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Earlier studies found that milk lactoferrin (LF) concentration was significantly 
associated with somatic cell count (SCC) dynamics and lactation stage was 
related to milk production and mammary gland health, which helps determine the 
physiopathological conditions and goats’ postpartum activity. The presented study 
aimed to design an integrated monitoring system among LF and SCC dynamics 
and hematological indices over the postpartum timeline in Baladi and Shami 
goats. After collecting the data, the Shami and Baladi groups were compared using 
independent t-tests, and Pearson’s correlation analysis was performed between 
variables. This study reported that Shami and Baladi goats’ LF concentrations 
and SCC had fallen incrementally from day 1 to 35 days postpartum (DPP), and 
both LF and SCC showed (p < 0.05) correlation in early DPP. However, Baladi 
goats were significantly higher (p < 0.01) in milk yield, fat percentage, and 
protein at 15 DPP than Shami goats. Also,no significant differences (p > 0.05) 
were found in salts, solids, not fat, and total solids between the two groups at 
35 DPP. However, total protein, albumin, and globulin-related parameters were 
significantly higher (p < 0.01) at 15 DPP in Baladi compared to Shami goats. The 
Baladi goats were significantly higher for energy-related parameters and total 
protein and globulin-related parameters at 35 DPP. As expected, some correlation 
(p < 0.05) between LF and SCC was also seen during early DPP. Furthermore, Shami 
goats lymphocytes (LYM) × 103/μL, granulocytes (GRA), hemoglobin (HGB), and 
mean corpuscular hemoglobin concentration (MCHC) were significantly higher 
(p < 0.05) at 15 DPP. Also, at 35 DPP, white blood cells (WBC), lymphocytes (LYM), 
and monocytes (MONO) were lower in the Shami goats. In conclusion, this study 
provides essential physiological benchmarks for tracking goat lactation recovery 
by showing distinctive patterns of lactoferrin and somatic cell count dynamics 
and hematological adaptation during the postpartum period.
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Introduction

Goats are a significant livestock species in Egypt, substantially 
affecting the livestock production economy, making goats influential 
contributors to ruminant production, as they can thrive in highly 
harsh climates and arid systems (1). As the main local goat breeds, the 
Shami goat differs from the Baladi goat, and each possesses distinct 
production characteristics. While the Shami goat originated in Syria 
and Lebanon and is characterized by its large build, convex nose, long, 
drooping ears, and, in most cases, the absence of horns (2), conversely, 
the Baladi goat is a medium-sized, indigenous breed widespread 
throughout the Middle East and North Africa, including Egypt, 
Palestine, and Jordan, it is found in various colors and can be horned 
(3). Regarding productivity, the Shami goat produces approximately 4 
liters of milk daily, while the Baladi goat produces only 1 to 3 liters 
daily. The Shami goat also grows faster and produces more meat (4).

On the other hand, the Baladi goat needs less requirement and has 
better adaptation to harsh environments (5, 6). Shami goats often give 
birth to twins, allowing for greater litter numbers, while baladi goats 
have a lower twin rate. This promoted Shami goats suitable for 
intensive rearing, while baladi goats are traditionally raised for their 
ability to withstand harsh conditions (7).

Shami goats experience 210–240 days of lactation, with their peak 
milk production occurring between 4 and 8 weeks postpartum. Shami 
goats exhibit a high milk yield and lactation length, paid for by most 
local goat breeds (8). Baladi goats have a shorter lactation period, and 
various factors can influence lactation performance, including breed, 
genetics, availability of feed, and management practices (9). Variability 
of lactation performance due to breed genetics, availability of feed, and 
management practices between Shami goats and Baladi goats may 
contribute to variability (5).

For dairy ruminants, postpartum physiological changes, especially 
blood parameters, are closely related to future milk production and 
quality. Blood offers relevant markers for assessing health status (10), 
pregnancy and postpartum-associated metabolic changes (11), and 
pregnancy and postpartum-associated metabolic changes (12). Proper 
management and nutritional interventions to address negative energy 
balance, reduce oxidative stress, enhance immune function, and 
regulate hormonal balance can help optimize blood parameters, 
improve milk yield, and maintain somatic cell count (13). Also, goat 
milk’s immunological and nutritional aspects are especially critical for 
kids’ growth, and it has various proteins in milk that have protective 
functions and significant metabolic roles. Immunoglobulins provide 
non-specific immune defense, while other proteins such as lysozyme, 
lactoperoxidase, and lactoferrin deliver targeted, antimicrobial 
protection (14). Also, lactoferrin (LF) is a multifunctional glycoprotein 
belonging to the transferrin family, as it can be found in mammalian 
milk, leukocytes, and various body exocrine secretions (15). Moreover, 
LF was reported to have multiple bioactive actions, such as serving as a 
control factor stimulating cellular growth or regulating innate immune 
defenses (16, 17). So, LF is known to follow a specific temporal model 
with concentration, increasing concentration with the first colostrum 
and decreasing during the second half of lactation (18). Moreover, LF 
greatly impacts the non-specific host defenses in the mammary and 

other epithelial tissues by being incorporated into antimicrobial peptide 
structures (19). The two mechanisms that mediate its bacteriostatic and 
bactericidal activities are (i) iron impounding, which creates conditions 
for inhibiting microbial growth, by (ii) directly disrupting the metabolic 
activity for active bacteria’s membranes.

Goat milk contains a somatic cellular composition consisting of 
mammary epithelial cells (60–80%) and leukocytes (20–40%), which 
include macrophages, neutrophils, and lymphocytes (20). These cells 
are integral in the turnover and repair of mammary tissues, 
in  localized immune defense surveillance, and in active body 
protection against invasion. While somatic cell counts (SCC) tend to 
vary cyclically (generally <1 × 106 cells/mL in goats), increased values 
indicate subclinical mastitis, some degree of epithelial injury, and a 
change in milk yield (21). Hence, the most fundamental factors 
controlling SCC variation are (1) stage of lactation (higher in early/
late lactation), (2) differences among breeds (dairy > meat breeds), 
and (3) milking management (22).

