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Colostrum is essential for the health and wellbeing of dairy cattle. This review provides insight into different means of augmenting or enhancing colostrum quality including colostrum feeding, dry cow management, prepartum cow diets, freezing, pasteurization, colostrum additives, and colostrum replacers. Other components in colostrum such as maternal cells and their importance are discussed. New research is needed regarding the components in colostrum (bioactive peptides and growth factors) and their effects on the neonate. Colostrum replacers and a prediction equation to estimate colostrum quality are reviewed.
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Introduction

Colostrum is the initial lacteal secretion produced by the mammary gland after involution and parturition. It contains large amounts of immunoglobulins, growth factors, fat, and water. In preruminant animals, colostrum provides for the initial immunity because the immune system is naïve at birth. This is due to the minimal transfer of immunoglobulins (Ig) in utero ascribed to the six-layer placenta (three maternal and three fetal layers; Peter, 2013). The Ig of importance for calves are IgG1 and IgG2. Colostrum quality decreases as the time after calving to harvest increases while colostrum quality also decreases as the volume produced increases (Morin et al., 2010). Therefore, colostrum must be fed as soon as possible after parturition due to the non-specific absorption occurring during the first 12 h of life. After the first 12 h of life, absorption of Ig is reduced. Colostrum also provides the calf with hydration and also body fat. Neonatal preruminant animals are born with approximately 3% body fat. Good quality colostrum is defined as a concentration of IgG greater than 50 g/L (NAHMS, 2007) or approximately 22% Brix reading on a refractometer. The purpose of this review is to provide information on ways to enhance the quality of colostrum and ultimately the uptake of IgG and other beneficial factors found in colostrum.



Colostrogenesis and Parity

The production of colostrum in the mammary gland begins several weeks (3 weeks, Sasaki et al., 1976; 5 weeks, Brandon et al., 1971) before parturition. It has been recently determined that how cows are managed and fed during this time has a direct impact on the production and uptake of Ig by the calf. Research has shown that feeding a diet according to the nutrient requirements of cows in this phase of the lactation cycle results in the production of good quality colostrum.

For several years, producers routinely did not feed colostrum from cows entering their first lactation. This was likely due to these animals not being fed to produce adequate colostrum. Kehoe et al. (2011) have shown that first lactation cows produced adequate quality colostrum (IgG of greater than 50 g/L), but not as high quality as cows with more parities. This is due to the older cow experiencing more disease challenges resulting in producing colostrum of better quality than younger cows.



Transfer of Passive Immunity

Until recently, transfer of passive immunity was defined as calf blood serum IgG concentration of greater than 10g/L at 24 h of age. Calves with serum IgG greater than or equal to 10 g/L at 24 h of age were said to have attained passive transfer and calves that were less than 10 g/L had failure of passive transfer of immunity. As serum IgG increases, calves experience reduced morbidity. Recently, the industry has developed new standards for evaluating the transfer of passive immunity in calves. The new standards for 24 h serum IgG concentrations are as follows: excellent, greater than or equal to 25 g/L; good 18–24.9 g/L; fair, 10–17.9 g/L; and poor, less than 10 g/L (Lombard et al., 2020). To accomplish this, at least 3.8 L of colostrum is fed with most farms feeding in the first few hours after birth. Faber et al. (2005) fed two groups of Brown Swiss calves either 2 or 4 L of good quality colostrum at birth. Results indicated that greater (P < 0.001) Average daily gain (ADG) was observed for calves fed 4 L as compared to 2 L of colostrum (1.03 kg/day for calves fed 4 L vs. 0.8 kg/day for calves fed 2 L). Ultimately, calves that were fed 4 L of colostrum produced 1,349 kg more milk (P< 0.05) in their second lactation than calves fed 2 L. These data support the earlier work of Denise et al. (1989) where calves having greater serum IgG at birth produced more mature equivalent milk. Possibly, there are components within colostrum that result in positive mammary cell proliferation (Faber et al., 2005).



Management of the Prepartum Dam and Supplementation

Until recently, there has been scant research in the area of prepartum cow management in regard to colostrum. However, researchers at the University of Florida have conducted several studies that indicated that providing cooling (fans and misters) to dry cows improved calf health likely through fetal programming (Tao et al., 2012). Calves born of cooled cows were more efficient in absorbing IgG than calves born of heat-stressed cows (P < 0.01) and had greater serum IgG over the first 28 days of life (P = 0.03). These calves produced more milk when they became cows than their heat-stressed herd mates (Dahl et al., 2016). This research group indicated that 89% of the dry cows in the United States would benefit from cooling (Ferreira et al., 2016) and hence improve the health of their calves. Recently, there have been several studies conducted investigating how feeding the dam affects the health of the calf. One of the earliest experiments was conducted by Hough et al. (1990) who fed 26 Angus cows either 100% or 57% of overall beef nutrient requirements beginning 90 days prepartum (NRC, 1984). The concentration of colostral IgG was similar between treatments (43 g/L vs. 39.5 g/L) for restricted and control fed dams respectively. Calves born from restricted fed dams had higher cortisol 33.8 ng/ml vs. 26.1 ng/ml for the control calves (P < 0.05). Calves fed colostrum from dams fed the restricted diet had 24 h serum IgG of 17.2 g/L compared to calves fed colostrum from dams fed the 100% NRC diets (22.2 g/L) tended to have higher 24 h serum IgG (P = 0.07) compared to calves fed colostrum from cows fed the nutrient-deficient diet. These data support the concept of how the dam is managed before parturition affects the calf’s ability to absorb IgG and calves from dams that are poorly managed tend to be stressed (as evidenced by the increased cortisol), resulting in reduced IgG uptake. Cows fed a low-energy diet (5.25 MJ/kg DM) Dry Matter (DM) compared to cows fed a high energy diet (6.48 MJ/kg DM) had reduced content of CD4 cells in lymphocytes of their subsequent calves (Gao et al., 2012). Colostrum feeding was not discussed in this study, but these results confirm the importance of the diet for the prepartum cow as it can affect the fetus and ultimately the immunity of the calf. Feeding higher energy diets through fatty acid supplementation to prepartum cows had positive effects on IgG uptake and enhanced apparent efficiency of absorption (AEA; Garcia et al., 2014). The concentration of IgG in colostrum did not differ among treatments of saturated fats or essential fatty acids compared to control ranging from 83 to 122 g/L. However, colostrum yield was not recorded. Serum IgG at day 1 of life tended to be greater (P = 0.09) for calves born from cows fed either 1.7% saturated fat or 2% Ca-salts containing essential fatty acids compared to control. Whereas calves born of cows fed the saturated fats had 24 h serum IgG and tended to be greater (P = 0.07) averaging 26.9 and 29.7 g/L for nulliparous and primiparous cows, respectively, compared to calves born of cows fed the essential fatty acid diet that was 25.1 and 23.6 g/L for nulliparous and primiparous cows, respectively. AEA was greater in calves born from cows fed saturated fat compared to calves born from dams in the control treatment. This is usually not the case; AEA is enhanced when calves are fed colostrum with a lower IgG concentration compared to calves fed colostrum with higher IgG concentration. Conneely et al. (2014) fed different amounts of colostrum in relation to birth BW (7.5%, 8.5%, and 10%) and found that 8.5% of BW had the greatest IgG absorption and AEA, but IgG was not similar among treatments.

