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Abstract

:

Simple Summary


Newborn goat kids need to consume high-quality colostrum in the first hours after birth to ensure adequate transfer of passive immunity, through the absorption of immunoglobulins. However, some goats fail to produce high-quality colostrum, and tools for on-farm assessment of colostrum quality are needed. This work evaluated the quality of colostrum in Malagueña dairy goats, through measurement of immunoglobulin G (IgG), fat and protein concentrations in colostrum during the first 3 days after parturition. A handheld optical Brix refractometer, an instrument that is easy to use on the farm, was evaluated for accuracy to estimate colostrum quality. The optical Brix refractometer was found to be suitable for on-farm use to estimate the IgG content in the goat colostrum.




Abstract


Failure of passive immunity transfer is one of the main causes of increased susceptibility to infectious agents in newborn kids. To ensure successful transfer of passive immunity, kids need to be fed high-quality colostrum, containing an adequate concentration of IgG. This work evaluated the quality of colostrum obtained in the first 3 days postpartum from Malagueña dairy goats. The IgG concentration in colostrum was measured using an ELISA as a reference method, and it was estimated by optical refractometer. Colostrum composition in terms of fat and protein was also determined. The mean concentration of IgG was 36.6 ± 2.3 mg/mL, 22.4 ± 1.5 mg/mL and 8.4 ± 1.0 mg/mL on days 1, 2 and 3 after parturition, respectively. Brix values obtained using the optical refractometer were 23.2%, 18.6% and 14.1% for days 1, 2 and 3, respectively. In this population, 89% of goats produced high-quality colostrum with IgG concentrations of >20 mg/mL on the day of parturition, but this percentage declined dramatically over the following 2 days. The quality of the fresh colostrum estimated with the optical refractometer was positively correlated with those obtained using ELISA (r = 0.607, p = 0.001). This study highlights the importance of feeding first-day colostrum to newborn kids and demonstrates that the optical Brix refractometer is suitable for the on-farm estimation of IgG content in colostrum.
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1. Introduction


In recent years, goat milk production has reached around 10–12% of total milk production in Spain, where it is common to find productive systems based on autochthonous dairy breeds, such as the Murciano–Granadina, Malagueña and Florida breeds. Traditionally, goat kids were kept with their mothers, but numerous farms are nowadays using separation of kids and handfeeding. There are many factors involved in early mortality among newborn kids, such as low birth weight, premature births, multiple births, poor maternal ability and hypothermia. In addition, colostrum intake is the most important factor linked to high survival and growth rates of newborns. The goat placenta prevents the transfer of antibodies from maternal circulation to the fetus, and goat kids are therefore born without any specific immune protection. Absorption of immunoglobulins from colostrum in the first day of life is essential to obtain adequate humoral immunity. In addition, colostrum is a rich source of fat and other nutrients to help ensure survival in the first few days after birth. The composition of colostrum is influenced by factors such as parity, litter size, and breed [1,2,3]. Passive immune transfer depends on the immunoglobulin concentration in colostrum. IgA, IgG and IgM are contained in goat colostrum, but IgG is the most abundant, accounting for approximately about 85% of total immunoglobulins. The ability of the small intestinal enterocytes to absorb IgG from colostrum in the newborn kid is maximal just after birth but declines rapidly and is gone by approximately 24 h of age (gut closure) [4,5]. Whether a kid attains adequate transfer of passive immunity depends on the hours of age at colostrum ingestion, and the mass of IgG ingested, which is a function of both the IgG concentration of the colostrum (quality) and the volume ingested (quantity). Because not all goats produce colostrum with a high concentration of IgG, it is important to be able to measure the quality of colostrum fed to kids or stored in a frozen colostrum bank.



The literature describes different methods for the determination of IgG in goats colostrum such as RIA, electrophoresis, radial immunodiffusion (RID) or enzyme-linked immunosorbent assay (ELISA) [6,7], and on-farm tests to estimate the IgG values, as colostrometers, refractometers or color evaluation [8,9]. Around 24 h after parturition, IgG levels in goat colostrum have been reported to range from 10.6 mg/mL [10] to 73.7 mg/mL [11]. Currently, RID and ELISA tests are the most widely used and accurate methods for measuring the IgG concentration of colostrum [12,13]. Both techniques must be performed in the laboratory and samples are usually frozen prior to analysis. While the aforementioned techniques are precise and sensitive, they are expensive, time-consuming and not feasible for on-farm assessment of colostrum. There are few studies prospecting the use of refractometers to assess colostrum quality in goats, in contrast to the abundant scientific reports carried out in bovines [1,14,15,16,17]. Recently, optical and digital refractometers have been deployed for the estimation of IgG in goat colostrum [10,13,18]; these offer multiple advantages inasmuch as they are low-cost, rapid, easy and practical for on-farm application. Moderate and strong correlation has been reported in goat colostrum for IgG assessment by ELISA and the Brix values (total soluble solids) by refractometry [12,14,17]. However, other studies report no or weak correlation between Brix refractometry values and ELISA when different ELISA assays have been used to measure IgG concentration [13,19]. These differences could be explained by the methodological variations during the IgG measurement or by differences between instruments or ELISA kits used [13,17]. It is reported that colostrum is considered of good quality when it contains equal or higher than 20 mg/mL of IgG [17,18].