This study investigates the postpartum physiological and lactation 
dynamics to forge cohesive monitoring of postpartum lactation 
progress in goats, highlighting the physiological changes and their 
correlation to lactation performance in this critical period.

Materials and methods

Animals and management

Forty female goats were employed in this investigation. In the 
same barn, the goats were divided into two experimental groups, 20 
animals in each group: (i) Shami goats were 26 ± 1.25 months of age, 
with a mean body weight of 25 ± 0.69 kg (mean ± SD), and (ii) Baladi 
goats were 21 ± 1.39 months of age, with a mean body weight of 
23 ± 1.12 kg (mean ± SD). The study was conducted on a private farm 
in the Aswan Governorate of Egypt (geographic location: 24° 5′20′′ N, 
32° 53′59′′ E), 900 km south of Cairo on the east bank of the Nile 
River. The research was conducted in 2024, and they approved the 
participation of all animal owners before being included.

The goats were provided for daytime grazing on the farm and 
housed in a semi-open barn at night. They were also provided with a 
daily ration of farm feed formulated based on National Research 
Council nutritional guidelines (23); the chemical composition of the 
experimental diet consisted of 89.75% dry matter, 85.52% organic 
matter, 14.15% crude proteins, 53.55% neutral detergent fiber, 20.12% 
acid detergent fiber, 5.15% ether extract, and 4.23% ash. The animals 
were all put through a standardized clinical exam to determine their 
health status, which included heart rate, rectal temperature, ruminal 
motility, respiratory rate, pulse rate, and capillary refill time (24).

Milk samples analyzing

Accumulate samples
Following rigorous adherence to established protocols to 

ensure sterility and hygiene, the samples were taken during 
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morning milking sessions on days 1, 15, and 35 DPP. The udder 
and teats were thoroughly cleaned with warm water and soap after 
the animal was safely stabilized and then thoroughly disinfected 
with a 70% alcohol solution (25). Initial milk (approximately 
2–3 mL) was discarded to reduce bacterial contamination (26), and 
samples were then collected in dry, sterile 15 mL tubes, with care 
taken to prevent any contact with potential contamination sources 
(27). For transportation to the laboratory, samples were promptly 
kept in a refrigerator at 4°C, or if the analysis was postponed for 
more than 24 h, they were frozen at −20°C (28). Every sample was 
assigned a number, and information about the animal, the time 
and date of collection, and any remarks about the udder’s health or 
the milk’s properties were noted. The use of sterile gloves and hand 
sanitization both before and after collection were among the 
complete biosafety requirements that were fulfilled.

Lactoferrin quantitation
Milk lactoferrin concentrations were measured using a 

commercial Caprine Lactoferrin ELISA Kit (Catalog No. E11-126, 
Bethyl Laboratories, United States) according to the manufacturer’s 
instructions and the method outlined by Chen et al. (29). The average 
recovery ranged from 92 to 101%, and the intra-assay and inter-assay 
coefficients of variation (%CV) were less than 10%. Briefly: Milk 
samples were centrifuged at 3,000 × g for 15 min at 4°C to remove fat. 
The aqueous phase was diluted 1:100 in PBS (pH 7.4). Standards and 
samples were incubated in antibody-coated wells for 60 min. After 
washing, an HRP-conjugated detection antibody was added. Color 
development was measured at 450 nm using a microplate reader. 
Concentrations were calculated from the standard curve and 
expressed in μg/ml.

Milk somatic cell count determination
Somatic cell counts were determined with an automated 

somatic cell counter (Fossomatic™ series, Foss Analytical, 
Denmark) using the standard procedure of Khalafallah et al. (30). 
The instrument was calibrated daily using certified reference 
material, and every sample was measured in duplicate to ensure 
measurement precision. The results are expressed as milk cells per 
milliliter (cells/mL).

Hematological analysis

Sample collection
Whole blood samples were collected via jugular venipuncture 

into vacutainer EDTA-coated tubes (Becton Dickinson, 
United  States) on day 25 and day 35 DPP. Immediately after 
collection, the samples were put on ice and transported to the 
laboratory for processing. Strict aseptic practices were adhered 
to during the collection of the samples to ensure integrity and 
contamination prevention.

Blood biochemicals
Glucose and urea were tested using laboratory kits provided by 

the Diamond Chemical Company in Germany (31). Total protein 
using specific kits developed by Spinreact Company, Spain (32). 
Spectrum Company’s kit (31) used a serum albumin test. Additionally, 

globulin levels were determined mathematically by subtracting 
albumin values from total serum protein values. To determine 
glucose concentrations, sodium fluoride-coated collection tubes were 
used. The levels of aspartate transaminase (AST) and alanine 
transaminase (ALT) were determined using assay kits given by 
Spectrum Chemical Company, Egypt, following the Young 
methodology (32).

Complete blood count analysis
Hematological parameters were analyzed using SPINREACT kits 

of Chemical Company Girona, Spain (12). The parameters included 
the following: White blood cells (WBCs): Lymphocytes (LYM; %), 
Monocytes (MONO; %), and Granulocytes (GRA; %). Red blood cell 
(RBC) count (×106/μL), Hemoglobin concentration (HGB, g/dL), 
Packed cell volume (PCV, %), Mean corpuscular volume (MCV, FL), 
Mean corpuscular hemoglobin concentration (MCH, pg.), Mean 
corpuscular hemoglobin concentration (MCHC, g/dL). The analyzer 
was previously calibrated with commercial controls for analysis, and 
the sample integrity was verified to achieve valid results. The 
measurements were repeated twice, and the outliers were reverified to 
ensure compliance.

Statistical analysis

Data were analyzed in Statistical Package for the Social Sciences 
(SPSS) 25 after normality checking (Kolmogorov–Smirnov test). 
Shami and Baladi groups were compared through independent t-tests, 
while Pearson’s correlation (95% CI) measured correlations 
between variables.