Feeding high amounts of energy (150% NRC) resulted in lower concentration of IgG in colostrum (96.1 g of IgG/L, 100% NRC; 72.4 g of IgG/L, 150% NRC; P = 0.02; Mann et al., 2016), but cows on the high energy diet produced 1.3 kg more colostrum. These data and the data from the previous experiments (Hough et al., 1990; Gao et al., 2012) indicate that improving the energy status of gravid dry cows enhances their calves’ performance. However, over feeding energy is not beneficial in regard to colostrum IgG concentration (Mann et al., 2016). It is not clear whether the effect is in utero or through colostrum.



Cow Diets to Reduce Hypocalcemia

It is common to feed prepartum cows, a diet containing anionic salts (DCAD) to reduce the incidence of hypocalcemia. However, there are limited data on its effect on colostrum yield and quality. Joyce and Sanchez (1994) indicated that feeding cows an anionic salt caused a reduction in blood pH of their calves and suggested that more work be done to evaluate the impact of these diets on the newborn calf. Morrill et al. (2010) observed no effect of supplementation of multiparous cows with either 77 or −100 mEq/kg diets on the serum IgG concentration or AEA at 24 h. However, calves in this experiment were fed a colostrum replacer (CR) not their dam’s colostrum. More research studies need to be conducted to further refine the effect of DCAD on colostrum production, quality, and calf performance. Zeolites (Z) have recently been utilized in the feeding of prepartum cows by reducing the bioavailability of dietary Ca, reducing the potential for hypocalcemia-related disorders (Papaioannou et al., 2005). Marin et al. (2020) fed 90 prepartum Holstein cows either 0, 150, or 300 g of Z per day for one month before parturition. Results indicated that colostrum IgG concentration was greater (P < 0.05) for the Z-fed cows (37.28 and 37.45 g/L for the 150 and 300 g/day treatments, respectively) compared to the control cows (35.15 g/L). However, colostrum quality would be considered poor (IgG of less than 50 g/L). Calf serum IgG uptake was not determined in this experiment and performance data were not provided. Further research needs to be conducted to evaluate feeding Z.



Additives to Prepartum Cow Diets and Their Effects on Colostrum

Hall et al. (2014) fed Jersey cows Se yeast (105 mg/cow) once weekly in addition to 0.3 mg Se/kg per day for 8 weeks prepartum, or cows with no Se-yeast. At birth calves were fed either colostrum from Se-yeast supplemented cows or control. Results indicated that serum IgG (P = 0.03) and AEA (P < 0.01) were greater in calves born of cows fed the Se-yeast on day 2 of life regardless of colostrum source, indicating that there was an in utero effect of the Se-yeast supplementation. Pavlata et al. (2004) provided Se-deficient cows with either 0, an injection providing 44 mg of Na selenite and 500 mg of α-tocopherol acetate at 4 weeks before parturition, or the same injection, but provided at 8 and 4 weeks prepartum. Colostrum quality was greater (P < 0.05) for the cows injected twice compared to the control cows (34.08 and 22.87 turbidity units). Control cows were similar to cows injected once (21.38 turbidity units). Lacetera et al. (1996) observed that cows injected with a combination of Na-selenite and dl-α-tocopheryl acetate during the dry period produced colostrum with similar IgG concentrations as compared to non-injected cows, but 22% more colostrum indicating a greater production of total IgG. Beef cows on Se-deficient pastures were injected with vitamin E and Se (Se of 0.1 mg/kg and vitamin E of 1 mg/kg), or provided Se in the diet (salt mix of 120 mg/kg), or provided Se in the diet with the injection or no supplemental Se or vitamin E. Cows with the dietary Se produced greater IgG/L colostrum and calves had greater serum IgG after suckling (Swecker et al., 1995).



Probiotics

There are limited data on the addition of probiotics to prepartum cows on colostrum quality and absorption of IgG by their calves. Dann et al. (2000) fed 39 Jersey cows either 0 or 60 g/day of a yeast culture. Results indicated that DMI tended (P = 0.10) to be increased in cows fed the yeast culture compared to those not receiving it. Colostrum yield and calf performance data were not reported. However, ewes supplemented with 14 g/day yeast culture beginning 14 days prepartum showed no effect on colostrum nutrient content. Immunoglobulin G was not measured in this study (Macedo et al., 2012). Supplementing yeast culture to dairy cows and its effects on colostrum need to be studied.