The aim of this study was to evaluate the quality of colostrum in Malagueña dairy goats during the first 3 days postpartum, determining the percentage of goats with optimal IgG levels. For this purpose, the ELISA test was used as a reference method to determine IgG content, and the accuracy of a portable optical Brix refractometer was evaluated.




2. Materials and Methods


2.1. Farm and Management


This study was conducted in Antequera (Málaga, Spain) (36°57′49″ N 4°32′44″ E), in a dairy goat farm with a total of 800 lactating Malagueña breed goats. Reproductive management on the farm is based on natural mating with only one parturition per year, in March. Parturition was monitored daily and the day after birth, the goats were marked and moved to another barn for milking. The kids remained with their mothers for 24 h after birth and they were then separated and relocated to an artificial suckling pen. After separation, the kids were hand fed with colostrum from their mothers for 2 days and then, they were milk fed and housed with older kids.




2.2. Experimental Design


A total of 16 goats were involved in this study. Colostrum was collected after parturition (considered as the day 1 sample). In cases where the birth took place at night, colostrum was collected the following morning (10:00–12:00 noon), and in the case of goats kidding during the course of the day, the samples were collected in the late afternoon. Colostrum was also collected from the mothers on the second and third days following parturition (10:00–12:00 noon).



Goats were hand-milked to obtain colostrum. The 2–3 first streams of milk were discarded to avoid the keratin plug and to minimize the risk of bacterial contamination from the teat canal. For collection, 15 mL plastic tubes were inclined 45° under the teat, preventing contact with the udder skin, and around 10 mL of colostrum was obtained from each teat (a total of 20 mL per goat) and mixed. Duplicate samples were obtained, and the tubes were marked for identification purposes.



After collection, fresh colostrum was assessed by an optical refractometer (Zuzi 300, Auxilab, Beriáin, Spain), working with a scale between 0 and 50%, to determine the Brix value. Before the measurement, the refractometer was tared using distilled water. Then, a drop of colostrum was placed on the glass prism and the Brix value was recorded. The analysis was repeated in duplicate. Colostrum was considered to be high in IgG content when the Brix values were greater than or equal to 20 [17]. All the tubes were frozen at −20 °C and stored pending analysis.



Frozen colostrum samples were thawed in a refrigerator (4 °C) for one day prior to assessment. IgG, fat, total protein and Brix were determined in the frozen–thawed samples. IgG content in colostrum was assessed using the goat IgG ELISA kit (Bethyl Laboratories Inc., Montgomery, MD, USA). Colostrum samples were diluted 1:500,000 with dilution buffer using the serial dilution technique, and standard solutions were also prepared. Then, IgG determination was conducted in accordance with the manufacturer’s instructions. Finally, the absorbance was measured at 450 nm using a microplate photometer (Multiskan FC, Thermo Scientific, San Jose, CA, USA). Colostrum was deemed to be of good quality when the IgG level was equal to or higher than 20 mg/mL using the ELISA [17,18]. To determine the Brix value in the frozen–thawed colostrum, samples were mixed and the same procedure as described above for fresh colostrum was applied. Furthermore, to determine the fat and protein contents in frozen–thawed colostrum samples, a milk analyzer (Julie Z9, Scope Electric, Regensburg, Germany) was used.




2.3. Statistical Analyses


Data were processed using IBM SPSS Statistics v. 25 software (Chicago, IL, USA). The Shapiro–Wilk test and Levene’s test were carried out to check the normality and homoscedasticity of the data for the studied parameters (Brix, IgG, fat and total protein). Since the data displayed a parametric distribution, ANOVA was carried out to compare differences between day 1, 2 and 3 after parturition. When significant differences were observed (p < 0.05), Duncan’s test was applied (a posteriori). The correlations between different parameters were analyzed using Pearson’s test (p < 0.001).



A receiver operating characteristics (ROC) curve analysis was applied to estimate the best cut-off point (using the Youden index) [20] for Brix values to differentiate colostrum containing values above or below 20 mg/mL. Fagan’s nomogram was used to estimate the post-test probabilities based on high or low Brix values [21].



