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The transition period in small ruminants, particularly the final stage of pregnancy and the 

early postpartum phase, is a critical stage often associated with electrolyte imbalances. 

This study aimed to evaluate the serum electrolyte concentrations in Raini Cashmere 

goats during this period. Blood samples were collected weekly from the jugular vein of 

twenty-four pregnant goats throughout the six-week transition phase. The results 

revealed significant differences in serum electrolyte concentrations before and after 

parturition (p<0.05). The lowest levels of most electrolytes were recorded one week 

postpartum. Serum calcium levels showed a steady decline from three weeks prepartum 

to one week postpartum, then returned to baseline values within the following two weeks. 

Phosphorus and sodium exhibited similar trends, while potassium and chloride levels 

increased significantly during the recovery phase. Magnesium concentrations gradually 

rose throughout the period, reaching their peak two weeks postpartum. These findings 

highlight the dynamic changes in electrolyte status during the transition period in Raini 

Cashmere goats, emphasizing the importance of nutritional management and 

supplementation to prevent deficiencies and support health during this critical stage. 
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Introduction 

The goat, as a domestic ruminant, is 

raised in different parts of the world and 

plays a crucial role in the livelihood of 

rural and nomadic households. This 

animal produces various products 

including meat and milk (Cappai et al., 

2019; Ferreira et al., 2021). Besides 

being a source of food, goats also 

produce useful skin and valuable 

cashmere in some countries such as Iran. 

Raini Cashmere goats are considered 

one of the most significant goat breeds in 

Iran, producing a very soft, delicate, and 

light cashmere, with a high international 

trade value. There are about 5 million 

cashmere goats in Iran, corresponding to 

20% of the total world population of this 

breed (Baghizadeh et al., 2009, 

Shamsaddini Bafti and Mozaffari, 

2012). The need for energy and nutrients 

significantly increases during the 

transition period (three weeks before to 

three weeks after parturition), as a result 

of physiological changes to support the 

fetal and kid development (Cappai et al., 

2019; Zamuner et al., 2020). 

Electrolytes play a crucial role in the 

physiological processes of animals, 

serving as essential ions that facilitate a 

range of biological functions. These 

charged particles, including sodium, 

potassium, calcium, magnesium, and 

chloride are vital for maintaining fluid 

balance, transmitting nerve impulses, 

and supporting muscle contraction 

(Yadav et al., 2024). In particular, 

electrolytes help regulate membrane 

potential in neurons and muscle cells, 

making them critical for neuromuscular 

function (Grimm et al., 2021). 

Electrolytes imbalance occurs in the 

transition period, due to stress, oxidative 

factors, and free radicals as well as 

negative energy balance, which leads to 

kidney disorders, cardiac arrhythmias, 

dehydration, and shock (Gałęska et al., 

2022). Evaluation of biochemical 

parameters such as electrolytes are 

important tools that provide valuable 

data on the health and welfare of animals 

(Fowlie et al., 2020). There is little 

information about the serum levels of 

electrolytes in transition goats, 

especially in the Raini Cashmere breed; 

therefore, the present study aimed to 

evaluate the concentration of serum 

electrolytes in Raini cashmere goats 

during the transition period. 

 

Materials and methods 

Study area 

The present study was performed in Baft 

city, located in the southeast of Iran at 

29°14′06″N and 56°35′56″E and height 

of 2270 meters above sea level. The 

climate of the study area consists of two 

different regions as follows: i) the north 

and the center of the city with a 

mountain climate, from which most of 

the water of Halil Dam originates, and ii) 

the south with a climate specific to 

tropical regions. The temperature varies 

between +10 ⁰C and +35⁰C during the 

year, and the amount of rainfall is 320 

mm in the mountainous areas and 180 

mm in the plain areas . 
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Study of animal 

The number of 24 adult pregnant goats 

of the Raini Cashmere breed, 2-3 years 

old, were selected from Baft city, 

Southeast Iran. The clinical status of the 

goats (general body condition, 

temperature, pulse, breathing, mucous 

membranes in the eyes, oral mucosa, or 

vaginal mucosa) was examined to 

confirm their health. The gtanimals 

received anti-parasitic treatment and 

were kept in the open-shed system with 

easy access to water and food. 

Additionally, their diet was balanced and 

did not change during the sampling 

period. To detect pregnancy, an 

ultrasound was used, and the gestational 

age of the goats was determined. The 

animals were then entered into the study 

21 days before parturition. 