Utilizing a direct-fed microbial (DFM) and enzymes on colostrum quality, yield, and IgG status in calves is limited. Ort et al. (2018) fed 36 multiparous Holstein cows either no DFM or 45.4 g/day of a DFM containing Saccharomyces cerevisiae and Enterococcus faecium (1.323 billion cfu/g) colony forming units (cfu) or the DFM plus 18.2 of an enzyme combination of cellulase and amylase (DFME) beginning 21 days before parturition. There were no effects of the DFM or DFME on DMI or any other growth or performance parameter prepartum. Colostrum yield was variable and not significantly different (P = 0.12) ranging from 6.6 kg (DFM) to 10.7 kg for the control treatment. Colostrum quality ranged from 79.1 g/L (control cows) to 91.1 g/L (DFME) IgG, but these results were not different. There were no differences in calf BW, serum IgG, and AEA at 24 h. These data suggest little benefit to supplementing prepartum cows with a probiotic as it pertains to colostrum quality, yield, and day 1 calf immunity.



Vitamins and Vitamin Precursors

β-carotene (BC) is the main precursor of vitamin A but has been studied little regarding its effect on the prepartum cow, calves, and colostrum. The BC status of calves is an important indicator of poor transfer of passive immunity. Calves with failure of passive transfer had lower serum BC than calves that attained passive immunity (Torsein et al., 2011). β-carotene was supplemented to nine multiparous Holstein dairy cows at a rate of 700 mg/day (Aragona et al., 2021) or nine similar cows received no supplementation of BC (control) for 4 weeks prepartum. Results indicated that there was no effect of the supplemental BC on prepartum cow DMI, BW, or body condition score. Cow blood IgG, BC, and ketones were not different between treatments. However, cow non-esterified fatty acid concentrations were reduced at calving for cows fed supplemental BC (P < 0.01; 465.4 vs. 656.0 mEq/L for BC and control cows, respectively). Colostrum, yield, quality, and components did not vary between treatments except that total solids content were greater for cows supplemented with BC (P = 0.03; 27.75% vs. 22.89% for BC and control cows, respectively). Prom (2016) observed no difference in colostrum yield, but an increase in colostral fat content when comparing cows fed either 0 or 800 mg BC/day. Aragona et al. (2021) fed calves 4 L of their dam’s colostrum and then fed a commercial all milk-milk replacer, calf starter grain, and free-choice water for 6 weeks. Characteristics of IgG status did not vary except that AEA was less in the calves fed colostrum from their dams fed BC (P = 0.03; 39.5% vs. 52.16% for BC and control treatments, respectively). This response was likely due to the nonsignificant numerically greater IgG concentration in the colostrum from cows fed BC (P= 0.12; 79.88 and 57.92 g/L for BC and control cows, respectively). Feed efficiency (ADG/DMI) was greater for calves born of cows fed BC compared to those of control cows (P = 0.03; 0.44 vs. 0.33 for BC and control, respectively). Most of this response was due to responses seen in the first two weeks of life where feed efficiency was greater (P < 0.01). These data suggest that there may be a component present in the colostrum from BC supplemented cows or that a change occurred in the calves during fetal development. This change likely occurred in the small intestine as the response was most profound when most of the nutrients that were taken in were derived from milk replacer (weeks 1 and 2 of life).

Martinez et al. (2018) fed 79 prepartum Holstein cows supplemental vitamin D as either calcidiol (1,25 dihydroxyvitamin D3) or cholecalciferol (25-dihydroxyvitamin D3) at a rate of 3 mg/11 kg DM intake. Cows were fed these products beginning at 255 days of gestation. These cows were also subjected to either 130 or −130 mEq/kg DCAD diet. Results indicated that DCAD did not affect colostrum yield similar to the data of Morrill et al. (2010). However, colostrum yield tended (P = 0.10) to be greater when calcidiol (7.82 kg) was fed compared to cholecalciferol (6.04 kg). Colostrum protein, solids-not-fat, and total fat yields were greater for cows fed calcidiol (P < 0.05). Immunoglobulin G concentration was greater in cows fed calcidiol compared to cows fed cholecalciferol (P <0.01; 58.9 and 47.9 g/L, respectively). The authors speculated that 1,25 dihydroxyvitamin D3 can modulate immune responses. On the basis of data from Reinhardt et al. (1999) who observed an increase in IgG titers when 1,25 dihydroxyvitamin D3 was provided when cows were vaccinated with Escherichia coli J5. Martinez et al. (2018) speculated that vaccinating the cows prepartum could have resulted in higher serum IgG and possible uptake of these proteins by the mammary cells. Further research needs to be conducted to evaluate the effect of feeding calcidiol on prepartum cows and the subsequent effects on their calves.

There are limited studies on the supplementation of vitamin K on colostrum quality and production. However, Kuroiwa et al. (2022) supplemented 21 Holstein cows with vitamin K3 (50 mg/day; menadione) and compared to 19 cows not supplemented with vitamin K. Transition milk was sampled on day 3 postpartum. Immunoglobulin G concentration was greater on day 3 (P < 0.05) compared to cows not provided with supplemental vitamin K. The authors hypothesized that the vitamin K would be absorbed and converted to the active form menaquinone 4 and cause an increase in IgG concentration in the colostrum.