Data are expressed as mean ± SEM and differences were considered as significant when p < 0.05 for all analyses.





3. Results


On day 1 (i.e., shortly after parturition), fresh colostrum exhibited a mean Brix value of 23.2 ± 0.9 [13.0–35.0]. Values decreased significantly (p < 0.001) on day 2 (18.6 ± 0.6 (12.0–27.0)) and day 3 (14.1 ± 0.3 (11.0–20.0)). It was observed that 71.8% of the goats had an adequate colostral IgG content based on a cutoff of 20% Brix value. However, this percentage fell to 43.6% on day 2 and only 2.6% of goats showed high IgG values in their colostrum at 3 days postpartum. Brix values obtained for frozen–thawed colostrum are shown in Table 1.



With regard to the IgG concentration of colostrum, the goats presented a mean value of 36.6 ± 2.3 mg/mL (15.7–72.0) after parturition, which decreased significantly (p < 0.001) on day 2 (22.4 ± 1.5 mg/mL (9.7–50.0)) and day 3 (8.4 ± 1.0 mg/mL (0–34.8)), as can be seen in Table 1. A total of 88.9% of the kidding goats showed colostral IgG levels above 20 mg/ml at birth, but this percentage was significantly reduced on day 2 (54.3%) and day 3 (5.4%) (Figure 1).



The ability of the refractometer to discriminate optimal or low IgG content in the colostrum samples (using the ELISA test as the reference or gold standard) was evaluated. The area under the curve was 0.806 (0.722–0.891) and the best cut-off point was 18 Brix, showing a sensitivity of 77% and a specificity of 74% (Figure S1, Table S1).



In this study, the prevalence of low quality colostrum with an IgG concentration of <20 mg/mL by ELISA was 51% over the first 3 days postpartum. When the Brix value was low, the post-test probability result was 77%, as represented by Fagan’s nomogram. However, the post-test probability was 26% when high Brix values were detected (Figure S2).



Fat percentage in colostrum was significantly higher (p < 0.001) on day 1 after parturition, showing a mean value of 8% ±0.4 [2.2–13.4], which decreased to 5.5% ±0.4 [1.6–14.9] on day 2 and to 5.1% ±0.4 [1.2–15.5] on day 3 (Table 1). Total protein concentration also showed significant decreases (p < 0.001) when comparing day 1 postpartum to day 2 and day 3 (Table 1).



A positive correlation between fresh and frozen–thawed colostrum samples was observed (r = 0.971, p < 0.001) (Table 2, Figure 2). Fat colostral percentage was also correlated with Brix values both in fresh (r = 0.532, p < 0.001) and frozen–thawed (r = 0.560, p < 0.001) samples (Table 2). Moreover, total protein concentration revealed similar results, showing high positive correlation with Brix values both in fresh (r = 0.909, p < 0.0001) and frozen–thawed (r = 0.934, p < 0.001) colostrum (Table 2).



A positive correlation between fat and protein content was also observed (r = 0.499, p < 0.001) (Table 2).



IgG levels, determined by ELISA, showed high correlation with Brix content in fresh (r = 0.607, p < 0.001) and frozen–thawed (r = 0.623, p < 0.001) colostrum (Figure 3). IgG colostrum levels were also positively correlated with total protein content (r = 0.556, p < 0.001), and, to a lesser degree, with fat content (r = 0.337, p < 0.001) (Table 2).




4. Discussion


It is important to ensure the ingestion of high-quality colostrum by newborn goat kids during their first hours of life since it is essential to guarantee immune protection. However, sometimes goat colostrum contains low concentrations of IgG, which is the most important immunoglobulin for goat kids. In this situation, newborns cannot acquire adequate colostral immunity and they exhibit low viability. The problem may be due to the early milking of goats before parturition, insufficient production of immunoglobulins or difficulties in lactation (maternal rejection, weakness of the kids, etc.), among others. Measuring the IgG content in colostrum could therefore help to mitigate the abovementioned problems. Although complex and time-consuming methods, such as ELISA and RID, are available, they are not easy to apply on the farm.



The present study demonstrated that a number of kidding goats have poor quality colostrum based on the low IgG content. This situation is not always related to mortality or weakness of the kids, as newborns can take enough quantity of low-quality colostrum and then absorb sufficient IgGs to provide the required passive immunity [2]. However, the kids that are born from those goats with lower IgG content will be more likely to develop diseases, illness or weakness as a consequence of their incomplete immunity.