 

Sampling 

Blood samples were collected from the 

jugular vein of the animal once every 

week. The samples were transferred to 

the laboratory and kept at 25⁰C to 

separate the serum. Serum samples were 

then harvested after centrifugation at 

6000 rpm for 20 minutes by Behdad 

Company (Iran، Tehran) and sent to the 

biochemical and hormonal departments 

of the laboratory to evaluate the 

concentration of electrolytes including 

sodium, chloride, potassium by Jokoh 

electrolyte analyzer, EX-CA (Japan, 

Tokyo), calcium, magnesium, and 

phosphorus by BT3500 autoanalyzer 

system, Biotecnica (Italy, Rome). All 

tests were done by using the automatic 

calorimetric method and approved kits 

by Pars Azmoon (Iran, Tehran). 

Statistical analysis 

Data analyses were performed by SPSS 

software version 22. Data were 

presented as mean ± standard deviation. 

One-way ANOVA with repeated 

measures over time was employed to 

analyze data. Moreover, the means were 

compared by the post-hoc Tukey test. P 

-values below 0.05 were considered 

statistically significant. 

 

Results 

Data analysis demonstrated that the 

highest level of electrolytes in serum 

samples of study animals belonged to 

sodium, followed by chloride. Normal 

serum magnesium and phosphorous levels 

were determined as 2.01 to 3.96 mg/dL 

and 2.42 to 7.00 mg/dL, respectively, and 

were considered as the lowest levels. 

However, the latter parameters were in the 

maximum dispersion (%16.25), which 

indicated significant changes in their levels 

(Table 1). 

 
 

Table 1: Total levels of electrolytes in serum of studied goats during the transition period. 

Variables 
Minimum 

concentration 

Maximum 

concentration 
Mean 

Standard 

Deviation (SD) 

Changes 

index (%) 

Calcium (mg/dL) 6.10 9.80 8.21 0.99 12.5 

Phosphorus (mg/dL) 2.42 7.00 4.34 1.33 16.25 

Sodium (mEq/L) 137.00 157.00 144.44 6.61 4.57 

Potassium (mEq/L) 4.00 5.20 4.28 0.25 5.84 

Chloride (mEq/L) 107.00 131.00 114.39 4.83 4.22 

Magnesium (mg/dL) 2.01 3.96 2.83 0.46 16.25 
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Table 2 indicated that the level of most 

serum electrolytes varied significantly 

during the transition period (p<0.05). 

The serum concentration of all 

electrolytes (except for magnesium) was 

at its lowest level one week after 

parturition. Furthermore, the level of 

calcium showed a downward trend from 

three weeks before parturition 

(9.40±0.15) to one week after 

(7.01±0.34); then, reached the same 

value as at the beginning of the period 

during the next two weeks (8.76±0.13 

mg/dL). Similarly, the concentration of 

phosphorus and sodium also had the 

same trend during the period. It is worth 

noting that, despite showing a 

decreasing trend up to one week after 

parturition (4.02±0.02 and 109.5±0.7 

mEq/liter, respectively), potassium and 

chloride levels had a significant upward 

trend during the recovery period. The 

level of magnesium in the serum 

increased from the beginning of the 

period to the end, and its maximum was 

observed two weeks after parturition 

(3.36±0.20 mg/dL). 

 

Table 2: The mean electrolyte levels during the transition period of the studied goats. 

Variables 
Time (week) 

p-value 
- 3* - 2 - 1 + 1 + 2 + 3 

Calcium 9.40± 0.15 8.43±0.23 7.51±0.41 7.01±0.34 8.16±0.22 8.76±0.13 0.000 

Phosphorus 5.01±0.49 4.43±0.51 4.25±0.55 3.49±0.54 4.48±0.63 4.40±0.57 0.000 

Sodium 153.2 ±2.3 151.5 ±2.3 140.2 ±1.0 138.7 ±0.66 142.2 ±0.2 141±0.44 0.000 

Potassium 4.36±0.05 4.25±0.06 4.11±0.04 4.02±0.02 4.43±0.17 4.51±0.05 0.000 

Chloride 115.3 ±0.9 113.5 ±0.9 111.5 ±0.9 109.5 ±0.7 114.7 ±1.1 121.8 ±2.2 0.010 

Magnesium 2.33±0.09 2.56±.0.09 2.76±0.07 2.82±0.08 3.36±0.2 3.18±0.18 0.003 

*Before (-) and After (+) Parturition  

 

