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Abstract 

Blood biochemical profiles during the ovarian cycle provide valuable information for enhancing animal reproductive 
performance. This research specifically compared total protein and cholesterol profiles of purebred Saanen does 
maintained in tropics during follicular and luteal phases. Twelve clinically healthy second-lactation does (average body 
weight of 60 kg) without hormonal synchronization treatment were used in this study. The does were classified into 
two ovarian cycle groups, follicular (n=6) and luteal (n=6) phase, determined based on estrus stages using vaginal smear 
method. Blood samples were collected three times prior to morning feeding across two consecutive estrus cycles. The 
blood samples were further analyzed for biochemical profiles including total protein (TP) and cholesterol (CHOL) based 
on spectrophotometry method. The concentrations of TP and CHOL between the follicular and luteal phases were 
compared statistically using an independent sample T-test. Results indicated that the mean TP and CHOL levels in the 
follicular phase were 7.36±0.29 g/dL and 109.20±17.38 mg/dL respectively, while in the luteal group these values 
were 6.99±1.67 g/dL and 62.02±11.76 mg/dL respectively. Both total protein and cholesterol concentrations in this 
study remained within normal physiological ranges. Although no significant differences were observed in total protein 
levels between follicular and luteal phases, cholesterol concentrations were significantly higher during the follicular 
phase (p<0.05).  
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1. Introduction

Goats demonstrate diverse response and varying capacities for adaptation to different climatic condition [1]. The 
Saanen dairy goat (Capra hircus), originally bred in temperate regions, has been developed and introduced in Indonesia 
to enhance its adaptability and productivity under tropical environments. However, extrinsic factors particularly such 
as feed availability [1,2], nutritional status [3,4], and environmental stressors [1,5,6] profoundly influence reproductive 
performance, which remains a critical determinant of efficiency, productivity, and economic viability in dairy goat 
systems [7]. In female goats, feed availability and its quality directly affect reproductive traits, including litter size, age 
at first kidding, kidding interval, and lactation length [8]. Moreover, nutritional deficiencies and imbalances can disrupt 
endocrine function, reduce estrus rates, impair ovarian activity, and consequently lower reproductive success [3,9,10]. 
Under tropical condition, high ambient temperatures further exacerbate these reproductive challenges by inhibiting 
ovarian follicle growth, oocyte maturation, embryo development, and conception rates [6]. Therefore, understanding 
the adaptive response of purebred Saanen does to such extrinsic factors in tropical environments is essential to improve 
their reproductive efficiency and ensure sustainable dairy goat production in Indonesia. 
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The ovarian cycle is consisted of two principal phases [11]: 1). the follicular phase, characterized by follicular waves 
development leading to ovulation, and 2). the luteal phase, extending from corpus luteum formation to regression 
[12,13]. Vaginal smear has been widely applied as a non-invasive diagnostic technique to identify these cyclic phases 
[14,15] , by evaluating vaginal epithelial cell morphology of parabasal, intermediate, and superficial cells, which vary in 
estrus cycle under the influence of sex hormones [16,17]. During estrus, keratinized superficial cells dominate the 
smear, whereas intermediate cells predominate during metestrus or diestrus, and parabasal cells are more abundant 
during proestrus [18–20]. The follicular phase encompasses proestrus and estrus stages, while the luteal phase includes 
metestrus and diestrus [21]. These cytological patterns reflect underlying endocrine dynamics and provide valuable 
physiological indicators of reproductive status in does.  