Nicotinic acid (NA) supplementation to lactating dairy cows with mixed results. Recently, studies have been conducted with prepartum dairy cows to evaluate NA’s impact on colostrum composition, quality, and yield and its effects on their calves. The concept behind supplementation of NA is that it will increase blood flow. During colostrogenesis blood flow will likely go to the mammary gland resulting in more nutrient uptake in the gland. NA remains intact in the rumen longer than nicotinamide (Erickson et al., 1991), and it was shown to increase the production of Entodiniiae (Dennis et al., 1982: Erickson et al., 1990; Dorreau and Ottou, 1996). Entodiniiae have a symbiotic relationship with bacteria resulting in greater microflora numbers and the potential to aid in the maintenance of rumen health even when higher concentrate diets are fed. Holstein cows fed either 0 or 48 g/day for 4 weeks prepartum resulted in greater colostrum quality when cows were fed 48 g/day (P = 0.01; 73.8 and 86.8 g/L for 0 and 48 g NA/day respectively). Calves were fed a CR to determine whether there were any effects of NA supplementation in utero. There were no effects of cow prepartum NA supplementation on AEA or blood IgG, suggesting that NA does not cause any response in utero (Aragona et al., 2016). The addition of NA (0, 16, 32, or 48 g NA/day) to prepartum cow diets was shown to linearly increase urinary purine derivatives—an indicator of rumen microbial protein synthesis (Aragona et al., 2020). The increase in postruminal microbial flow would result in greater amino acid uptake in the cows fed the NA and a likely increase in colostrum quality (greater IgG). Colostrum yield was not different in this study, but colostrum quality linearly increased ranging from 57.6 to 83.5 g/L IgG. Total IgG yield reacted quadratically (P = 0.03) with the greatest value for cows fed 32 g/day NA. There were no differences in calf 24 h serum IgG among treatments. There was a trend for a quadratic response (P = 0.07) with calves born of cows fed the 32 g/day NA treatment having the greatest ADG. However, there was a quadratic response (P = 0.03) for improved feed efficiency during the 6-week calf growth period with calves born of cows fed the 32 g/day NA treatment resulting in the greatest feed efficiency (0.5; ADG/DMI) compared to the other treatments ranging from 0.34 to 0.36 ADG/DMI. These results are likely due to improved intestinal development in calves born of cows fed NA because most of the nutrients in the first 6 weeks are in the form of milk, which will pass to the abomasum via the esophageal groove. Further, most of the ADG responses occurred in the first 3 weeks after birth.



Somatic Cells Count and Colostrum

Besides IgG concentration, other factors can affect calf immunity one potential challenge is colostrum somatic cell count (SCC; Ferdowsi nia et al., 2010) In a comprehensive study, Puppel et al. (2020) compared the colostrum production and SCC of a 250 cow commercial herd. Cows were divided into two groups based on their SCC. In this study, 40 Holstein cows were divided into two groups (less than 400,000 SCC/ml; n = 22) and (greater than or equal to 400,000 SCC/ml; n = 18) based on initial first colostrum samples (collected within 2 h of calving). Cows with the lower SCC had a colostrum IgG concentration of 82.45 g/L, whereas cows with the higher SCC had a colostrum IgG concentration of 41.11 g/L (P < 0.01). These data support the data of Kehoe et al. (2007) who showed that herds with a milk SCC less than 200,000 produced higher quality colostrum than herds with a greater milk SCC (greater than 200,000) suggesting that overall better management results in better colostrum quality. Colostral protein concentration was also greater (P < 0.01) in the cows with the lower SCC (14.86%) as would be expected with the greater IgG concentration in those cows than in the cows with higher SCC (12.11%). This was not observed in a similar study (Ferdowsi nia et al., 2010). Puppel et al. (2020) observed greater colostral fat content of 7.67% in the colostrum from the lower SCC and 5.11% from the colostrum with the greater SCC (P ≤ 0.01). They also observed greater lactoferrin concentration in the colostrum from cows with the lesser SCC compared to the cows with the greater SCC (P < 0.01). Ferdowsi nia (2010) observed that blood IgG concentration varied at 3 h after being fed colostrum in calves fed colostrum from cows producing a high SCC colostrum (greater than 5,000,000 cells/ml; IgG of 11.4 g/L) when compared to cows fed either lower (960,000 cells/ml; IgG of 16.6 g/L) or moderate (2,000,000 cells/ml; 16.2 g/L) SCC (linear P = 0.10). Blood IgG concentration was not determined at 24 h of age. In this study, calves were provided with 2 kg of their dam’s colostrum at birth and another 2 kg 12 h later. Serum IgG concentration was determined in blood sampled at parturition and found to be greater for cows producing high SCC (30.1 g/L) colostrum compared to moderate (22.9 g/L) or lower SCC colostrum (17.8 g/L; P < 0.01).

Colostrum fat content was linearly reduced in cows with the greater SCC (4.5%) compared to the colostrum from cows with a lesser SCC (6.0%; P < 0.04; Ferdowsi nia et al., 2010). They suggested that colostral SCC may have interfered with de novo fatty acid synthesis and the production of acyl glycerides and the potential for impaired fatty acid uptake by infected mammary cells. This is especially important as calves are born with only 3% body fat and colostrum provides for the development of the insulator properties required by the neonate. Eicosapentaenoic acid and docosahexaenoic acid concentrations were increased (P < 0.01) in the lower SCC colostrum. Both fatty acids can suppress the production of proinflammatory cytokines (Puppel et al., 2020).

Ferdowsi nia et al. (2010) observed that calves fed lesser SCC colostrum had twice as much BW gain compared to calves receiving the high SCC colostrum in the first 30 days of life (5.7 kg vs. 2.5 kg, respectively, P < 0.01). These data indicate that calving cows in a clean environment along with dry cow therapy should result in lesser SCC colostrum and better quality colostrum. These data suggest that calves born from these cows and fed the colostrum with a lesser SCC should perform better than their herdmates fed the higher SCC colostrum.