Discussion 

The transition period is a sensitive time 

at the end of the pregnancy stage of 

animals, in which, dairy animals 

experience most metabolic and 

reproductive challenges such as 

electrolyte imbalance (Van Saun, 2016; 

Tosto et al., 2021). Electrolytes play a 

significant role in maintaining 

intracellular and extracellular fluid 

distribution; electrical conductivity, clot 

formation, energy production as well as 

muscle contraction, and their imbalance 

has negative impacts on animal health 

and production (Satué et al., 2021; 

Gałęska et al., 2022). The analysis of 

serum electrolyte levels in animals 

provides valuable insights into the 

physiological changes that occur during 

the transition period (Kirsch et al., 

2019). 

The results of the present study indicated 

that the level of studied electrolytes 

varied significantly during the transition 

period, showing a decreasing trend up 

until the parturition, followed by an 

increase thereafter, which is in parallel 

with previous studies (Zamuner et al., 

2020; Guebli et al., 2025). The decrease 

in the level of electrolytes before 

parturition can be attributed to digestive 

problems, defects in digestion and 

absorption of electrolytes, use of 

cationic and inappropriate diets, and 
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stress conditions (Manat et al., 2016). 

Moreover, the need for electrolytes 

increases in the transition period because 

both the fetus and the mother need them 

during pregnancy, resulting in the 

reduction of electrolytes in the body 

(García et al., 2000). After parturition, 

due to the lack of recall of electrolytes 

from the collection centers and reduced 

stress and increased appetite of the 

mother, the level of serum electrolytes 

gradually increases and returns to 

normal. In ruminants, the supply of 

serum salts and electrolytes is provided 

through the food ration. The uterus 

becomes larger during the pregnancy 

which reduces the volume of the rumen 

(Goff and Horst, 1997). On the other 

hand, stress in the transition period 

interferes with the pH of the rumen, 

leading to a decrease in the feed intake 

and then, a negative energy balance, a 

deficiency in electrolytes, and even 

pregnancy toxemia (Souto et al., 2013). 

Our data indicated that sodium was 

the predominant electrolyte, followed 

closely by chloride, which aligns with 

previous studies (Madan et al., 2020), 

emphasizing the role of sodium in 

maintaining osmotic balance and nerve 

function. The elevated serum sodium 

levels observed may reflect the body’s 

mechanism to prepare for the increased 

physiological demands that occur during 

lactation (Fazio et al., 2024). Chloride, 

being closely related, often mirrors 

sodium trends, affirming their co-

regulatory roles in extracellular fluid 

balance (Andrukhova and Erben, 2017). 

The present study revealed a steady 

increase in serum magnesium levels 

throughout the transition period, peaking 

two weeks after parturition, which could 

suggest a compensatory mechanism in 

response to initially low magnesium 

levels. Similarly, Kord et al. (2021), 

documented an increase in the 

concentration of magnesium in Lori-

Bakhtiari ewes in the last month of 

parturition. Conversely, a decrease in 

serum magnesium levels was observed 

in Sahel goats in the transition period 

(Waziri et al., 2019). It has been reported 

that magnesium-rich concentrates such 

as wheat bran, flax seed meal, and 

soybean meal are mainly used during 

this period (Marutsova and Marutsov, 

2018). Furthermore, the high 

concentration of magnesium in the soil, 

plants, and fodder of the study area is 

another reason for the stability of this 

element during the transition period.  

Recent studies have demonstrated 

that magnesium plays a crucial role in 

enzymatic reactions, and its deficiency 

can lead to suboptimal lactation 

performance and muscle dysfunction 

(Pinotti et al., 2021). 

The calcium levels showed a distinct 

downward trend from three weeks pre-

partum (9.40 ± 0.15 mg/dL) to just one-

week post-partum (7.01±0.34 mg/dL), 

before recovering to baseline levels. 

This finding is consistent with results 

from previous studies ( Soares et al., 

2018; de Paula Cajueiro et al., 2021) 

which reported the lowest value of 

calcium at parturition. In the initial 

stages of lactation, decreased dry matter 
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intake, coupled with physiological 

changes in females during the transition 

period lead to a reduced intake of 

calcium (Smith and Sherman, 2009). 

The subsequent rise in calcium levels as 

the animals transitioned into the 

recovery phase is indicative of 

successful dietary or physiological 

adaptation to increased demands. 

