). 
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Figure 6.  Pearson’s correlation coefficient (r) for milk yield traits of Holstein Friesian crosses. The 

color intensity represents the strength of the correlations, with darker shades indicating a stronger 

association between traits and lighter shades a weaker association. Each square displays both the 

correlation coefficient (r) and the corresponding p-value, indicating the statistical significance of the 

association. 

DISCUSSION 
Milk production and composition traits showed 

considerable variation, with coefficients of variation 

(CV) ranging from 1.47% (pH) to 68.30% (total 

yield). The reported CVs across the pooled 

population, reflecting both within and between 

population differences suggest that these traits are 

suitable for genetic improvement through selection, 

aligning with the earlier findings of Alphonsus et al. 

(2015). The ADMY of the sampled population 

observed in this study was higher than values reported 

by Demeke (2020) and Taju, (2018), who found 4.62 

± 0.35 L and 4.73 L/day for crossbred dairy cattle in 

different regions of Ethiopia. Conversely, it was 

lower than the results reported by Tegegne et al. 

(2013) and Getahun et al. (2020). Similarly, TY and 

LL in the current study were lower than the values 

reported by Getahun et al. (2020b). Kumar et al. 

(2014) reported a higher PY (12.15 ± 0.82 L) and 

mean lactation milk yield (2069.16 ± 78.44 L) for 

crossbred cows, while Bisrat and Nigussie, (2016) 

observed lower TY but longer LL compared to the 

present study. These variations between the current 

study and results reported by different researchers 

may be attributed to differences in management, 

nutrition, parity, age, lactation stage, and season 

(Zhang et al., 2024). The current study also 

demonstrated superior values compared to Bekele et 

al. (2023) and Yoseph et al. (2022) for fat (4.17%), 

density (30.98 kg/m³), lactose (4.64%), freezing point 

(-0.54°C), and salt (0.70%). The mean milk fat and 

protein contents exceeded the Ethiopian Standards 

(ES) of 3.50% and 3.20%, respectively (Table 1).  

 

Effect of Genotype, Parity, Location, and 

Lactation Stage on Milk Yield Characteristics 

Among the genotypes, cows with 87.5% Holstein-

Friesian (HF) genotype produced the highest TY but 

had the shortest LL compared to Hago, (2020). Their 

PY was also higher than that reported by 

Gebreyohannes et al. (2013). The 50% HF crosses, 

although inferior in LL, had TY and PY comparable 

to 75% HF crosses, and PD to 87.5% HF crosses 

(Table 2). Beneberu, (2023) reported on-station 

lactation yields ranging from 1293.01 ± 23.70 L to 

2957.46 ± 72.98 L, and LL ranging from 298.68 ± 

5.17 to 374.05 ± 7.24 days, whereas on-farm yields 

ranged from 631.69 ± 222.98 L to 2705.43 L, and LL 

from 241.65 ± 26.22 to 310.91 ± 41.83 days. The TY 

and LL of the genotypes in the present study were 
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lower than most on-station reports but comparable 

with some on-farm values. 

The LL in this study was inconsistent with the 

standard 305-day lactation except for 87.5%HF 

inheritance, though extended lactations have been 

reported elsewhere (Beneberu, 2023). While 

extended LL may benefit cow health and fertility, low 

milk yield during this period raises concerns over 

excessive fattening. This highlights the need for 

individualized strategies for extended lactation 

management (Van et al., 2022). 

Parity significantly affected all milk yield traits, 

whereas location did not influence ADMY, PY, or 

PD. Yield generally increased with parity, consistent 

with Gebreyohannes et al. (2013), Worku et al. 

(2016), and Getahun et al. (2020b). TY was 

comparable between Shashemene and Hawassa, 

though LL was longer in Shashemene than in 

Hawassa and Dilla, likely due to environmental 

differences. Bedada et al, (2021) observed similar 

trends.  

 

Milk Production Patterns by Genotype, Location, 

and Parity 

Higher exotic genotypes were associated with greater 

ADMY across all lactation stages (Figure 2), 

consistent with Silva et al. (2019). Parity also 

influenced ADMY: primiparous cows had the lowest 

yields throughout lactation, likely because nutrients 

were still being partitioned toward growth (Marumo 

et al., 2022). Evangelista et al. (2024) and Nalla et al. 

(2022) likewise reported lower PY in primiparous 

cows. Location-wise, Hawassa herds showed higher 

PY and ADMY than those in Shashemene and Dilla, 

echoing findings from Oloo et al. (2022) on the 

influence of agroecological variation. Since the 

farms in the current study exist under the urban 

production, differences in producer practices, 

such as feed quality, milking routines, and 

veterinary care, may have contributed 

significantly to the observed performance 

variation. 
 