The on-farm use of refractometers could partially resolve these drawbacks because they represent a relatively easy, fast and accurate method. This instrument informs about the refraction of the light when it passes through the liquid sample [14]. In the case of colostrum, the high protein content results in increased refraction of light. Recent studies in goats report that optical refractometry is a good option for the assessment of colostrum quality, and no differences are observed compared to digital refractometers [14]. This work enables the establishment of a cut-off threshold for characterizing good-quality colostrum at around 18.5–21.5% [10,13,17]. In other cases, farmers may be interested in determining the colostrum quality of nursing goats—i.e., goats at day 2 or 3 post-partum that are milked to obtain colostrum, which will be frozen to feed orphaned kids. However, only colostrum with a high amount of IgG should be provided to the newborn. It is stated that goat kids need to consume about 10% of their live body weight in colostrum during the first 12–14 h to acquire optimal immunity. It has also been found that goat kids require 4 g/kg of IgG during the first day of life to acquire passive immunization among 80% of animals [18]. The birth weight of Malagueña newborn kids is around 2.46 kg [22], so it is advisable to feed them with about 0.25 L/day of colostrum, divided into four feedings per day. It is thus assumed that a newborn should be fed with at least 12.5 mg of IgG per day in order to acquire an appropriate immunity status, although other components of the colostrum might also be important for the survival of the kids.



In the present trial, the average concentrations of IgG in goat colostrum measured by ELISA on day 1 post-kidding reached 36.6 mg/ml, being lower than those described in some of the previous studies (50.0 mg/mL [18], 54.4 mg/mL [9] or 73.67 mg/mL [11]), but higher than others (10.6 mg/mL [10]). On day 2 and 3 postpartum, IgG values were reduced to 22.4 and 8.4 mg/mL, respectively, in agreement with other published results [10]. A significant reduction in IgG in goat colostrum during postpartum was observed, similar to that previously described using a colostrometer [10]. Our study demonstrates that not all the goats have enough IgG content after parturition, as about 10% of the animals in the present study showed values below the optimal threshold, set over 20 mg/mL according to previous studies [17,18]. Moreover, as more days elapsed, the IgG content was significantly reduced; only 59% of Malagueña goats showed colostrum of adequate quality (based on IgG content) on day 2 after parturition, dropping to 53% on day 3, in consonance with the findings of other authors [11]. The most important period for the transfer of passive immunity from mother goats to newborns is the first 24 h after parturition, the period in which it is imperative for kids to absorb immunoglobulins. A mortality rate in newborn kids has been reported to be around 9.1% [23] and 15% [24] due to low absorption of immunoglobulins. Meanwhile, it was described that colostrum supplementation did not resolve this situation [24,25]; otherwise, the active control of colostrum intake, based on the palpation of the kid’s abdomen and goat’s udder, or on the observation of suckling, could reduce this rate [23].



The use of refractometers to determine colostrum quality is currently highly popular at the farm level. This technique enables the measurement of the total soluble solids and total protein concentration in liquid samples to be ascertained by their refractometry index (Brix index). In the case of colostrum, the Brix value has been associated with IgG content [10,13,18,26]. In the present study, average Brix values were 23.2%, 18.6% and 14.1% on days 1, 2 and 3 postpartum, respectively, broadly in line with other studies [10,13]; other authors have reported a lower Brix value, however [26]. A first area of enquiry focused on ascertaining whether Brix values determined by refractometer in frozen–thawed colostrum showed similar values to fresh colostrum. A high correlation was observed between the Brix degrees recorded in frozen and fresh colostrum (r = 0.971, p < 0.001), a finding other authors have also reported [14]. In the present study, a careful thawing procedure was conducted, maintaining frozen samples for 24 h in refrigerated conditions. A previous trial conducted in frozen goat colostrum demonstrated that IgG concentration was not affected when samples were thawed at 60 °C in water, under 4 °C in a cold-storage room, at 27 °C (at room temperature) or by microwaves (reaching a final temperature of 55 °C) [7]. A second strand of enquiry focused on whether Brix colostrum values as measured by refractometry could provide accurate information about the IgG content. Good correlation between colostrum IgG content (measured by ELISA) and Brix values (r = 0.607 and 0.623 in fresh and frozen colostrum, respectively) was observed. The first study conducted in goats aimed at estimating IgG concentrations (as measured by ELISA) and the Brix values revealed a high correlation (r = 0.88) in the Majorera dairy goat breed [18]. Subsequent studies reported a lower correlation in Saanen and Saanen crossbreed goats (r = 0.09 and r = 0.406, respectively) [10,13]. Colostral IgG evidently varies between breeds [27]. By contrast, IgG values determined by RID and Brix displayed a high correlation (r = 0.76) [13]. Although previous studies report inconsistent degrees of correlation between IgG content and Brix values, the present study conducted on the Malagueña breed indicates that Brix refractometers are a viable option for determining the quality of goat colostrum (based on IgG values) on-farm. In addition, previous studies have demonstrated that temperature (5 °C, 20 °C and 38 °C) does not strongly affect the Brix colostrum measurements obtained by a refractometer, which is another advantage for the on-farm colostrum monitoring in comparison with other methods [28].