Colostrum Freezing and Pasteurization

Freezing and heating colostrum kill a majority of colostral leukocytes (Godden et al., 2019). Langel et al. (2015) evaluated calves fed either whole colostrum or flash-frozen colostrum—known as cell-free colostrum. Flash-frozen colostrum was produced by placing 1 L of colostrum in perflouroalkoxy bags and covering the bags with liquid nitrogen. Bags were turned every 3 min until completely frozen. These researchers used 37 newborn calves (29 Holstein and eight Jersey). Calves received a total of 3.8 L split into two feedings and had blood samples taken at 6 h postcolostrum feeding and on days 1, 3, 7, 14, 21, and 28 to evaluate maternal cells transferred to the colostrum and then transferred to the calf via feeding. Results suggest that intact maternal colostral cells can move into circulation. They found that calves fed the fresh colostrum had increased CD4+ T cells compared to the calves fed the flash-frozen colostrum. Donovan et al. (2007) injected all cows with an inactivated bovine viral diarrhea vaccine. They observed that calves that received whole colostrum responded to bovine viral diarrhea antigen, whereas calves fed frozen colostrum did not respond to the antigen one to two days after colostrum ingestion. These data indicated that cell-mediated immunity can transfer by vaccination of the dam. In this study, Holstein calves either were fed 4 L of whole colostrum or whole frozen colostrum (−80°C). Results indicated that freezing colostrum effectively destroyed colostral leukocytes and there was no difference in serum IgG by day 1 (calves received 4 L of colostrum). More research studies need to be conducted to evaluate whether this response would occur in frozen colostrum stored under common conditions (−20°C).



Colostrum Pasteurization

Heating colostrum can decrease or eliminate many pathogens present in colostrum including Mycobacterium paratuberculosis ssp. Avium, Salmonella spp., and Mycoplasma ssp. (Godden et al., 2006). Stabel (2008) demonstrated that pasteurization (65°C, for 30 min) of colostrum can decrease the initial exposure to M. paratuberculosis. Feeding colostrum containing M. paratuberculosis is a route in which this organism is transferred resulting in Johne’s Disease when the calf matures. Godden et al. (2006) inoculated colostrum with various pathogens and then pasteurized colostrum for various times at 60°C from 0 to 120 min, not including a 30-min heat-up stage. Results indicated that pasteurizing colostrum for 120 min resulted in no detectable M. bovis, E. coli, S. enteritidis, L. monocytogenes, and M. paratuberculosis. They observed very little difference in concentration of IgG (60.5 and 59.1 g/L for raw and pasteurized colostrum, respectively). However, in higher quality colostrum, there was a numerical decrease in IgG in raw versus pasteurized colostrum (76.5 and 70.8 g/L for raw and pasteurized colostrum, respectively). McMartin et al. (2006) in a companion study to Godden et al. (2006) evaluated various temperatures for 120 min as they specifically affected the viscosity of the colostrum. Results indicated that as the temperature increased from 60°C to 63°C gel formation occurred. A reduction in IgG concentration was observed as pasteurization temperature increased from 59°C to 63°C. For example, IgG decreased (P < 0.05) from 76.1 g/L for a preheated sample (good quality colostrum) to 43.7 g/L (Poor quality colostrum) after pasteurizing at 63°C for 120 min. There were no differences for IgG when colostrum was pasteurized at 60°C for 120 min (71.6 and 70.4 g/L for preheated and postheated colostrum, respectively). This same research group then evaluated heating colostrum (60°C for 60 min) and feeding it to calves on a commercial dairy (Johnson et al., 2007). Colostrum was heated at 60°C for 60 min and quality characteristics were determined. Immunoglobulin G was similar between the raw and heated samples (72.6 and 67.3 g/L, respectively). The bacterial total plate count was reduced in the heated colostrum (P < 0.0001) compared to the raw colostrum. Calves (n = 50) received either pasteurized or raw colostrum. Results indicated that calves fed the pasteurized colostrum had greater (P = 0.001) serum IgG at 24 h (22.3 g/L) than calves fed the raw colostrum (18.1 g/L). In addition, AEA was greater (P < 0.001) for the calves fed the pasteurized colostrum (35.6%) compared to the calves fed the raw colostrum (26.1%). There were no differences in leukocyte, vitamin A, vitamin E, β-carotene, or cholesterol concentrations between the treatments. Similar results were observed for minerals and vitamins comparing heat-treated and unheated colostrum (Elizondo-Salazar and Heinrichs, 2009). These researchers observed similar values for colostrum whether unheated or heated for IgG concentrations with lesser bacterial counts as determined by standard plate count, and counts of environmental streptococci, coliforms, and non-coliforms (P < 0.05). Elizondo-Salazar and Heinrichs (2009) evaluated serum IgG at 0, 4, 8, 12, 16, 20, 24, and 48 h after birth and then weekly until 8 weeks of age. Results indicated that serum IgG was greater for every hour measured and then up to week 5 (P < 0.05) indicating that heating colostrum imparts a lasting effect on calf health. The AEA was enhanced for every hour except for 4 h for the heated colostrum compared to calves fed the unheated colostrum (P < 0.05). A large study (Godden et al., 2012) involving six dairy farms and 1,071 calves fed either fresh or heat-treated colostrum (60°C for 60 min) reported higher serum IgG (P < 0.0001) for calves fed the heated colostrum (18. 0 g/L) compared to the calves fed the fresh colostrum (15.4 g/L) congruous with Elizondo-Salazar and Heinrichs (2009). Results indicated that calves fed the fresh colostrum (36.5%) had an increased risk of treatment compared to calves fed heated colostrum (30.9%). Moreover, calves fed the fresh colostrum also had an increased risk of scours (20.7%) compared to calves fed the pasteurized colostrum (16.5%). Gelsinger et al. (2014) pasteurized (60°C for 30 min) three batches of colostrum with varying IgG concentrations (greater than 75 g/L = high quality, 60–75 g/L = medium quality, and less than 60 g/L = low quality). The final results after pooling colostrum were high-quality colostrum was IgG of greater than 90 g/L, medium quality was IgG of approximately 71 g/L, and low quality was IgG of between 52 and 56 g/L. Similar to the results of Godden et al. (2006), colostrum quality decreased the most when the high-quality colostrum was heated (92.3 g/L) compared to the unheated colostrum (98.8 g/L). There were very few differences between heating the medium quality and low-quality colostrum and the unheated colostrum. Earlier research indicated that pasteurizing colostrum reduced (P < 0.05) standard plate count and non-coliform counts regardless of colostrum quality. Over all colostrum qualities, heating improved plasma IgG (P = 0.03) and AEA (P = 0.01) at 48 h compared to the unheated colostrum (Gelsinger et al., 2014), but not in Gelsinger and Heinrichs (2017) where there were no differences between plasma IgG regardless of heating or not. Interestingly, feeding calves medium quality pasteurized colostrum resulted in similar plasma IgG concentration (22.5 g/L) as calves fed unheated high-quality colostrum fed calves (23.3 g/L). Kryzer et al. (2015) evaluated Jersey colostrum heated (60°C, 60 min) in either feeding bags or heated then stored in the feeding bag, frozen or fresh refrigerated colostrum. Results indicated that the pasteurized colostrum had reduced total plate counts and total coliform counts (P < 0.01) compared to the unheated colostrum. Calves fed the pasteurized colostrum had higher IgG and greater AEA at 24 h (P < 0.01). The results of these studies are likely due to the pasteurization process increasing IgG absorption by decreasing absorption of other colostral proteins. An important attribute of heat treatment is feeding the colostrum soon after heating. Gelsinger et al. (2015) pasteurized a batch of colostrum, froze half, and then treated the other half with 20 ml of untreated low bacteria colostrum and then incubated at 20°C for 72 h and then frozen. Values for IgG at 48 h after birth indicated that calves fed the bacteria-laden colostrum were less than 10 g/L, indicating the failure of transfer of passive immunity. Allowing the pasteurized colostrum to incubate can result in poor uptake of IgG and AEA with results similar to colostrum that was not pasteurized and allowed to incubate (Gelsinger et al., 2015). Colostrum should be fed immediately after pasteurization or frozen for later use.