In the present study, phosphorus 

levels demonstrated a trend analogous to 

that of magnesium, with a notable 

decline immediately post-partum 

(4.02±0.02 mg/dL). Similar findings 

were reported by Tharwat and Sobayil 

(2015). However, Waziri et al. (2010) 

found no significant changes in 

phosphorus levels in dairy goats. Recent 

studies suggest that phosphorus 

requirements increase during lactation 

due to its integral role in energy 

metabolism and skeletal health ( Kulcu 

and Yur, 2003). The significant decline 

observed could also point to the 

possibility of inadequate dietary 

phosphorus during late gestation. 

As reported by Madan et al. (2020), 

potassium levels in the current study 

presented a counterintuitive trend. 

Despite its decline following parturition, 

potassium showed significant increases 

during the recovery period. Similarly 

Kulcu and Yur (2003) reported a 

decrease and an increase in potassium 

levels before and after parturition, 

respectively, suggesting that the 

reducing trend during this period is due 

to the increased needs of the fetus. 

Furthermore, this dynamic could reflect 

the role of potassium as a crucial player 

in muscle and nerve function (Arnold et 

al., 2019), wherein demand spikes post-

parturition as the body recuperates. 

Recent studies indicate that potassium 

homeostasis is vital during the stress of 

lactation (Skrzypczak et al., 2014; 

Udensi and Tchounwou, 2017) and may 

explain the observed rise as 

physiological functions normalize. A 

large number of factors such as species, 

type or breed, gender, age, nutrition, and 

health status, as well as seasonal and 

physiological changes, can affect serum 

electrolytes (Yokus and Cakir, 2006; 

Durak et al., 2015). 

 

Conclusion 

The results of the present study showed 

that there is a significant difference in 

the concentration of serum electrolytes 

of Raini Cashmere goats in the transition 

period. This study indicated that the 

level of all serum electrolytes (except for 

magnesium) varied significantly during 

the transition period. Serum electrolytes 

and trace minerals participate in many 

important catalytic, enzymatic and 

structural functions of higher 

vertebrates, and their concentration in 

mammals depends on several 

environmental and biological 

conditions. If these electrolytes decrease 

around parturition, the possibility of 

metabolic diseases and complications 

increases. Therefore, it is possible to 

prevent the reduction of minerals and 

nutrients needed during the transition 

period by providing more information 

about the needs of livestock in each stage 

of rearing. 

 

 

https://injvr.com/search.php?slc_lang=en&sid=1&author=Gholobi


International Journal of Veterinary Research 6(1) 2026                              135 

 

 

References 

Andrukhova, O.V. and Erben, R.G., 

2017. Kidney–bone: interaction. In: 

Bone Toxicology, pp. 335–362. 

Arnold, R., Pianta, T.J., Pussell, B.A., 

Endre, Z., Kiernan, M.C. and 

Krishnan, A.V., 2019. Potassium 

control in chronic kidney disease: 

implications for neuromuscular 

function. Internal Medicine Journal, 

49(7), 817–825. 

https://doi.org/10.1111/imj.14457 

Baghizadeh, A., Bahaaddini, M., 

Mohamadabadi, M. and Askari, N., 

2009. Allelic variations in exon 2 of 

Caprine MHC class II DRB3 gene in 

Raeini Cashmere goat. American–

Eurasian Journal of Agricultural & 

Environmental Sciences, 6, 454–459. 

Cappai, M.G., Liesegang, A., 

Dimauro, C., Mossa, F. and Pinna, 

W., 2019. Circulating electrolytes in 

the bloodstream of transition Sarda 

goats make the difference in body 

fluid distribution between single vs. 

twin gestation. Research in 

Veterinary Science, 123, 84–90. 

https://doi.org/10.1016/j.rvsc.2018.1

2.016 

De Paula Cajueiro, J.F., Souto, R.J.C., 

de Melo, E.H., Carvalho, C.C.D., 

da Silva, R.J., Soares, P.C. and et 

al., 2021. Influence of calcium 

concentrations on the metabolic 

profile of dairy goats during the 

transitional period. Research, Society 

and Development, 10(11), 

e308101119462-e. 

Durak, M., Erkan, R., Çelik, R., 

Yokuş, B., Kurt, D. and Gürgöze, 

S., 2015. The effects of age and 

gender on some biochemical serum 

parameters in Zom sheep raised in the 

vicinity of Karacadağ. Israeli Journal 

of Veterinary Medicine, 70(2), 33–39. 