Blood biochemical profiling complements vaginal cytology by providing insights into the physiological and metabolic 
processes associated with reproduction. Blood biochemical profiles reveal essential information about the health status, 
nutritional condition, and fertility of dairy animals [2,22]. Profiling specific serum metabolites linked to protein, lipid, 
and carbohydrate metabolism helps assess nutritional status and reproductive potential [23]. Serum total protein 
reflects dietary protein intake and helps detect physiological abnormalities [24]. It is associated with gonadotropin-
releasing hormone (GnRH) regulation, which influences ovarian activity [3,25]. Cholesterol functions as a precursor for 
steroid hormone synthesis [26], and varies across the estrus cycle, gestation, and lactation, while also serving as an 
energy source during lactation [27,28]. Variations in blood biochemical parameters are influenced by several factors, 
including breed, age, sex, genetics, stress, reproductive status, physiological status, nutrition, and environmental factors 
[29,30]. Despite extensive research on the effects of nutrition and environment on reproductive physiology, the 
influence of different ovarian cycle phases on blood biochemical parameters in Saanen does under tropical conditions 
remains poorly understood. Therefore, this study aimed to compare the blood biochemical profiles (total protein and 
cholesterol) of purebred Saanen does during the follicular and luteal phases of the ovarian cycle, in order to provide a 
better understanding of their development in tropical region.  

2. Materials and Methods 

2.1. Experimental subjects and design 

Twelve clinically healthy purebred Saanen does in their second lactation were used in this study, with an average body 
weight of 60 Kg. All animals were confirmed free of detectable reproductive disorders and exhibited natural estrus 
without hormonal synchronization. They were maintained under uniform management practices at the Center for 
Superior Cattle Breeding and Forage Animal Feed Baturraden (BBPTU-HPT Baturraden) Indonesia (7°18′08.5″S, 
109°15′13.4″E), characterized by average temperatures of 22.8°C and 84.4% relative humidity. Animals received a 
standardized local diet consisting of Calliandra calothyrsus, Penissetum purpureum cv. Mott, and concentrate with ad-
libitum water access. Animals were classified into two groups based on their ovarian cycle status, follicular (n=6) and 
luteal (n=6). Blood samples were collected from both groups, with status of follicular and luteal phases reconfirmed 
simultaneously using vaginal smear.  

2.2. Vaginal smear sampling and observation 

Vaginal smears were collected by gently rolling wet sterile cotton swabs against each animal’s vaginal mucosa, then 
immediately transferred on glass microscope slides. Slides with smear materials were air-dried, fixed in 70% alcohol 
for 7 minutes, and stained with 3% Giemsa solution for 45 minutes [20]. Percentages of parabasal, intermediate, and 
superficial cells on slides were quantified at 100× microscope magnification, with follicular and luteal phases classified 
according to Grunet’s criteria [11,31] at the Laboratory of Animal Physiology and Reproduction, Faculty of Animal 
Science, Universitas Gadjah Mada. 

2.3. Blood sampling and biochemical measurement 

Blood samples (3 mL each) were aseptically collected from the jugular vein of each doe prior to morning feeding. 
Sampling was conducted three times at 18-day intervals over two consecutive estrus cycles (totaling 36 days). Samples 
were transferred to EDTA-anticoagulant tubes, centrifuged at 3000 rpm for 15 min to obtain serum.  Serum total protein 
and cholesterol were analyzed using Biuret and CHOD-PAP method [28,32]. All analyses were conducted using DiaSys 
clinical chemistry reagents with spectrophotometric detection at the Integrated Research and Testing Laboratory, 
Universitas Gadjah Mada.  
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2.4. Ethical statement 

All experimental procedures including animal handling, vaginal smear, and blood sampling, complied with the 
institutional standard operating procedures and ethical regulations of BBPTU-HPT Baturraden. 

2.5. Statistical analysis 

Data of total protein and cholesterol profiles between the follicular and luteal groups were compared statistically using 
an independent sample T-test model of Statistical Package for the Social Sciences (SPSS Version 27). Statistical 
significance was accepted at p<0.05. 

3. Results and Discussion 

3.1. Evaluation of vaginal smear during ovarian cycles 

Vaginal smear analysis in this study identified three primary epithelial cell types: parabasal, intermediate, and 
superficial, as illustrated in Figure 1. Each cell type exhibited characteristic morphologies that corresponded to distinct 
phases of the estrus cycle, as detailed in Table 1.  