Results

Lactoferrin level (μg/ml) at early lactation

Figure 1 illustrates the lactoferrin concentration profiles of 
early lactation in Baladi and Shami goats. The initial 
measurements at 1 DPP indicated higher lactoferrin 
concentration profiles in Baladi goats (182.52 μg/mL) compared 
to Shami goats (169.04 μg/mL) but only slightly so (p < 0.05). 
There was a drastic reduction in both breeds’ lactoferrin levels by 
15 days postpartum (Shami: 47.57 μg/mL; Baladi: 55.16 μg/mL; 
p > 0.05), and the levels were comparatively stable across 35 days 
postpartum (Shami: 48.74 μg/mL; Baladi: 56.62 μg/mL; p > 0.05). 
No significant breed differences at any time point were detected 
using statistical analysis (p > 0.05) despite the consistent 
numerical trend of Baladi goats having higher lactoferrin levels 
across the study period.

Somatic cell count (SCC; cells/ml) for the 
period of early lactation

As Figure 2 shows the trends for SCC in Shami and Baladi goats 
through early lactation. On the first day of postpartum, Shami goats 
had SCC values that were numerically higher than those of Baladi 
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goats, with Shami at (358,150 cells/mL) and Baladi at (336,800 cells/
mL) but were not statistically significant (p = 0.179). Both breeds 
exhibited a decline in SCC Shami at 258,350 cells/mL and Baladi at 
246,150 cells/mL by the 15-day mark postpartum; also, there was a 
continued decline in both breeds by the 35-day for Shami goats at 
234,550 cells/mL and Baladi goats at 224,250 cells/mL; however, these 
values were statistically insignificant (p = 0.244). Statistical analysis 
confirmed no significant breed-based variations at any time point 
(p > 0.05), which means both breeds had similar SCC trends regardless 
of the postpartum period.

Lactoferrin level (μg/ml) and somatic cell 
counts (SCC; cells/ml) relation

The correlation analyses of Lactoferrin level and Somatic cell 
count (SCC) data for Shami and Baladi Goats were integrated in 
Tables 1, 2.

Lactoferrin levels and somatic cell counts (SCC) in Shami and 
Baladi goats at 1, 15, and 35 DPP were inversely related, but not 
statistically significant (p > 0.05). In the Shami goats, there was the 
strongest inverse relationship (r  = −0.382, p  = 0.097) at 15 DPP, 
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FIGURE 1

Lactoferrin level (μg/ml) during postpartum early lactation in Shami and Baladi goats.
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followed by 1 DPP (r = −0.320, p = 0.169) and 35 DPP (r = −0.355, 
p  = 0.125). In the Baladi goats, there were stronger negative 
correlations at 1 DPP (r = −0.305, p = 0.191) and 35 DPP (r = −0.310, 
p = 0.184), while there were weaker negative correlations at 15 DPP 
(r = −0.193 to −0.238).

Milk yield and composition

The milk yield and composition in Shami and Baladi Goats 
During Postpartum Recovery are presented in Table 3. The Baladi 
goats revealed a significantly higher (p < 0.01) milk yield (kg/day), 
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FIGURE 2

Somatic cell count (SCC; cells/ml), during early lactation as an indicators of postpartum lactation dynamics in Shami and Baladi goats.
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TABLE 1 Correlation analyses between lactoferrin level and somatic cell count (SCC), in Shami goats.

Item Somatic cell count (SCC)

1 DPP 15 DPP 35 DPP

Lactoferrin level

1 DPP

r −0.320 −0.299 −0.325

P 0.169 0.201 0.162

15 DPP

r −0.214 −0.234 −0.186

P 0.365 0.32 0.434

35 DPP

r −0.355 −0.382 −0.344

P 0.125 0.097 0.138

DPP, Days postpartum. P, Propapility. r, Correlation value.

TABLE 2 Correlation analyses between lactoferrin level and somatic cell count (SCC), in Baladi goats.

Item Somatic cell count (SCC)

1 DPP 15 DPP 35 DPP

Lactoferrin level

1 DPP

r −0.300 −0.305 −0.161

P 0.199 0.191 0.499

15 DPP

r −0.228 −0.193 −0.160

P 0.334 0.414 0.501

35 DPP

r −0.310 −0.238 −0.309

P 0.184 0.313 0.185

DPP, Days postpartum. P, Propapility. r, Correlation value.

TABLE 3 Milk yield and composition in Shami and Baladi goats during postpartum recovery.

Days postpartum (DPP) Parameter Shami Baladi SEM Sig p-value

15 DPP

Milk yield (kg/day) 0.43 0.56 0.02 ** 0.001

Fat % 3.05 3.27 0.05 ** 0.029

Protein % 2.97 3.14 0.03 ** 0.010

Salts % 0.72 0.71 0.00 Ns 0.013

Lactose % 4.80 5.06 0.07 * 0.050

Solids not fat% 8.29 8.48 0.08 Ns 0.286

Total solids % 11.76 11.77 0.08 Ns 0.985

35 DPP

Milk yield (kg/day) 1.80 1.63 0.20 ** 0.008

Fat % 3.14 3.42 0.06 * 0.018

Protein % 3.03 3.49 0.08 ** 0.002

Salts % 0.71 0.61 0.28 * 0.032

Lactose % 4.55 4.72 0.05 Ns 0.093

solids not fat % 8.52 8.55 0.07 Ns 0.861

Total solids % 11.84 11.87 0.11 Ns 0.904

DPP, Days postpartum. Ns, non significance. *Significant at the 0.05. **Significant at the 0.01.
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fat %, and protein at 15 DPP compared to the Shami goats. Also, 
there was significantly higher (p < 0.05) lactose % at 15 DPP in 
Baladi goats. On the other hand, no significant differences 
(p > 0.05) were observed in salt content, solids not fat, and total 
solids content between Shami and Baladi goats at 15 DPP. At the 
same time, there was a significance (p < 0.05) higher in the Shami 
goats than Baladi goats in solids % at 35 DPP. Furthermore, at 35 
DPP, the Baladi goats showed a significant increase in milk yield 
(kg/day), fat %, and protein compared to the Shami goats. However, 
no significant differences (p > 0.05) were observed in the Salts %, 
Lactose % solids not fat %, and Total solids % between Shami and 
Baladi goats at 35 DPP.