Fazio, E., Bionda, A., Attard, G., 

Medica, P., La Fauci, D., Amato, A. 

and et al., 2024. Effect of the 

lactation phases on the amplitude of 

variation in blood serum steroid 

hormones and some hematochemical 

analytes in three dairy cow breeds. 

Animals, 14(22), 3336. 

Ferreira, J., Silveira, R.M.F., de 

Sousa, J.E.R., de Vasconcelos, 

A.M., Guilhermino, M.M. and 

Façanha, D.A.E., 2021. Evaluation 

of homeothermy, acid-base and 

electrolytic balance of black goats 

and ewes in an equatorial semi-arid 

environment. Journal of Thermal 

Biology, 100, 103027. 

https://doi.org/10.1016/j.jtherbio.202

1.103027 

Fowlie, S., Spence, S., Roberts, E. and 

Ramsey, I., 2020. Electrolyte 

measurements differ between point-

of-care and reference analyzers in 

dogs with hypoadrenocorticism. 

Journal of Small Animal Practice, 

61(10), 599–608. 

García, M.J., Alegría, A., Barberá, R., 

Farré, R. and Lagarda, M.J., 2000. 

Selenium, copper, and zinc indices of 

nutritional status: influence of sex 

and season on reference values. 

Biological Trace Element Research, 

73, 77–83. 

Gałęska, E., Wrzecińska, M., 

Kowalczyk, A. and Araujo, J.P., 

2022. Reproductive consequences of 

electrolyte disturbances in domestic 

animals. Biology, 11(7), 1006. 

Goff, J. and Horst, R., 1997. 

Physiological changes at parturition 

and their relationship to metabolic 



136 Gholobi et al., Evaluation of serum electrolyte concentrations in raini cashmere goats during the  ...  

 

disorders. Journal of Dairy Science, 

80(7), 1260–1268. 

Grimm, L.M., Humann-Ziehank, E., 

Zinne, N., Zardo, P. and Ganter, 

M., 2021. Analysis of pH and 

electrolytes in blood and ruminal 

fluid, including kidney function tests, 

in sheep undergoing long-term 

surgical procedures. Acta Veterinaria 

Scandinavica, 63, 1–10. 

Guebli, B., Smail, F., Ferras, N., 

Benahmed, M., Aiche, S., 

Benachenhou, R. and et al., 2025. 

Assessment of mineral profile in 

Algerian Arbia goats across 

reproductive phases: Implications for 

reproductive performance. Polish 

Journal of Veterinary Sciences, 

28(1), 123–131. 

Kirsch, K., Detilleux, J., Serteyn, D. 

and Sandersen, C., 2019. 

Comparison of two portable clinical 

analyzers to one stationary analyzer 

for the determination of blood gas 

partial pressures and blood 

electrolyte concentrations in horses. 

PLoS One, 14(2), e0211104. 

https://doi.org/10.1371/journal.pone.

0211104 

Kord, A., Kheradmand, A., Rocky, A. 

and Khaldari, M., 2021. 

Investigation of some blood 

biochemical parameters changes in 

pregnant Lori-Bakhtiari ewes during 

different months of pregnancy. 

Animal Production, 23(4), 515–524. 

(In Persian, Abstract in English). 

Kulcu, R. and Yur, F., 2003. A study of 

some serum mineral levels before and 

during pregnancy and during 

lactation period of sheep and cattle. 

Biological Trace Element Research, 

92, 275–279. 

Madan, J., Sindhu, S. and Rose, M.K., 

2020. Changes in plasma biochemical 

parameters and hormones during 

transition period in Beetal goats 

carrying single and twin fetus. 

Veterinary World, 13(6), 1025. 

Manat, T.D., Chaudhary, S.S., Singh, 

V.K., Patel, S.B. and Puri, G., 2016. 

Hematobiochemical profile in Surti 

goats during post-partum period. 

Veterinary World, 9(1), 19. 

Marutsova, V. and Marutsov, P., 

2018. Subclinical and clinical ketosis 

in sheep–relationships between body 

condition scores and blood β-

hydroxybutyrate and non-esterified 

fatty acids concentrations. 

Traditional and Modern Veterinary 

Medicine, 3, 30–36. 