Cytokines are present in colostrum and are higher than in whole milk, suggesting that they may be immunomodulatory (Hagiwara et al., 2000). Yamanaka et al. (2003) indicated that there were high concentrations of cytokines in colostrum and that they may compensate for the immature immune system and contribute to its maturation. There are limited data evaluating cytokines and the effect of heating or freezing on these important components of colostrum. Gelsinger and Heinrichs (2017) pasteurized good quality colostrum at 60°C for 60 min and compared it to unheated colostrum fed to bull calves. At 24–48 h of age, there were no differences between calves regarding IFNγ, but calves fed heated colostrum had a lower concentration of IL1β (P < 0.01). On days 14 and 35, calves were injected with 5.0 mg/ml of ovalbumin, and plasma concentrations of ovalbumin-specific IgG, IFNγ, and IL1β were used as markers of B-cell, T-cell, and innate cell activity. Plasma IFNγ was not different for calves injected with ovalbumin on day 14. Plasma IL1β concentrations were lower in the heated colostrum fed calves (P = 0.03) on day 14. Results of this study suggest that heating colostrum can impact some cytokine production. Data also suggest that heating colostrum for 60 min at 60°C can decrease colostral concentrations of lactoferrin (LF) and IGF-1. Both of these can be linked to intestinal epithelial development and improvement in overall calf health (LF).

In a large study using 587 calves fed either pasteurized colostrum and milk or nonpasteurized colostrum and milk, Armengol and Fraile (2016) observed that pasteurization decreased morbidity and mortality for calves fed pasteurized colostrum and milk to 5.2% and 2.8%, respectively, and calves fed the nonpasteurized colostrum and milk had morbidity and mortality rates of 15% and 6.5%, respectively (P < 0.01). These data confirm the on-farm use of pasteurization as a means of improving the health of growing dairy calves.

Another method of processing colostrum was the use of high-pressure processing. Foster et al. (2016) inoculated colostrum with E. coli, S. enterica enterica serovar Dublin, and M. paratuberculosis along with viruses. Results indicated that processing the inoculated colostrum at 300 MPa (30, 45, and 60 min) and 400 MPa (10,15, and 20 min) reduced the amounts of all the viable bacteria except for M. paratuberculosis. Calf serum IgG concentration (samples were taken 24 and 36 h after birth) was similar for calves fed the high pressure processed colostrum (17.1 g/L) or the heat-treated colostrum (22 g/L). However, AEA was reduced in calves fed the high pressure treated colostrum compared to heat treated colostrum (22.6% and 38%, respectively; P < 0.001).



Additives to Colostrum

In an attempt to increase the absorption of IgG, additives have been supplemented in colostrum. One of the earliest studies evaluating an addition to colostrum was the work of Baumwart et al. (1977) where potassium isobutyrate (KIB) was added to colostrum. This was based on data by Hardy (1969) where KIB was added to colostral whey in anesthetized calves and γ globulin absorption was increased. In the study of Baumwart et al. (1977), calves received 2.83 meq KIB/g of colostral γ globulin or a similar amount of distilled water added to colostrum. Results indicated that adding the KIB tended (P < 0.08) to reduce IgG uptake.

Laskowski and Laskowski (1951) showed that colostrum contains a trypsin inhibitor (TI), and Sandholm and Hokanen-Buzalski (1979) confirmed that it changes in cow colostrum with the greatest amount in colostrum harvested close to calving. Trypsin inhibitor would reduce protein digestion allowing for more intact IgG absorption across the small intestine. One of the first studies to investigate the addition of TI was conducted by Jensen and Pedersen (1982) with colostrum-deprived piglets where they received sow colostrum TI. Results indicated that IgG and IgA were greater (P < 0.01) 6 h after feeding compared to piglets receiving saline. In calves, gastric protease is active on day 1 of life (Huber et al., 1961) suggesting that inhibiting trypsin can be beneficial in improving IgG uptake.