Blood biochemical

The blood biochemicals in Shami and Baladi Goats During 
Postpartum Recovery are presented in Table 4. For the total protein, 
albumin, and globulin-related parameters (mg/dl), the Bladi goats 
were significantly higher (p < 0.01) at 15 DPP compared to Shami 
goats. While energy-related parameters (mg/dl), the glucose 
concentrations did not differ significantly between goats at 15 
DPP. Also, no significant differences (p > 0.05) were observed in the 
liver function enzymes (ALT and AST) and urea (mg/dl) at 15 and/or 
35 DPP between groups. Furthermore, at 35 DPP, the energy-related 
parameters (mg/dl) and the glucose concentrations were significantly 
higher (p < 0.01) in the Baladi compared to the Shami goats. For the 
total protein and globulin-related parameters (mg/dl), the Bladi goats 
were significantly higher (p < 0.01) at 35 DPP compared to 
Shami goats.

Complete blood count parameters

Table 5 displays the hematological comparison of Shami and 
Baladi goats during the postpartum. Shami goats had slightly 

higher lymphocyte counts (103/μL; p  = 0.050) and higher 
granulocyte counts (103/μL; p  = 0.040) at 15 days postpartum 
(DPP). Alongside these variations in white blood cell parameters, 
Shami goats showed superior red blood cell indices, such as a 
significantly higher mean corpuscular hemoglobin concentration 
(g/dL; p = 0.039) and hemoglobin concentration (g/dL; p = 0.040). 
The leukocyte profile also revealed additional breed differentiation 
at 35 DPP, with Shami goats exhibiting lower monocyte levels 
(103/μL; p = 0.042) and significantly higher total white blood cell 
counts (103/μL; p  = 0.020) and lymphocyte numbers (103/μL; 
p  = 0.003). By this point, the Shami goats’ initial granulocyte 
advantage had faded, and both breeds displayed similar levels (103/
μL; p  = 0.171). Although the early breed-specific variations in 
hemoglobin and MCHC were no longer statistically significant at 
35 DPP, red blood cell parameters stayed constant throughout the 
study. The patterns showed that as lactation continued, both 
breeds’ granulocyte concentrations decreased while their overall 
white blood cell counts increased, indicating dynamic physiological 
adaptations during the postpartum phase.

Discussion

Small ruminants’ immune status, which depends on complex 
interactions with their productivity and physiological state, influences 
their postpartum lactation performance. While several previous 
studies have shown a close correlation between milk lactoferrin (LF) 
concentration and somatic cell count (SCC) dynamics and that the 
lactation stage is associated with milk production and mammary 
gland health, it can help identify pathophysiological conditions and 
postpartum activity in goats. This study successfully designed an 
integrated monitoring system for somatic cell and red blood cell count 
dynamics and hematological parameters over the postpartum period 
in Baladi and Shami goats.

This study showed that lactoferrin concentrations from Baladi 
goats were significantly higher at 1 day postpartum (DPP) than 

TABLE 4 Blood biochemical in Shami and Baladi goats during postpartum lactation recovery.

Days postpartum (DPP) Parameter Shami Baladi SEM Sig p-value

15 DPP

Glucose (mg/dl) 105.45 107.35 1.30 Ns 0.473

Total protein (mg/dl) 6.31 6.86 0.08 ** 0.001

Albumin (mg/dl) 2.87 3.30 0.07 ** 0.004

Globulin (mg/dl) 2.99 3.45 0.09 ** 0.010

Alanine transaminase (mg/dl) 18.49 18.56 0.25 Ns 0.893

Aspartate transaminase (mg/dl) 33.24 36.29 0.88 Ns 0.086

Urea (mg/dl) 21.28 21.65 0.23 Ns 0.435

35 DPP

Glucose (mg/dl) 102.50 114.07 1.69 ** 0.001

Total protein (mg/dl) 6.87 7.49 0.13 * 0.015

Albumin (mg/dl) 3.02 3.21 0.08 Ns 0.207

Globulin (mg/dl) 3.20 3.51 0.07 * 0.022

Alanine transaminase (mg/dl) 19.07 20.14 0.25 Ns 0.059

Aspartate transaminase (mg/dl) 34.04 37.25 0.82 Ns 0.052

Urea (mg/dl) 21.55 24.35 0.42 Ns 0.085

DPP, Days postpartum. Ns, non significance. *Significant at the 0.05. **Significant at the 0.01.
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those of Shami goats. However, for the goats below 35 DPP (where 
lactation progresses), the amount of lactoferrin in both types was 
significantly lower. The results were consistent with the findings of 
Navarro et al. (34), who determined that the lactoferrin (LF) in 
ovine colostrum significantly decreased after day two of milking 
and similar to those reported in goat milk, according to Hiss et al. 
(35) and Chen et al. (36).

However, this study found that at 1 DPP, somatic cell counts 
(SCC) were slightly higher in Shami goats than in Baladi goats. 
From there, they gradually decreased in both breeds to 35 
DPP. These results are consistent with physiological changes 
expected in the postpartum phase, where SCC levels typically 
decline as lactation progresses past the colostral phase (37, 38). 
However, according to studies by Suzuki et al., milk’s lactoferrin 
content is greater when drying off than postpartum. The positive 
link between postpartum milk SCC and lactoferrin concentration 
suggests that, under pathological simulation, immune cells 
infiltrate the udder more often, and the lactoferrin these cells 
produce elevates the lactoferrin concentration in milk (39). Also, 
previous goat results indicated that SCC is typically greater in less 
productive, healthy animals. On the other hand, among milk 
controls, goats that produce more than 3 kg of milk per day had 
the lowest SCC (<954 × 103 cells/mL), which is probably caused 
by damaged mammary gland alveolar cells, which raises milk 
SCC significantly (40).

The present study reported a consistent negative correlation 
between lactoferrin concentrations and somatic cell counts (SCC) 

during early lactation. Elevated lactoferrin levels in early lactation 
may enhance immune defense, thereby reducing leukocyte 
recruitment to the mammary gland, a phenomenon reflected in 
lower SCC values. Additionally, the observed decline in SCC 
during this phase could signify the resolution of physiological 
inflammation following parturition, coinciding with the 
transition from colostrum to milk production (40). Early 
lactation yields the most milk, which declines, while SCC peaks 
soon after birth. For example, the SCC in buffaloes’ healthy 
quarters rises from around 80 × 103 cells/mL at 35 days after 
giving birth to 160 × 103 cells/mL at 285 days.