As described in bovine colostrum, an accurate determination of IgG concentrations could avoid the consumption of low-quality colostrum by newborn kids [29], but for this proposal it is important to establish the appropriate cut-off points for those rapid methods, in correspondence with IgG values higher than 20 mg/mL [17,18]. Previous studies in goat colostrum recommended fixing the cut-off threshold at a Brix value of 19 [13], 20.7 [17] or in the range between 18.5 and 21.5 [10]. However, the present study determined that 18% Brix value is the best cut-off point considering 20 mg/mL of IgG as the reference value, determined by ELISA test. This practice allows the discarding of low quality colostrum on-farm, reducing the incidence of illness, weakness or mortality associated with inadequate colostrum feeding in newborn goats. With the objective to detect colostrum containing low IgG concentrations, it could be interesting to choose a higher Brix cut-off threshold in favor of having higher specificity in the methods. In the present study, to obtain high specificity, around 92.6% and 96.3%, the cut-off point might be fixed around a Brix value of 22–23, which is more in line with others [10,13,17].



This study also evaluated the fat and total protein in colostrum, which were similar to levels previously reported [8,11,30]. Fat levels in colostrum were higher at around 24 h after parturition and, subsequently, declined gradually. Previous studies have reported that colostral fat values are stabilized at day 3 postpartum, exhibiting fat contents comparable to those in normal goat milk [31]. Total protein levels in goat colostrum were also high at parturition and they decreased daily until day 3; at this time, total protein values were kept at values comparable to those of normal goat milk [31,32]. It has been suggested that the high presence of fat and total protein in goat colostrum could be a natural mechanism for ensuring newborns are supplied with sufficient energy to enable them to maintain an adequate corporal temperature. When colostrum is stored to feed orphaned kids, it is important to monitor not only IgG content but also the fat and total protein levels. While refractometers offer accurate information about the total protein in the colostrum samples, as is evidenced in the present study, the same cannot be claimed for fat content. Another study suggested that colostral fat changes are independent of the protein and IgG content variations, but they can affect the Brix value and they can cause the IgG content assessed by a refractometer to be overestimated [29]. Many bioactive proteins such as IgM, IgA, casein, lactoferrin and lactoperoxidase can be found in colostrum, but IgG is the most abundant [33]. Refractometers estimate the total protein in the colostrum and offer a feasible and practical estimation of IgG. In view of the results of the present study, it is suggested that the Brix refractometer represents an appropriate method for estimating the protein content in goat colostrum samples, although other devices, such as a milk analyzer, might be used for selecting good quality colostrum. In broad terms, the colostrum produced on the first day postpartum represents the best option for establishing a colostrum bank due not only to its IgG content, but also to the fat content.



The limitations of this study are related to the small sample size, as it only involved animals from the Malagueña goat breed, which is a specialized dairy breed, and no other breeds were included. However, no similar trials have been previously carried out in this breed, and the findings obtained here could provide new knowledge to dairy goat farmers. The fact that only one commercial farm was involved could also be considered a limitation, as the management practices of this particular farm may have influenced the results. Nevertheless, the data obtained offer an interesting snapshot of this topic, and further studies could be conducted with more animals and farms. Additionally, similar studies could be carried out in meat and/or mixed goat breeds to identify the incidence of low colostrum quality in goats and to improve colostrum feeding management.




5. Conclusions


Goat colostrum obtained on the first day after parturition contained the highest concentrations of IgG, with almost 90% of colostrum samples being high quality (IgG concentrations of at least 20 mg/mL). The IgG concentration of colostrum decreased significantly over the first 3 days after parturition, with less than half of colostrum samples being of high quality on day 2, and only 5.4% meeting the 20 mg/mL cutoff on day 3. If the farmer wishes to create a colostrum bank, samples from day 1 after parturition are strongly recommended given that not only IgG but also fat content are present at maximum concentrations. Because not all goats produce adequate quality colostrum to ensure good transfer of passive immunity to kids, it is necessary to check the quality of colostrum samples before freezing in a colostrum bank. This study suggests that the optical Brix refractometer could be considered an appropriate analytical tool to evaluate goat colostrum quality on farms due to the good correlation observed between Brix values and IgG concentration measured by ELISA. A cut-off threshold for the Brix refractometer values of 18% optimized both sensitivity and specificity according to the Youden index. However, to minimize the chance of accidently retaining poor quality colostrum samples for feeding to kids, a higher Brix cut-off of 22–23% is appropriate.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/biology12040626/s1, Figure S1: ROC curve for the detection of good-quality colostrum (based on cut-off threshold of 20 mg/mL measured by ELISA) using an optical Brix refractometer to estimate the quality of fresh goat colostrum samples measured by ELISA. Figure S2: Fagan’s nomogram to determine post-test probability of fresh colostrum Brix refractometer detecting low IgG values (<20 mg/mL). Table S1: Sensitivity, specificity and Youden index of Brix refractometer scores to predict colostrum IgG values higher than 20 mg/mL.