 

Figure 1 Vaginal epithelial’s cell during estrus cycle; (a) parabasal, (b) intermediate, (c) superficial. 

 

Table 1 Predominance of vaginal epithelial cells due to ovarian cycles 

 Group 1. Follicular phase Group 2. Luteal phase 

Saanen 
does 
(n=6) 

PC  

(%) 

IC 

(%) 

SC 

(%) 

Estrus 
cycle 
phase 

Saanen 
does 
(n=6) 

PC 

(%) 

IC 

(%) 

SC 

(%) 

Estrus 
cycle 
phase 

1 - 7.79±7.23 92.21±7.23 Estrus 1 90.38±5.00 9.62±5.00 - Diestrus 

2 - 12.75±3.79 87.25±3.79 Estrus 2 89.93±1.01 10.07±1.01 - Diestrus 

3 25.93±6.42 68.52±3.21 5.56±5.56 Proestrus 3 91.16±0.44 8.84±0.44 - Diestrus 

4 23.33±8.82 71.67±4.41 5.00±4.41 Proestrus 4 92.48±3.12 7.52±3.12 - Diestrus 

5 22.69±2.52 68.63±1.75 8.68±1.19 Proestrus 5 90.56±0.96 9.44±0.96 - Diestrus 

6 - 11.61±3.55 88.39±3.55 Estrus 6 87.41±6.79 12.59±6.79 - Diestrus 

Abbreviation: PC=parabasal cells, IC=intermediate cells, and SC=superficial cells. 

Parabasal cells were observed as small, round to ovoid forms with large nuclei (Fig. 1a). Intermediate cells displayed 
round to elliptical shapes, occasionally polygonal or irregular, accompanied by relatively smaller nuclei (Fig. 1b). 
Superficial cells were markedly flattened irregular contours, including anucleated or keratinized variants (Fig. 1c). 
Quantitative cytological composition delineated phase-specific patterns (Table 1). According to Table 1, proestrus was 
characterized by a high proportion of intermediate cells, recorded at 68.52%, 68.63%, and 71.67%, alongside a 
moderate presence of parabasal cells at 25.93%, 22.69%, and 23.33%. This combination highlighted the transitional 
build-up of epithelial layers during this early follicular stage. During estrus, superficial cells clearly dominated at 



World Journal of Biology Pharmacy and Health Sciences, 2026, 25(02), 001-007 

4 

87.25%, 88.39%, and 92.21%, accompanied by small numbers of residual intermediate cells (12.75%, 11.61%, and 
7.79%) and a complete absence of parabasal cells. The transition from parabasal to superficial cells occurs due to 
elevated blood estrogen levels [20,31]. The rise in superficial cell numbers during estrus results from estrogen's 
influence, which boosts glycogen secretion and accumulation within the vaginal lumen [33]. In diestrus, the composition 
shifted markedly to predominantly parabasal cells (87.41%–92.48%), with only minor contributions from intermediate 
cells (7.52%–12.59%) and no superficial cells presented. These changes aligned well with the progesterone effects 
during luteal phase [31,33]. During metestrus and diestrus, corpus luteum formation elevates progesterone 
concentrations while simultaneously reducing estrogen levels [20]. These observation results were consistent with 
earlier findings reported in exfoliative cytology studies [19,20,34], which documented dynamic shifts across the estrus 
cycle: Intermediate cell percentages reached their highest levels during proestrus before decreasing in estrus. Parabasal 
cells increased during metestrus and diestrus, while their numbers decreased in proestrus and were completely absent 
in estrus. Superficial (or cornified) cell percentages rose during late proestrus and peaked in estrus, then declined in 
metestrus and disappeared entirely by diestrus [19,20,35,36].  