This Study reported that the Baladi goats generated 
consistently larger milk production at both 15 and 35 DPP than 
the Shami goats, consistent with prior research demonstrating 
that indigenous breeds perform better in lactation under similar 
management conditions (41). Baladi goats have greater fat and 
protein percentages, indicating a genetic inclination to produce 
more energy-dense milk, which is essential for kid growth and 
dam recovery (42).

However, there was a significantly higher lactose 
concentration at 15 DPP in Baladi goats. Depending on the 
metabolic state, lactose production during the early stages of 
lactation is impacted, which influences the milk yield (43). The 
lower SCC and higher Milk yield (kg/day) in Baladi goats than in 
Shami goats may affect milk lactose. Also, Research shows that 
goats with high hemoglobin levels produce higher milk and have 
lower SCC, while goats with low hemoglobin levels (<5.6 mmol) 

TABLE 5 Complete blood count parameters in Shami and Baladi goats during postpartum recovery.

Days postpartum (DPP) Parameter Shami Baladi SEM Sig p-value

15 DPP

WBC (×103/μL) 19.69 19.29 0.12 Ns 0.110

LYM (×103/μL) 4.77 4.55 0.06 * 0.050

MONO (×103/μL) 1.79 1.60 0.06 Ns 0.930

GRA (×103/μL) 13.55 13.23 0.08 * 0.040

RBC (×106/μL) 12.02 11.90 0.16 Ns 0.700

PCV (%) 20.02 19.23 0.21 Ns 0.060

HGB (g/dL) 8.33 7.93 0.10 * 0.040

MCV (FL) 18.26 17.86 0.11 Ns 0.060

MCHC (g/dL) 39.16 38.31 0.21 * 0.039

MCH (pg.) 7.54 7.16 0.11 Ns 0.073

35 DPP

WBC (×103/μL) 22.33 23.96 0.14 * 0.020

LYM (×103/μL) 4.48 5.18 0.12 * 0.003

MONO (×103/μL) 0.91 1.09 0.04 * 0.042

GRA (×103/μL) 6.10 5.70 0.15 Ns 0.171

RBC (×106/μL) 12.71 12.44 0.14 Ns 0.332

PCV (%) 20.99 20.54 0.34 Ns 0.522

HGB (g/dL) 8.29 8.31 0.13 Ns 0.928

MCV (FL) 17.98 17.68 0.13 Ns 0.275

MCHC (g/dL) 39.68 39.46 0.26 Ns 0.686

MCH (pg.) 7.40 7.19 0.09 Ns 0.238

DPP, Days postpartum. Ns, non significance. *Significant at the 0.05. **Significant at the 0.01. WBC, White blood cells; LYM, Lymphocytes; MONO, Monocytes; GRA, Granulocytes; RBC, 
Red blood cells; PCV, Packed cell volume; HGB, Hemoglobin; MCV, Mean corpuscular volume; MCHC, Mean corpuscular hemoglobin concentration; MCH, Mean corpuscular hemoglobin.
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have greater SCC. This implies that in small ruminants, 
hemoglobin levels may affect milk production and udder health 
to fight infections, and immune cells from the blood will pass to 
the udder, raising milk SCC (44).

In the present study, at 15 DPP, the Bladi goats had 
significantly higher levels of total protein, albumin, and globulin-
related parameters than the Shami goats. Additionally, the Aladi 
goats had significantly higher levels of total protein and globulin-
related parameters at 35 DPP than the Shami goats. On the other 
hand, stable blood globulin levels and healthy immunological 
activity can help reduce SCC and increase milk production (45).

The CBC profile revealed breed differentiation at 35 DPP, with 
Shami goats showing lower monocyte levels and higher total white 
blood cell counts and lymphocyte numbers. There are several possible 
causes for the high WBC counts in the early stages of lactation: (1) 
immune activation following delivery to prevent possible infections 
(46), (2) physiological reactions to the involution of the uterus (47), 
and (3) leukocyte migration to mammary tissue to increase 
phagocytic activity and strengthen antimicrobial defenses (48). Also, 
the primary cell type in the milk of healthy, uninfected goats is 
polymorphonuclear neutrophils (PMN) PMNs, whereas the 
predominant cell type in the milk of uninfected sheep is macrophages. 
When the equilibrium of blood lymphocytes and neutrophils is upset, 
such as during stress or immunological reactions, their proportions 
in milk may shift, impacting milk SCC and yield. For example, there 
is a negative link between blood neutrophil numbers and milk SCC, 
while there is no significant correlation between lymphocyte counts 
and SCC (49). However, most hematological parameters notably 
stayed within homeostatic ranges (50), indicating the resilience of 
physiological regulation systems.

Conclusion

This study clarifies important physiological patterns in Shami and 
Baladi goats during the postpartum phase physiologically correlated 
with milk yield and composition changes. The current result 
demonstrates dynamic changes in lactation, somatic cell dynamics, 
and physiological adaptations. The present results provide 
physiological evidence for tracking goat health during the critical 
transition period, providing valuable information for managing and 
optimizing dairy production performance.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors without undue reservation.

Ethics statement

The animal studies were approved by The Egyptian Medical 
Research Ethics Committee (No. 14–126). The study followed local 
regulations and institutional guidelines to the Research Ethics 
Committee of the Faculty of Agriculture at Assiut University; 
Reference No: 03-2025-00031. The studies were conducted in 

accordance with the local legislation and institutional requirements. 
Written informed consent was obtained from the owners for the 
participation of their animals in this study.