Author Contributions


Conceptualization, C.C.P.-M. and D.C.P.-M.; methodology, C.C.P.-M., F.A.A., P.M.S.; investigation, D.C., V.H.P., J.A.E.; writing—original draft preparation, C.C.P.-M., D.C.; writing—review and editing, C.C.P.-M., D.C., P.M.S. and D.C.P.-M.; project administration, C.C.P.-M. and F.A.A. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by the Animal Medicine and Surgery Department, University of Cordoba, Spain.




Institutional Review Board Statement


The study was conducted in accordance with the guidelines set out in European Union regulations (2010/63) and transposed into Spanish legislation (RD 53/2013). As no invasive or distress management was used, other supervision is not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The corresponding author will provide the datasets used and/or analyzed during the current work upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Morrill, K.M.; Robertson, K.E.; Spring, M.M.; Robinson, A.L.; Tyler, H.D. Validating a refractometer to evaluate immunoglobulin G concentration in jersey colostrum and the effect of multiple freeze-thaw cycles on evaluating colostrum quality. J. Dairy Sci. 2015, 98, 595–601. [Google Scholar] [CrossRef] [PubMed]

	



Castro, N.; Capote, J.; Morales-delaNuez, A.; Rodríguez, C.; Argüello, A. Effects of newborn characteristics and length of colostrum feeding period on passive immune transfer in goat kids. J. Dairy Sci. 2009, 92, 1616–1619. [Google Scholar] [CrossRef] [PubMed]

	



Romero, T.; Beltrán, M.C.; Rodríguez, M.; Martí de Olives, A.; Molina, M.P. Goat colostrum quality: Litter size and lactation number effects. J. Dairy Sci. 2012, 96, 7526–7531. [Google Scholar] [CrossRef] [PubMed]

	



Rath, T.; Kuo, T.T.; Baker, K.; Qiao, S.W.; Kobayashi, K.; Yoshida, M.; Roopenian, D.; Fiebiger, E.; Lencer, W.I.; Blumberg, R.S. The immunologic functions of the neonatal Fc receptor for IgG. J. Clin. Immunol. 2013, 33, 9–17. [Google Scholar] [CrossRef] [PubMed]

	



Moretti, D.B.; Nordi, W.M.; Lima, A.L.; Pauletti, P.; Machado-Neto, R. Enterocyte IgG uptake in the small intestine of goat kids during the period of passive immunity acquisition. Small Rumin. Res. 2013, 114, 182–187. [Google Scholar] [CrossRef]

	



Levieux, D.; Morgan, F.; Geneix, N.; Masle, I.; Bouvier, F. Caprine immunoglobulin G, β-lactoglobulin, α-lactalbumin and serum albumin in colostrum and milk during the early post partum period. J. Dairy Res. 2002, 69, 391–399. [Google Scholar] [CrossRef]

	



Argüello, A.; Castro, N.; Capote, J.; Ginés, R.; Acosta, F.; López, J.L. Effects of refrigeration, freezing-thawing and pasteurization on IgG goat colostrum preservation. Small Rumin. Res. 2003, 48, 135–139. [Google Scholar] [CrossRef]

	



Arguello, A.; Castro, N.; Alvarez, S.; Capote, J. Effects of the number of lactations and litter size on chemical composition and physical characteristics of goat colostrum. Small Rumin. Res. 2006, 64, 53–59. [Google Scholar] [CrossRef]

	



Rudovsky, A.; Locher, L.; Zeyner, A.; Sobiraj, A.; Wittek, T. Measurement of immunoglobulin concentration in goat colostrum. Small Rumin. Res. 2008, 74, 265–269. [Google Scholar] [CrossRef]

	



Buranakarl, C.; Thammacharoen, S.; Nuntapaitoon, M.; Semsirmboon, S.; Katoh, K. Validation of Brix refractometer to estimate immunoglobulin G concentration in goat colostrum. Vet. World 2021, 14, 3194–3199. [Google Scholar] [CrossRef]