Quigley et al. (1995) added 1 g of soybean TI to 1 L of colostrum and fed up to 12 h after birth and then 12 h later to Jersey calves compared to calves not receiving TI. Results indicated that adding TI increased IgG uptake by 16% and IgM by 30% compared to calves not receiving the TI. Calves not receiving TI had excellent 24 h IgG greater than 27 g/L, whereas calves receiving the TI at birth had 34.4 g/L IgG (P < 0.05). In a similar study but using colostrum supplement or colostrum, Santoro et al. (2004) fed 1 g soybean TI added at the first two feedings (0.5 g) and observed no beneficial effects regardless of feeding colostrum on IgG uptake or AEA in the first 24 h after birth compared to calves receiving no supplemental TI (IgG of 13.5 and 15.7 g/L; 21.4% and 21.0% AEA, respectively).

Fratric et al. (2005) added Z to colostrum ranging in quality of IgG from 83.11 to 96.75 g/L. Calves were fed either 0.75 or 1.5 L at 12 h intervals on day 1 of life with or without Z (5 g/L). Zeolite increased (P < 0.01) serum IgG in calves at 24 h in the calves fed 1.5 L twice per day compared with calves not fed Z (35.2 and 25.4 g/L, respectively). It is not clear how Z supplementation resulted in increased serum IgG. Gvozdic et al. (2007) fed 3.0 L of colostrum with or without a 20-ml suspension of clinoptilolite (a mineral similar to Z) with greater (P < 0.05) 24 h serum IgG for calves fed the clinoptilolite (35.2 g/L) compared to calves not fed the suspension (25.3 g/L).

Kamada et al. (2007) and Hall et al. (2014) indicated that adding Se (Na-selenite) to colostrum improved IgG uptake. Kamada et al. (2007) conducted two experiments regarding the effect of adding Se to colostrum. In experiment 1, they added Se to calves fed concentrations of Se from 0.2, 1.0, and 5.0 ppm added to colostrum fed over four feedings (colostrum and transition milk from the subsequent milkings). All colostrum and subsequent milkings came from one cow with IgG concentration ranging from 129 to 24.3 g/L. One liter was fed within 2 h of birth and 2 L of second, third, and fourth milkings were provided at 12, 24, and 36 h of life. Serum IgG concentration at 24 h was 20% greater in selenium supplemented colostrum fed calves compared to control calves (P < 0.04). Five parts per million were too much and reduced IgG uptake. In their second experiment, Kamada et al. (2007) found that adding 1 ppm in the first feeding was as effective as adding it to colostrum and transition milk (calves were fed as in experiment 1). Hall et al. (2014) observed similar results with 3 mg/L Se of colostrum with serum IgG concentrations 56% higher than controls (17.2 and 11.4 g/L for treated and control calves, respectively). Kamada et al. (2007) speculate that a complex forms between the Se and IgG enhancing the uptake of IgG via pinocytosis.

The addition of sodium bicarbonate (SB;7.3 g/kg) to fermented colostrum to raise the pH to 6.15 resulted in increased absorption of IgG by calves, but not as great as calves fed unfermented colostrum (Foley et al., 1978). Adding SB to colostrum has a bacteriostatic effect on E. coli O 111 (Griffiths and Humphreys, 1977) and likely could benefit and enhance IgG uptake. Chapman et al. (2012) added SB to pooled maternal colostrum (9 batches pooled and frozen). Calves were fed 2.68 L of colostrum (82.1 ± 8.5 g/L) with or without 20 g of SB within 75 min of birth and another 1.32 L of colostrum with or without SB 6 h later. Serum IgG was greater than 30 g/L at 24 h of age and AEA was greater than 32% regardless of treatment. Results of this study indicated no benefit of adding SB to colostrum.

Lactoferrin (LF) is an iron-binding whey protein found in colostrum at 1–2 g/L (Molenaar et al., 1996). It is involved in the development of the intestine and the immune system in mice and humans (Shah, 2000; Zhang et al., 2001). Connelly and Erickson (2016) added 1 g of supplemental LF or 0 LF between two feedings of 2 L of colostrum fed to 24 bull calves at birth and 8 h later. Immunoglobulin G concentrations were 55.5 and 53.25 g/L for the control and LF treatments, respectively. On day 2 of life calves, were subjected to a xylose challenge (Merritt and Duelly, 1983) to determine any effect of supplementing colostrum with LF on intestinal development. At this time, calves were fed an all-milk, milk replacer. There was no benefit of adding LF to colostrum on day 1 of life as serum IgG at 24 h, and AEA was similar across treatments. Nor were there any changes in serum xylose concentration on day 2 of life indicating no effect of adding LF to colostrum on intestinal epithelium development.