Author contributions

MEA: Conceptualization, Investigation, Supervision, 
Visualization, Writing – original draft. MA: Investigation, Software, 
Visualization, Writing – original draft. AZ: Data curation, Formal 
analysis, Methodology, Writing – original draft. BF: Data curation, 
Formal analysis, Visualization, Writing – original draft. RM: Data 
curation, Formal analysis, Investigation, Methodology, Writing  – 
original draft. HF: Data curation, Formal analysis, Software, Writing – 
original draft. IE-H: Data curation, Investigation, Methodology, 
Validation, Writing  – review & editing. FA: Formal analysis, 
Methodology, Software, Validation, Writing  – original draft. RG: 
Conceptualization, Formal analysis, Validation, Writing – review & 
editing. SN: Data curation, Investigation, Methodology, Writing – 
original draft. KA: Data curation, Software, Writing – review & 
editing. MG: Conceptualization, Funding acquisition, Project 
administration, Writing – review & editing.

Funding

The author(s) declare that financial support was received for 
the research and/or publication of this article. The publication 
was cofinanced with the Inner Mongolia Autonomous Region 
Open Competition Projects (grant no. 2022JBGS0024), Inner 
Mongolia Autonomous Region Science and Technology Plan 
(grant no. 2023YFHH0114), Agriculture Research System of 
China (Cars38), Inner Mongolia Autonomous Region 
Department of Education first-class scientific research project 
(grant nos. YLXKZX-ND-026 and YLXKZX-ND-029), and 
Bayannur science and technology key breakthrough project 
(grant no. NMKJXM202404-1).

Acknowledgments

The authors thank the Deanship of Research and Graduate Studies 
at King Khalid University for funding this work through a Large 
Research Project under grant number RGP2/316/45.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

https://doi.org/10.3389/fvets.2025.1625434
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Ali et al. 10.3389/fvets.2025.1625434

Frontiers in Veterinary Science 10 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
 1. Kaliber M, Koluman N, Silanikove N. Physiological and behavioral basis for the 

successful adaptation of goats to severe water restriction under hot environmental 
conditions. Animal. (2016) 10:82–8. doi: 10.1017/S1751731115001652

 2. Wurzinger M, Iniguez L, Zaklouta M, Hilali M, Sölkner J. The Syrian Jabali goat 
and its production system. J Arid Environ. (2008) 72:384–91. doi: 
10.1016/j.jaridenv.2007.07.006

 3. Abdallah JM, Omar JA. Morphological characterization of Baladi goats in the West 
Bank, Palestine. An-Najah Univ J Res-A (Nat Sci). (2018) 33:23–44. doi: 10.35552/
anujr.a.33.1.1613

 4. Idamokoro EM, Muchenje V, Masika PJ. Yield and milk composition at different 
stages of lactation from a small herd of nguni, boer, and non-descript goats raised in an 
extensive production system. Sustainability. (2017) 9:1000. doi: 10.3390/su9061000

 5. Al-Barakeh F, Khashroum AO, Tarawneh RA, Al-Lataifeh FA, Al-Yacoub AN, 
Dayoub M, et al. Sustainable sheep and goat farming in arid regions of Jordan. 
Ruminants. (2024) 4:241–55. doi: 10.3390/ruminants4020017

 6. Ali ME, Mohamed RH, Hussein HA, Mahmoud AH, Rabee AE, Zakaria AM. 
Potential effect of the number and type of birth on udder, milk yield, milk composition, 
ovarian follicles, and certain blood parameters in Baladi goat. J Basic Appl Zool. (2025) 
86:12. doi: 10.1186/s41936-025-00431-y

 7. Obaido M. Characterization and comparative evaluation of sheep production under 
traditional and improved management conditions in Central Syria. Institute of 
Education in Syria. (2010) MSc Theses 1:110.

 8. Keskin M. Effect of rearing systems on kid performance, lactation traits and 
profitability of Shami (Damascus) goats. J Appl Anim Res. (2002) 22:267–71. doi: 
10.1080/09712119.2002.9706409

 9. Morand-Fehr P. Recent developments in goat nutrition and application: a 
review. Small Rumin Res. (2005) 60:25–43. doi: 10.1016/j.smallrumres.2005.06.004

 10. Ali ME, Zainhom MY, Monir A, Awad AA-E, Al-Saeed FA. Dietary 
supplementation with rosemary essential oil improves genital characteristics, semen 
parameters and testosterone concentration in Barki rams. J Basic Appl Zool. (2024) 
85:45. doi: 10.1186/s41936-024-00400-x

 11. Manat TD, Chaudhary SS, Singh VK, Patel SB, Puri G. Hematobiochemical profile 
in Surti goats during post-partum period. Vet World. (2016) 9:19–24. doi: 
10.14202/vetworld.2016.19-24

 12. Al-Saeed FA, Abd-Elghfar SS, Ali ME. Efficiency of thyme and oregano essential 
oils in counteracting the hazardous effects of malathion in rats. Animals. (2024) 14:2497. 
doi: 10.3390/ani14172497

 13. Liu N, Qi J, An X, Wang Y, Wang B, Li X, et al. Changes in feeding behavior, milk 
yield, serum indexes, and metabolites of dairy cows in three weeks postpartum. Sci Rep. 
(2025) 15:7925. doi: 10.1038/s41598-025-92203-5

 14. Hettinga K, van Valenberg H, de Vries S, Boeren S, van Hooijdonk T, van 
Arendonk J, et al. The host defense proteome of human and bovine milk. PLoS One. 
(2011) 6:e19433. doi: 10.1371/journal.pone.0019433

 15. Ammons M, Copié V. Mini-review: Lactoferrin: a bioinspired, anti-biofilm 
therapeutic. Biofouling. (2013) 29:443–55. doi: 10.1080/08927014.2013.773317

 16. Pan S, Weng H, Hu G, Wang S, Zhao T, Yao X, et al. Lactoferrin may inhibit the 
development of cancer via its immunostimulatory and immunomodulatory activities. 
Int J Oncol. (2021) 59:1–11. doi: 10.3892/ijo.2021.5265

 17. Farnaud S, Evans RW. Lactoferrin—a multifunctional protein with antimicrobial 
properties. Mol Immunol. (2003) 40:395–405. doi: 10.1016/S0161-5890(03)00152-4

 18. Davis S, South C. Suspension of milking in dairy cows produces a transient 
increase in milk lactoferrin concentration and yield after resumption of milking. J Dairy 
Sci. (2015) 98:7823–30. doi: 10.3168/jds.2015-9772