	



Meléndez, J.; Hernández, J.R.; Ortega, J.L. Perfil inmunológico y nutritivo del calostro y leche de cabra en la Comarca Lagunera. Rev. Chapingo Ser. Zonas Arid. 2005, 4, 57–62. [Google Scholar]

	



Bartier, A.L.; Windeyer, M.C.; Doepel, L. Evaluation of on-farm tools for colostrum quality measurement. J. Dairy Sci. 2015, 98, 1878–1884. [Google Scholar] [CrossRef] [PubMed]

	



Zobel, G.; Rodríguez-Sánchez, R.; Hea, S.Y.; Weatherall, A.; Sargent, R. Validation of Brix refractometers and a hydrometer for measuring the quality of caprine colostrum. J. Dairy Sci. 2020, 103, 9277–9289. [Google Scholar] [CrossRef]

	



Bielmann, V.; Gillan, J.; Perkins, N.R.; Skidmore, A.L.; Godden, S.; Leslie, K.E. An evaluation of Brix refractometry instruments for measurement of colostrum quality in dairy cattle. J. Dairy Sci. 2010, 93, 3713–3721. [Google Scholar] [CrossRef] [PubMed]

	



Quigley, J.D.; Lago, A.; Chapman, C.; Erickson, P.; Polo, J. Evaluation of the Brix refractometer to estimate immunoglobulin G concentration in bovine colostrum. J. Dairy Sci. 2013, 96, 1148–1155. [Google Scholar] [CrossRef]

	



Dunn, A.; Duffy, C.; Gordon, A.; Morrison, S.; Arguello, A.; Welsh, M.; Earley, B. Comparison of single radial immunodiffusion and ELISA for the quantification of immunoglobulin G in bovine colostrum, milk and calf sera. J. Appl. Anim. Res. 2018, 46, 758–765. [Google Scholar] [CrossRef]

	



Kessler, E.C.; Bruckmaier, R.M.; Gross, J.J. Comparative estimation of colostrum by Brix refractometry in bovine, caprin, and ovine colostrum. J. Dairy Sci. 2021, 104, 2438–2444. [Google Scholar] [CrossRef]

	



Castro, N.; Gómez-González, L.A.; Early, B.; Arguello, A. Use of clinic refractometer at farm as a tool to estimate the IgG content in goat colostrum. J. Appl. Anim. Res. 2018, 46, 1505–1508. [Google Scholar] [CrossRef]

	



Kaçar, Y.; Mecitoglu, Z.; Topal, O.; Batmaz, H. Comparison of four semi-quantitative tests for evaluation of colostrum quality in Saanen goats. S. Afr. J. Anim. Sci. 2021, 51, 657–663. [Google Scholar] [CrossRef]

	



Dhamnetiya, D.; Jha, R.P.; Shalini, S.; Bhattacharyya, K. How to Analyze the Diagnostic Performance of a New Test? Explained with Illustrations. J. Lab. Physicians 2022, 14, 90–98. [Google Scholar] [CrossRef]

	



Caraguel, C.; Vanderstichel, R. The two-step Fagan’s nomogram: Ad hoc interpretation of a diagnostic test result without calculation. Evid. Based Med. 2013, 18, 125–128. [Google Scholar] [CrossRef] [PubMed]

	



Perez-Baena, I.; Dorantes, J.A.; Sanchez-Quinche, A.; Gutierrez, A.; Fernandez, N.; Rodriguez, M.; Gomez, E.A.; Peris, C. Características de crecimiento de cabritos murciano granadinos puros y procedentes del cruce con sementales especializados cárnicos de la raza Boer. Primeros resultados. AIDA-XV Jorn. Sobre Prod. Anim. 2013, 1, 79–80. [Google Scholar]

	



Balasopoulou, V.; Kalic, M.; Zablotski, Y.; Zerbe, H.; Voigt, K. Management and goat kid mortality on Southern German dairy goat farms. Berl. Munch. Tierarztl. Wochenschr 2022, 135, 1–10. [Google Scholar] [CrossRef]

	



Bahri, K.; Raes, M.; Chentouf, M.; Kirschvink, N.; Hamidallah, N. Characterization of goat neonatal mortality in northern Morocco and impact of colostrum supplementation. Options Mediterr. A 2021, 125, 425–428. [Google Scholar]

	



Mellado, M.; Del Angel, E.; Rebolloso, O.; Garcia, E. Immunoglobulin G concentration and neonatal survival of goat kids delivered in a pen or on open range. Prev. Vet. Med. 1998, 37, 33–39. [Google Scholar] [CrossRef]

	