Pinotti, L., Manoni, M., Ferrari, L., 

Tretola, M., Cazzola, R. and 

Givens, I., 2021. The contribution of 

dietary magnesium in farm animals 

and human nutrition. Nutrients, 

13(2), 509. 

https://doi.org/10.3390/nu13020509 

Satué, K., Fazio, E., Muñoz, A. and 

Medica, P., 2021. Endocrine and 

electrolyte balances during 

periovulatory period in cycling 

mares. Animals, 11(2), 520. 

Serna, J. and Bergwitz, C., 2020. 

Importance of dietary phosphorus for 

bone metabolism and healthy aging. 

Nutrients, 12(10), 3001. 

https://doi.org/10.3390/nu12103001 

Shamsaddini Bafti, M. and Mozaffari, 

A., 2012. Normal hematological 

parameters in Iranian cashmere 

(Raini) goats. Comparative Clinical 

Pathology, 21, 1653–1655. 

Skrzypczak, W., Kurpińska, A., 

Stański, Ł. and Jarosz, A., 2014. 

Sodium, potassium and chloride 

https://injvr.com/search.php?slc_lang=en&sid=1&author=Gholobi


International Journal of Veterinary Research 6(1) 2026                              137 

 

 

homeostasis in cows during 

pregnancy and first months of 

lactation. Acta Biologica 

Cracoviensia Series Zoology, 58, 58–

64. 

Smith, M.C. and Sherman, D., 2009. 

Nutrition and metabolic diseases. In: 

Goat Medicine. 2nd ed., pp. 773–778. 

Soares, G., Souto, R., Cajueiro, J., 

Afonso, J., Rego, R., Macêdo, A. 

and et al., 2018. Adaptive changes in 

blood biochemical profile of dairy 

goats during the period of transition. 

Revista Médica Veterinária, 169, 65–

75. 

Souto, R.J., Afonso, J.A.B., 

Mendonça, C.L., Carvalho, C.C., 

Silva Filho, A.P., Cajueiro, J.F. and 

et al., 2013. Achados bioquímicos, 

eletrolíticos e hormonais de cabras 

acometidas com toxemia da prenhez. 

Pesquisa Veterinária Brasileira, 33, 

1174–1182. 

Tharwat, M., Ali, A. and Al-Sobayil, 

F., 2015. Hematological and 

biochemical profiles in goats during 

the transition period. Comparative 

Clinical Pathology, 24, 1–7. 

Tosto, M.S.L., Santos, S.A., da Costa 

Pinto Filho, R., de Carvalho 

Rodrigues, T.C.G., Nicory, I.M.C., 

de Carvalho, G.G.P. and et al., 

2021. Metabolic and behavior 

changings during the transition 

period as predictors of calving 

proximity and welfare of dairy goats. 

Veterinary and Animal Science, 11, 

100168. 

Udensi, U.K. and Tchounwou, P.B., 

2017. Potassium homeostasis, 

oxidative stress, and human disease. 

International Journal of Clinical and 

Experimental Physiology, 4(3), 111. 

Van Saun, R., 2016. Indicators of dairy 

cow transition risks: Metabolic 

profiling revisited. Tierarztliche 

Praxis Ausgabe G, 

Großtiere/Nutztieren, 44(2), 118–

126; quiz 27. 

Waziri, M.A., Ribadu, A.Y. and 

Sivachelvan, N., 2010. Changes in 

the serum proteins, hematological 

and some serum biochemical profiles 

in the gestation period in the Sahel 

goats. Veterinární Archiv, 80(2), 

215–224. 

Yadav, S., Yadav, J., Kumar, S. and 

Singh, P., 2024. Metabolism of 

macro-elements (Calcium, 

Magnesium, Sodium, Potassium, 

Chloride and Phosphorus) and 

associated disorders. In: Clinical 

Applications of Biomolecules in 

Disease Diagnosis: A Comprehensive 

Guide to Biochemistry and 

Metabolism, pp. 177–203. Springer. 

Yokus, B. and Cakir, U.D., 2006. 

Seasonal and physiological variations 

in serum chemistry and mineral 

concentrations in cattle. Biological 

Trace Element Research, 109, 255–

266. 

Zamuner, F., DiGiacomo, K., 

Cameron, A. and Leury, B., 2020. 

Endocrine and metabolic status of 

commercial dairy goats during the 

transition period. Journal of Dairy 

Science, 103(6), 5616–5628.

 

 