3.2. Evaluation of blood biochemical during ovarian cycles 

Table 2 presents the comparative profiles of serum total protein (TP) and cholesterol (CHOL) concentrations between 
the follicular and luteal phases of the ovarian cycle in purebred Saanen does.  

Table 2 Blood biochemical profiles during ovarian cycles 

Saanen 

does (n=6) 

Group 1. Follicular phase Saanen 

does (n=6) 

Group 2. Luteal phase 

TP 

(g/dL) 

CHOL 

(mg/dL) 

TP 

(g/dL) 

CHOL 

(mg/dL) 

1 7.77±1.10 139.10±38.79 1 7.66±2.39 49.60±6.57 

2 7.26±1.90 100.60±10.60 2 7.91±0.46 69.30±14.50 

3 7.60±1.41 94.90±2.42 3 6.91±0.46 61.70±5.21 

4 7.40±1.46 101.00±3.73 4 7.53±0.24 76.50±25.26 

5 7.00±0.46 98.20±14.50 5 3.70±3.73 68.30±16.89 

6 7.10±0.24 121.40±25.26 6 8.20±2.06 46.70±8.27 

Average 7.36±0.29 109.20±17.38* Average 6.99±1.67 62.02±11.76* 

     Abbreviation: TP=total protein, and CHOL=cholesterol; *Different superscripts indicated significant difference (P<0.05). 

The mean TP concentration during the follicular phase was recorded at 7.36±0.29 g/dL, while the luteal phase exhibited 
a mean value of 6.99±1.67 g/dL. Independent T-test analysis showed no statistically significant difference in TP levels 
between these phases (p>0.05). These findings aligned with previous research on Saanen-Ettawah crossbred does, 
which also reported no significant differences in TP between follicular and luteal phases [22].  Importantly, both TP 
values obtained in this study remained within the established normal reference range of 6.11 to 7.01 g/dL for Saanen 
goats [37]. The slightly elevated TP level observed in the follicular phase (7.36 g/dL) remained below previously 
reported values of 7.56 g/dL for mature Saanen does (>8 months of age) [38]. It was suspected that local diets provided 
in BBPTU-HPT Baturraden suitable in term of nutrient quantity and quality, since normal concentrations of total protein 
are attributed to high quality diet and health status [39]. Further investigations into protein intake and nitrogen 
utilization [3] are needed to accurately assess this animals' nutritional, reproductive, and overall health status. 

Profiles of CHOL in the follicular and luteal phases were 109.20±17.38 mg/dL and 62.02±11.76 mg/dL, respectively, 
and performing in normal reference ranges, which are 80 to 130 mg/dL [37]. The CHOL concentration was differed 
(p<0.05) in each ovarian cycle group. These findings in line with the previous research about Saanen-Ettawah crossbred 
does [22], which was found higher cholesterol in the follicular phase. Similarly, in Bligon goats research was found 
tendency for an increase of cholesterol profiles in the follicular phase rather than luteal phase [40]. The higher 
cholesterol levels observed in the follicular phase might be associated to sampling does at the end of estrus, showing 
blood cholesterol peaks at the late follicular phase before declining into the luteal phase [22]. Since cholesterol is the 
precursor of ovarian steroids, lower cholesterol levels during luteal phase may be a result of enhanced utilization by 
steroidogenesis [41]. Blood cholesterol levels are regulated through four key processes: dietary absorption, endogenous 
synthesis in the liver, excretion as neutral steroids and bile acids, and uptake/release by peripheral tissues [42].  
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4. Conclusion  

In conclusion, concentrations of total protein and cholesterol recorded during both follicular and luteal phases in this 
study remained within established normal physiological ranges. This study highlights that cholesterol levels were 
significantly elevated during the follicular phase, whereas total protein showed no significant differences between 
phases. These findings warrant further validation through comprehensive analyses of blood biochemistry, hormonal 
profiles, and nutritional balance to better elucidate the underlying physiological mechanisms. 
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