Batmaz, H.; Kaçar, Y.; Topal, O.; Mecitoğlu, Z.; Gümüşsoy, K.S.; Kaya, F. Evaluation of passive transfer in goat kids with Brix refractometer and comparison with other semiquantitative tests. Turk. J. Vet. Anim. Sci. 2019, 43, 596–602. [Google Scholar] [CrossRef]

	



Kessler, E.C.; Bruckmaier, R.M.; Gross, J.J. Immunoglobulin G content and colostrum composition of different goat and sheep breeds in Switzerland and Germany. J. Dairy Sci. 2019, 102, 5542–5549. [Google Scholar] [CrossRef]

	



Bielmann, V.J.; Garner, C.; Throop, N.; Perkins, K.L. An evaluation of a Brix refractometer for measurement of colostrum quality and success of passive transfer. J. Dairy Sci. 2008, 91 (E-Suppl. 1), 354. [Google Scholar]

	



Løkke, M.M.; Engelbrecht, R.; Wiking, L. Covariance structures of fat and protein influence the estimation of IgG in bovine colostrum. J. Dairy Res. 2016, 83, 58–66. [Google Scholar] [CrossRef]

	



Salvador, A.; Martínez, G.; Alvarado, C.; Hahn, M.; Pariacote, F.; Vazquez-Armijo, J.F. Physics and Chemistry Characteristics, and Composition of Goat Milk of Canarian Goats on Tropical Condition. Rev. Fac. Cs. Vets UCV 2016, 57, 53–60. [Google Scholar]

	



Sánchez-Macías, D.; Fresno, M.; Moreno-Indias, I.; Castro, N.; Morales-Delanuez, A.; Álvarez, S.; Arguello, A. Physicochemical analysis of full-fat, reduced-fat, and low-fat artisan-style goat cheese. J. Dairy Sci. 2010, 93, 3950–3956. [Google Scholar] [CrossRef] [PubMed]

	



Sanchez-Macias, D.; Moreno-Indias, I.; Castro, N.; Morales-Delanuez, A.; Arguello, A. From goat colostrum to milk: Physical, chemical, and immune evolution from partum to 90 days postpartum. J. Dairy Sci. 2014, 97, 10–16. [Google Scholar] [CrossRef] [PubMed]

	



Arslan, A.; Kaplan, M.; Duman, H.; Bayraktar, A.; Erürk, M.; Henrich, B.M.; Frese, S.A.; Karav, S. Bovine colostrum and its potential for human health and nutrition. Front. Nutr. 2021, 8, 651721. [Google Scholar] [CrossRef] [PubMed]








[image: Biology 12 00626 g001 550] 





Figure 1. Distribution of IgG concentrations in goat colostrum samples obtained over the first three days after parturition, as measured by ELISA. 
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Figure 2. Correlation plots and trend line between fresh and frozen colostrum samples assessed by Brix refractometer. 
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Figure 3. Relation between Brix value measured by optical refractometer and IgG concentration measured by ELISA in fresh colostrum. 
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Table 1. Characteristics of goat colostrum collected on days 1, 2 and 3 after parturition.
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	Day 1
	Day 2
	Day 3





	Brix (fresh colostrum) (%)
	23.2 ± 0.9 a
	18.6 ± 0.6 b
	14.1 ± 0.3 c



	Brix (frozen colostrum) (%)
	22.8 ± 0.9 a
	18.2 ± 0.6 b
	13.7 ± 0.3 c



	IgG (mg/mL)
	36.6 ± 2.3 a
	22.4 ± 1.5 b
	8.4 ± 1.0 c



	Fat (%)
	8.0 ± 0.4 a
	5.5 ± 0.4 b
	5.1 ± 0.4 b



	Total protein (%)
	6.5 ± 0.2 a
	5.5 ± 0.2 b
	4.3 ± 0.1 c







Different letters (a–c) in the same row indicate significant differences (p < 0.001). Data are expressed as mean ± SEM.
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Table 2. Pearson correlation between various colostrum characteristics. Asterisks indicate significant correlation.
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	IgG

(mg/mL)
	Fresh BRIX

(%)
	Frozen BRIX

(%)
	Fat

(%)
	Total Protein

(%)





	IgG (mg/mL)
	1
	0.607 *
	0.623 *
	0.420 *
	0.572 *



	Fresh BRIX (%)
	0.607 *
	1
	0.971 *
	0.532 *
	0.909 *



	Frozen BRIX (%)
	0.623 *
	0.971 *
	1
	0.560 *
	0.934 *



	Fat (%)
	0.420 *
	0.532 *
	0.560 *
	1
	0.499 *



	Total protein (%)
	0.572 *
	0.909 *
	0.934 *
	0.499 *
	1
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