Effect of Genotype and Location on Milk 

Composition Traits 

Genotype significantly influenced most milk 

composition traits (p < 0.05), except lactose (L) and 

temperature (T), in agreement with Kebede et al. 

(2018), who also found lactose to be unaffected by 

genotype. Milk constituent percentages generally 

declined with increasing exotic genotype. The 50% 

HF crosses were superior for most traits—milk 

density (32.16), total solids (11.04%), protein 

(3.35%), freezing point (0.55°C), salt (0.71%), and 

solids-not-fat (6.84%) aligning with Cheruiyot et al., 

(2018) and Bekele et al. (2023). 

Fat percentage was highest in 75% HF crosses 

(4.35%), contrasting with Chanda et al., (2022), who 

found them inferior to 50% HF. The 87.5% HF 

crosses had the highest yields but the lowest 

composition values. Higher milk pH in high-yielding 

cows may be linked to increased rumen pH from 

greater rumination (Souza et al., 2022). The inverse 

relationship between yield and constituent 

concentration has been well documented (Craig et al., 

2022; Brito et al., 2021), reflecting selection 

emphasis on yield at the expense of fertility and 

health (Oltenacu et al., 2023). 

Location significantly affected milk density, freezing 

point, and salt (p < 0.05) but not fat, lactose, total 

solids, protein, pH, or solids-not-fat. Dilla, the 

warmest site, had the lowest milk density, salt, and 

freezing point. Most major milk constituents showed 

little variation across locations, likely because the 

sites share similar agroecological zones. Nonetheless, 

performance advantages in optimal temperature–

humidity conditions have been noted (Bernabucci et 

al., 2014; Zewdu et al., 2014). Genotype × location 

(G × L) interactions were  solids, protein, 

temperature, and solids-not-fat), reflecting 

differences in genotype performance across 

environments (Gebreyohannes et al., 2014; Silva et 

al., 2024). 

 

Effect of Lactation Stage and Parity on Milk 

Composition Traits 

Lactation stage significantly affected fat, milk 

density, total solids, protein, temperature, and salt (p 

< 0.001), but not lactose, freezing point, pH, or solids-

not-fat. These results are consistent with Connolly et 

al. (2023) and Kumar et al. (2021), who found 

lactose, SNF, and pH to be stable across lactation 

stages. However, Sabek et al. (2021) reported that 

higher parity and longer days in milk negatively 

affected udder health and milk quality in tropical 

cows. Proper adjustment for parity and lactation stage 

allows more accurate estimation of true genetic 

potential of the cows and minimizes bias in selection 

decisions. This aligns with findings by Kumar et al. 

(2021), who reported strong phenotypic associations 

between lactation stage, parity, and performance 

traits. Therefore, recognizing these effects is 

particularly important in dairy systems where cows 
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differ in reproductive status and stage of production, 

as failure to account for them could lead to inaccurate 

ranking and suboptimal genetic progress. 

 

Correlation among Milk Production Traits 

The strongest positive correlation was between milk 

density and protein content (r = 0.86), consistent with 

Suhendra et al, (2020). Protein and total solids were 

also highly correlated (r = 0.84). Fat content was 

positively correlated with total solids (r = 0.43), 

supporting Desye et al. (2023), who reported r = 0.88 

for similar traits. 

Freezing point was positively correlated with all 

major milk composition traits, reflecting its 

dependence on solute concentration, a colligative 

property rather than solute type (Khider et al. 2021). 

This aligns with its use in detecting milk adulteration 

or dilution, whether accidental or intentional (Kumar 

et al., 2024). In contrast, pH was negatively correlated 

with freezing point (r = -0.18), consistent with Rai et 

al. (2022), who reported r = -0.31 for similar 

relationships in crossbred dairy cows. 

 

CONCLUSIONS  
The on-farm monitoring revealed that both genetic 

and non-genetic factors significantly affect milk yield 

and composition traits in Holstein Friesian crossbred 

cows. While higher exotic genotypes enhanced milk 

volume, 50% HF crosses exhibited superior total 

solid, milk density and salt content. These findings 

highlight that increased milk yield tends to reduce 

component concentrations. Considering the current 

structure of the Ethiopian dairy sector, where milk 

pricing is largely volume-based, milk yield continues 

to be the most economically relevant trait for 

selection. Although milk composition traits are 

biologically important, their expression is strongly 

affected by management, nutrition, and 

environmental conditions in addition to genetics. 

Therefore, improving management practices and 

monitoring quality parameters may provide more 

immediate benefit, while keeping the option open for 

future integration of composition-based selection as 

the industry evolves. 
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