 19. Benaïssa M, Peyrat JP, Hornez L, Mariller C, Mazurier J, Pierce A. Expression and 
prognostic value of lactoferrin mRNA isoforms in human breast cancer. Int J Cancer. 
(2005) 114:299–306. doi: 10.1002/ijc.20728

 20. Smistad M, Aab R, Skeie S. Seasonal dynamics of bulk milk somatic cell count in 
grazing Norwegian dairy goats. JDS Commun. (2024) 5:205–9. doi: 10.3168/
jdsc.2023-0457

 21. Podhorecká K, Borková M, Šulc M, Seydlová R, Dragounová H, Švejcarová M, 
et al. Somatic cell count in goat milk: An indirect quality indicator. Food Secur. (2021) 
10:1046. doi: 10.3390/foods10051046

 22. Lianou DT, Michael CK, Vasileiou NG, Liagka DV, Mavrogianni VS, Caroprese M, 
et al. Association of breed of sheep or goats with somatic cell counts and total bacterial 
counts of bulk-tank milk. Appl Sci. (2021) 11:7356. doi: 10.3390/app11167356

 23. National Research Council (NRC). Nutrient requirements of goats: Angora, dairy, 
and meat goats in temperate and tropical countries, vol. 15 National Academies Press 
(1981) 15:100. doi: 10.17226/30

 24. Zakaria AM, Al-Daek T, Elmeligy E, Mohamed RH, El-Naga EMA, Mohammed HH, 
et al. Effect of different post-partum therapeutic protocols with intrauterine oxytetracycline, 
oxytocin and/or GnRH injection in post-kidding goats on oxytetracyclines residues in goat 
milk and postpartum ovarian resumption with referring to clinical and haematological 
pictures. BMC Vet Res. (2023) 19:139. doi: 10.1186/s12917-023-03706-0

 25. Magnusson M, Christiansson A, Svensson B, Kolstrup C. Effect of different 
premilking manual teat-cleaning methods on bacterial spores in milk. J Dairy Sci. 
(2006), 89:3866–75. doi: 10.3168/jds.S0022-0302(06)72429-8

 26. Schukken Y, Wilson D, Welcome F, Garrison-Tikofsky L, Gonzalez R. Monitoring 
udder health and milk quality using somatic cell counts. Vet Res. (2003) 34:579–96. doi: 
10.1051/vetres:2003028

 27. McLauchlin J, Aird H, Elliott A, Forester E, Jørgensen F, Willis C. Microbiological 
quality of raw drinking milk and unpasteurised dairy products: results from England 
2013–2019. Epidemiol Infect. (2020) 148:e135. doi: 10.1017/S0950268820001016

 28. Pinto Ferreira J, Gochez D, Jeannin M, Magongo MW, Loi C, Bucher K, et al. From 
OIE standards to responsible and prudent use of antimicrobials: supporting stewardship 
for the use of antimicrobial agents in animals. JAC-Antimicrobial Resistance. (2022) 
18:1–8. doi: 10.1093/jacamr/dlac017

 29. Chen P-W, Chen W-C, Mao FC. Increase of lactoferrin concentration in mastitic 
goat milk. J Vet Med Sci. (2004) 66:345–50. doi: 10.1292/jvms.66.345

 30. Khalphallah A, Elmeligy E, Zakaria AM, Ghallab RS, Abdulkarim A, Mohamed 
RH. Comparative study of efficacy of prepartum injection of multivitamins and 
selenium-vitamin E (ά-tocopherol)-combination on post-partum clinical findings, 
serum steroids, calf and placental weights, and milk antioxidant biomarkers changes in 
female dromed. Open Vet J. (2022) 12:657–67. doi: 10.5455/OVJ.2022.v12.i5.10

 31. Tietz NW. Clinical guide to laboratory tests In: Clinical guide to laboratory tests 
3rd Edition, Philadelphia: W.B. Saunders, Co. (1995) 1096–6.

 32. Young DS. Effects of drugs on clinical laboratory tests. Ann Clin Biochem. (1997). 
34:579–81. doi: 10.1177/000456329703400601

 34. Navarro F, Galan-Malo P, Pérez MD, Abecia J-A, Mata L, Calvo M, et al. Lactoferrin 
and IgG levels in ovine milk throughout lactation: correlation with milk quality 
parameters. Small Rumin Res. (2018) 168:12–8. doi: 10.1016/j.smallrumres.2018.09.002

 35. Hiss S, Meyer T, Sauerwein H. Lactoferrin concentrations in goat milk throughout 
lactation. Small Rumin Res. (2008) 80:87–90. doi: 10.1016/j.smallrumres.2008.07.027

 36. Chen D, Zhao X, Li X, Wang J, Wang C. Milk compositional changes of Laoshan 
goat milk from partum up to 261 days postpartum. Anim Sci J. (2018) 89:1355–63. doi: 
10.1111/asj.13062

 37. Upadhyay A, Alex R, Dige MS, Sahoo S, Khan KD, Das P, et al. Optimizing the 
genetic evaluation criteria for the small herd of Saanen x Beetal crossbred dairy goats of 
Indian sub-tropic. Small Rumin Res. (2017) 241:107402 doi: 10.1016/j.smallrumres

 38. Giannuzzi D, Evangelista C, Costa A, Conte G, Neglia G, Bernabucci U, et al. Milk 
phenomics: leveraging biological bonds with blood and infrared technologies for 
evaluating animal nutritional and health status. Ital J Anim Sci. (2024) 23:780–801. doi: 
10.1080/1828051X.2024.2353226

 39. Suzuki N, Harada R, Tsugami Y, Nii T, Isobe N. Concentrations of antimicrobial 
components in milk at dry off and postpartum and their relationships to new high 
somatic cell counts at quarter level in dairy cows. J Dairy Res. (2024) 91:70–2. doi: 
10.1017/S0022029924000050

 40. Kaskous S, Farschtschi S, Pfaffl MW. Physiological aspects of milk somatic cell 
count in small ruminants—a review. Dairy. (2022) 4:26–42. doi: 10.3390/dairy4010002