Colostrum Production Challenges

Jersey cows produce high-quality colostrum (greater than 50 g/L IgG) but, sometimes, at the expense of production. For example, a study was conducted in the author’s laboratory where out of forty multiparous Jersey cows, 10 produced < 2 L with one cow producing no colostrum at the first milking. There were no outward differences among treatments. Recently, Gavin et al. (2018) evaluated a 2,500 cow dairy in Texas to evaluate photoperiod, parity, weather, and various production parameters on colostrum production. Colostrum was collected over a year. In May of 2016, cows average 6.6 kg colostrum, whereas in December, cows averaged 2.5 kg/day. Multiparous cows produced 1.3 kg in December. Cows decreased production of colostrum on average by 0.17 kg/week with multiparous cows declining by 0.22 kg/week from May until December. In December, over 35% of the multiparous cows calving produced no colostrum while 1% of first parity cows produced no colostrum. Apparently, cow age affects colostrum production in Jersey cows. Gavin et al. (2018) used logistic regression to determine what would cause a decrease in the production of at least 2.7 kg of colostrum. Older cows had a 1.38 (37–48 mo), 2.06 (49–60 mo), and 2.27 (older than 60 mo) greater odds of producing less than 2.7 kg of colostrum compared to cows younger than 37 mo. Cows with a shorter dry period (45 days) had 1.88 times greater odds of low colostrum production compared to cows with a 75-day dry period. Cows with a 45-day dry period had a 1.69 greater odds ratio of low colostrum production compared to cows with a 65-day dry period. This response may be due to changes in photoperiod which can affect the production of hormones needed for lactogenesis and colostrogenesis. However, there are no studies evaluating photoperiod specifically on colostrum production and quality.

The environment can affect colostrum quality. Gulliksen et al. (2008) in Norway observed that the best colostrum (highest IgG concentration) was produced in late summer and early autumn. However, data from Ireland (Conneely et al., 2014) observed that the best quality colostrum was produced during the winter and early spring.



Colostrum Quality Prediction Equation

Cabral et al. (2016) developed a model to predict colostrum quality using previous lactation and environmental data from nine Holstein herds (108 samples) and validated it with 27 samples from nine other Holstein herds. The model required some data transformation to a natural logarithm (Ln). The equation to predict colostrum quality (IgG, g/L) is as follows:

Ln IgG = 4.03684 + 2.28887 (Ln FY) − 2.1529 (Ln FP) − 2.25429 (Ln PY) + 2.10609 (Ln PP) + 0.14457 (Ln Par) − 0.00025683 (PTAM) + 0.01553 (D>) − 0.05018 (PASWK); R2 = 0.56, where FY is the previous lactation milkfat yield, FP is the previous lactation milkfat percent, PY is the previous lactation milk protein yield, PP is the previous lactation milk protein percent, Par is the previous lactation parity, PTAM is the predicted transmitting ability – milk, D> is the days when the maximum environmental temperature was over 23°C, and PASWK is the number of weeks during the dry period when a cow was on pasture. These data indicate that previous fat yield, previous protein percent, parity, and days above the thermal neutral zone were all positively related to colostrum quality. Whereas previous fat percent, protein yield, PTAM, and weeks on pasture during the dry period were all negatively related to colostrum quality. There are no models to predict colostrum yield which would benefit the industry as it pertains to low colostrum production.



Colostrum Replacers

CRs are an important tool for the dairy producer because cows can sometimes not produce adequate amounts of colostrum, and it can pass organisms onto the calf such as E. coli and M. bovis. In addition, colostrum quality can sometimes be a challenge. Gulliksen et al. (2008) observed that in colostrum collected from 1,250 Norwegian dairy cows, 57.8% produced colostrum that failed to meet the 50 g of IgG/L threshold. Whereas Morrill et al. (2012) found that only 39.4% of colostrum samples met the minimum of less than 100,000 cfu/ml for total plate count and the minimum IgG concentration. Therefore, it is necessary for dairy producers to have an alternative source of IgG for neonatal calves. CRs can be a suitable alternative. CRs need to provide more than 100 g of IgG per dose to achieve a fair value for serum IgG at 24 h (at least 10g/L; Quigley et al., 2001). Sources for IgG vary and range from blood-based or colostral-based CR. In one of the earliest studies evaluating CRs, Quigley et al. (2001) evaluated blood serum-based colostrum supplement (CS; 90 g of IgG) to blood-based CR (244 g of IgG) fed to 160 calves. Results indicated that calves fed CR had serum IgG of 14.1 g/L at 24 h, whereas calves fed the CS failed to attain transfer of passive immunity. Shea et al. (2009) compared passive transfer status in calves fed either 1 dose (105 g of IgG) or two doses one at birth and one at 12 h. Lactoferrin was added at a rate of 1g. Results indicated that calves fed only one dose had barely attained passive transfer of IgG by 24 h (10.7 g/L), whereas calves fed two doses had a greater (P < 0.001) concentration of serum IgG (14.4 g/L). Supplementing LF in this case reduced AEA. Possibly, LF was competing with IgG for absorption across the small intestine. Adding SB to CR was effective to increase serum IgG (P < 0.05) in one study where 20 g of SB was added to 66 g of IgG and 10 g of SB to the next feeding of 66 g of IgG in a CR compared to no addition of SB (IgG of 16.3 and 13.2 g/L, respectively; Morrill et al., 2010). However, in another study (Cabral et al., 2011) conducted in the same laboratory adding graded levels of SB (0, 15, 30, or 45 g SB) with one feeding of CR, a negative linear response was observed. The authors suggested that the 45 g of SB treatment may have caused the calves to enter a metabolic alkalosis. In a follow-up study conducted on a commercial dairy, Cabral et al. (2014) added 30 g of SB to a CR and observed a highly significant reduction in serum IgG (P < 0.01). Upon further investigation, dams of calves used in this study were not fed an anionic salt-based diet and the addition of the SB could have caused a metabolic alkalosis in these calves.

From these studies, CR is advantageous as long as more than 100 g of IgG is provided and SB can be beneficial to aid in IgG uptake but only likely in calves born of cows on a diet that causes metabolic acidosis (anionic diet).



Conclusion

Colostrum is a critical necessity in a neonatal calf’s life through the provision of antibodies, maternal cells, and nutrients. Research is currently being conducted to investigate the effects of other components of colostrum on intestinal epithelial growth and the propensity for calves fed more colostrum to produce more milk as cows. More research studies need to be conducted to fully evaluate the contribution of this important lacteal secretion to the calf and eventually cow performance.
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