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SUMMARY: 30 
Bovine colostrum is both a primary source of nutrients and immunological support for the 31 
newborn calf. The understanding of the level of therapeutic proteins (lactoferrin and IgG) is 32 
important for the bovine colostrum dosing and standardization for human consumption. 33 
 34 
ABSTRACT: 35 
Colostrum is a complex biological fluid produced by mammals immediately after parturition. It 36 
meets all the nutritional requirements for neonates as a good source of macro- and 37 
micronutrients, bioactive peptides, and growth factors. Bovine colostrum is also a potential 38 
source of nutrition and bioactive because of its rich protein content that includes 39 
immunoglobulin G (IgG) and lactoferrin. However, the level of lactoferrin and IgG in bovine 40 
colostrum changes markedly during the lactation period. Therefore, monitoring the 41 
concentration of IgG and lactoferrin for the use of bovine colostrum as a protein source is an 42 
important question to study. Methods in this article describe how to determine protein content, 43 
as well as specific concentrations of lactoferrin and IgG. These methods include the following 44 
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steps: Isolation of bovine colostrum proteins, Determination of protein concentration via 45 
Bicinchoninic acid assay (BCA), Visualization of proteins via SDS-PAGE, Determination of 46 
lactoferrin, and IgG concentration using an ELISA Assay. 47 
 48 
INTRODUCTION: 49 
Colostrum is the initial secretion of the mammary gland produced by mammals shortly after 50 
parturition. Colostrum is rich in macro- and micronutrients, antimicrobial peptides, and growth 51 
factors1–4. The composition varies gradually over time through the transition to mature milk5–7 52 
but most significantly within 24 h after parturition8. The composition of colostrum is also 53 
influenced by maternal factors, including age, parity, breed, health, and nutritional status, as well 54 
as extrinsic factors, including season, premature parturition, premature lactation, colostral 55 
handling factors (pooling colostrum and storage temperature), and induction of parturition9–11. 56 
Compared with mature milk, colostrum contains less lactose and more fat, protein, peptides, 57 
non-protein nitrogen, ash, hormones, growth factors, cytokines, nucleotides, vitamins, and 58 
minerals12. Bovine colostrum contains a wide range of proteins, including immunoglobulins, 59 
lactoferrin, α-lactalbumin (α-LA), β-lactoglobulin (β-Lg), lactoperoxidase, and several growth 60 
factors13. The total protein concentration of bovine colostrum ranges between 11.26 mg/mL and 61 
169.55 mg/mL14. The protein content comprises whey and casein at an average concentration of 62 
124.00 mg/mL and 26.00 mg/mL, respectively15. The whey portion contains three major types of 63 
immunoglobulins (Igs) as IgG (85%–90%), IgM (7%), and IgA (5%)16. The major Ig in bovine 64 
colostrum is IgG, which provides passive immunity and modulates the adaptive and innate 65 
immune systems in the calf17. The initial Ig concentration of the first milking bovine colostrum 66 
can range from 20 to 200 mg/mL and decrease to around 0.4–1.0 mg/mL18. The mean IgG 67 
concentration is approximately 60 mg/mL and declines steadily to the levels below 1 mg/mL 68 
throughout the transition to mature milk19. 69 
 70 
Another important bioactive protein in colostrum is lactoferrin, an iron-binding glycoprotein with 71 
a concentration of 1.5–5 mg/mL. Properties of lactoferrin include enhancing iron absorption as 72 
well as possessing antimicrobial activity20,21, binding lipopolysaccharide, immune-modulation, 73 
and stimulating the growth of intestinal epithelial cells and fibroblasts22. Bovine colostrum also 74 
contains α-lactalbumin and β-lactoglobulin. These proteins are sources of essential amino acids 75 
and also have bactericidal activity23–25. The mean α-LA and β-Lg concentrations in colostrum 76 
average 2.77 mg/mL2, and 11.5 mg/mL26, respectively. Thereafter, these concentrations decrease 77 
to 1–1.5 mg/mL27, and 4.8 mg/mL26 in mature milk. Colostrum also contains a significant amount 78 
of lactoperoxidase (mean 22.8 µg/mL) and lysozyme (mean 0.40 µg/mL)26. Lactoperoxidase is a 79 
glycoprotein that possesses antimicrobial activity against Gram-positive and negative bacteria28 80 
by producing reactive oxygen species. Lysozyme functions as an antimicrobial agent by cleaving 81 
the peptidoglycan component of bacterial cell walls, thereby leading to cell death29,30. 82 
 83 
Due to their properties, IgG and lactoferrin are processed into different food products to fortify 84 
infant formulas, food supplements, high-protein preparations for convalescents and sportsmen 85 
as well as in pharmacology and cosmetology31–33. Bovine colostrum represents an important 86 
source of IgG and lactoferrin. However, the composition of these bioactive proteins in bovine 87 
colostrum changes markedly during the lactation period. Therefore, monitoring changes in the 88 