 41. El-Tarabany MS, El-Tarabany AA, Atta MA. Physiological and lactation responses 
of Egyptian dairy Baladi goats to natural thermal stress under subtropical environmental 
conditions. Int J Biometeorol. (2017) 61:61–8. doi: 10.1007/s00484-016-1191-2

 42. Ferro MM, Tedeschi LO, Atzori AS. The comparison of the lactation and milk yield 
and composition of selected breeds of sheep and goats. Translational Animal Sci. (2017) 
1:498–506. doi: 10.2527/tas2017.0056

 43. Kvidera S, Horst E, Abuajamieh M, Mayorga E, Fernandez MS, Baumgard L. 
Glucose requirements of an activated immune system in lactating Holstein cows. J Dairy 
Sci. (2017) 100:2360–74. doi: 10.3168/jds.2016-12001

 44. Giagu A, Penati M, Traini S, Dore S, Addis MF. Milk proteins as mastitis markers in dairy 
ruminants - a systematic review. Vet Res Commun. (2022) 46:329–51. doi: 10.1007/
s11259-022-09901-y

https://doi.org/10.3389/fvets.2025.1625434
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1017/S1751731115001652
https://doi.org/10.1016/j.jaridenv.2007.07.006
https://doi.org/10.35552/anujr.a.33.1.1613
https://doi.org/10.35552/anujr.a.33.1.1613
https://doi.org/10.3390/su9061000
https://doi.org/10.3390/ruminants4020017
https://doi.org/10.1186/s41936-025-00431-y
https://doi.org/10.1080/09712119.2002.9706409
https://doi.org/10.1016/j.smallrumres.2005.06.004
https://doi.org/10.1186/s41936-024-00400-x
https://doi.org/10.14202/vetworld.2016.19-24
https://doi.org/10.3390/ani14172497
https://doi.org/10.1038/s41598-025-92203-5
https://doi.org/10.1371/journal.pone.0019433
https://doi.org/10.1080/08927014.2013.773317
https://doi.org/10.3892/ijo.2021.5265
https://doi.org/10.1016/S0161-5890(03)00152-4
https://doi.org/10.3168/jds.2015-9772
https://doi.org/10.1002/ijc.20728
https://doi.org/10.3168/jdsc.2023-0457
https://doi.org/10.3168/jdsc.2023-0457
https://doi.org/10.3390/foods10051046
https://doi.org/10.3390/app11167356
https://doi.org/10.17226/30
https://doi.org/10.1186/s12917-023-03706-0
https://doi.org/10.3168/jds.S0022-0302(06)72429-8
https://doi.org/10.1051/vetres:2003028
https://doi.org/10.1017/S0950268820001016
https://doi.org/10.1093/jacamr/dlac017
https://doi.org/10.1292/jvms.66.345
https://doi.org/10.5455/OVJ.2022.v12.i5.10
https://doi.org/10.1177/000456329703400601
https://doi.org/10.1016/j.smallrumres.2018.09.002
https://doi.org/10.1016/j.smallrumres.2008.07.027
https://doi.org/10.1111/asj.13062
https://doi.org/10.1016/j.smallrumres
https://doi.org/10.1080/1828051X.2024.2353226
https://doi.org/10.1017/S0022029924000050
https://doi.org/10.3390/dairy4010002
https://doi.org/10.1007/s00484-016-1191-2
https://doi.org/10.2527/tas2017.0056
https://doi.org/10.3168/jds.2016-12001
https://doi.org/10.1007/s11259-022-09901-y
https://doi.org/10.1007/s11259-022-09901-y


Ali et al. 10.3389/fvets.2025.1625434

Frontiers in Veterinary Science 11 frontiersin.org

 45. Shah A, Darzi M, Kamil S, Mir M, Maqbool R, Ali R, et al. Somatic cell 
alteration in healthy and mastitic milk of sheep and goats. J Entomol Zool Stud. 
(2017) 5:27–33.

 46. Muayad T, Haniza M, Husni I, Tawang A. Haematological values of apparently 
healthy indigenous goats in Malaysia: a comparative study. Indian J Anim Res. (2018) 
52:1701–4. doi: 10.18805/ijar.v0iOF.6828

 47. Antunovic Z, Novoselec J, Sauerwein H, Speranda M, Vegara M Blood metabolic profile 
and some of hormones concentration in ewes during different physiological status. 
Bulg J Agric Sci. (2011) 17:687–95.

 48. Iriadam M. Variation in certain hematological and biochemical parameters during 
the peri-partum period in Kilis does. Small Rumin Res. (2007) 73:54–7. doi: 
10.1016/j.smallrumres.2006.11.001

 49. Haenlein GF. Relationship of somatic cell counts in goat milk to mastitis and 
productivity. Small Rumin Res. (2002) 45:163–78. doi: 
10.1016/S0921-4488(02)00097-4

 50. Cozzi G, Ravarotto L, Gottardo F, Stefani A, Contiero B, Moro L, et al. Reference 
values for blood parameters in Holstein dairy cows: effects of parity, stage of lactation, 
and season of production. J Dairy Sci. (2011) 94:3895–901. doi: 10.3168/jds.2010-3687

https://doi.org/10.3389/fvets.2025.1625434
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.18805/ijar.v0iOF.6828
https://doi.org/10.1016/j.smallrumres.2006.11.001
https://doi.org/10.1016/S0921-4488(02)00097-4
https://doi.org/10.3168/jds.2010-3687

	Investigating lactoferrin and somatic cell count dynamics in early postpartum Shami and Baladi goats
	Introduction
	Materials and methods
	Animals and management
	Milk samples analyzing
	Accumulate samples
	Lactoferrin quantitation
	Milk somatic cell count determination
	Hematological analysis
	Sample collection
	Blood biochemicals
	Complete blood count analysis
	Statistical analysis

	Results
	Lactoferrin level (μg/ml) at early lactation
	Somatic cell count (SCC; cells/ml) for the period of early lactation
	Lactoferrin level (μg/ml) and somatic cell counts (SCC; cells/ml) relation
	Milk yield and composition
	Blood biochemical
	Complete blood count parameters

	Discussion
	Conclusion

	References