 

concentration of these bioactive proteins in colostrum samples used for research and food 89 
processing is critical. This study aims to describe the methods for monitoring the concentration 90 
and compositions of the total protein, lactoferrin, and IgG in bovine colostrum during the 6 days 91 
after calving. 92 
 93 
PROTOCOL: 94 
Colostrum samples were collected for 6 days after calving in the noon over the period July–95 
August, from 28 Holstein dairy cows from Uluova Milk Trading Company in Çanakkale, Turkey, 96 
and deep-frozen. The samples collected on the same day were pooled according to the day of 97 
each sample and analyzed for their total protein, lactoferrin, and IgG concentrations. All samples 98 
were assayed in duplicate. 99 
 100 
1. Sample preparation 101 
 102 
1.1. Mix 200 µL of bovine colostrum with 400 µL of dH2O to obtain a diluted sample for the 103 
analysis. Dilute all the samples accordingly. 104 
 105 
1.2. Centrifuge diluted and undiluted samples at 4 °C, 1000 x g for 30 min. 106 
 107 
1.3. Separate the middle phase to an appropriately labeled new tube. Repeat step 1.2. to 108 
obtain clear middle phase. Store the whole middle phase and diluted samples at -20 °C, if not 109 
used immediately. 110 
 111 
1.4. Use the middle phase obtained from diluted samples for BCA, SDS-PAGE, and Lactoferrin 112 
assays. Collect the middle phase from undiluted samples for IgG assay. 113 
 114 
1.5. Prepare sample dilutions for each sample to ensure that the readings are within the 115 
standard curve range. Dilute each middle phase obtained from the diluted samples to 1:300 for 116 
BCA assay, and 1:30,000 for Lactoferrin assay, and dilute each middle phase obtained from 117 
undiluted samples to 1:400,000 for IgG assay. 118 
 119 
NOTE: Dilution factors are determined based on the absorbance value and standard curve. 120 
 121 
2. Determine the protein concentration using BCA protein assay kit 122 
 123 
2.1. Preparation of standards and reagents 124 
 125 
2.1.1. Use the reagents provided in the commercially available kit (see Table of Materials) to be 126 
used for the assay: BCA reagent A, containing sodium carbonate, sodium bicarbonate, 127 
bicinchoninic acid, and sodium tartrate in 0.1 M sodium hydroxide. BCA reagent B contains 4% 128 
cupric sulfate. Albumin (BSA) standards, contains bovine serum albumin at 2.0 mg/mL in 0.9% 129 
saline and 0.05% sodium azide. 130 
 131 
2.1.2. Equilibrate all samples and protein standards to room temperature (RT). 132 



 

 133 
2.1.3. Prepare sufficient volumes of working reagent (WR) by mixing 50:1 ratio of reagent A:B. 134 
200 µL of WR is required for each sample and standard. 135 
 136 
2.1.4. Prepare diluted albumin (BSA) standards according to the following dilution scheme 137 
(Table 1), that presents a working range between 20–2,000 µg/mL final BSA concentration. Use 138 
dH2O as diluent. 139 
 140 
[place Table 1 here] 141 
 142 
2.2. BCA assay procedure 143 
 144 
2.2.1. Transfer 25 µL of each BCA standard or sample into a 96-well plate. Add 200 µL of the WR 145 
to each well-containing standard or sample. Mix the plate thoroughly on a plate shaker for 30 s. 146 
 147 
2.2.2. Cover the plate with a plate sealer and incubate at 37 °C for 30 min. After incubation, 148 
allow the reactions to equilibrate to RT for around 10 min. Read each plate at 562 nm using a 149 
microplate reader with its associated software. 150 
 151 
2.3. Generating standard curve and determining results 152 
 153 
2.3.1. Record the absorbance values for the standards and samples. Please see Table 1 for the 154 
dilution series. Subtract absorbance values of the standard blank from each absorbance value of 155 
standards and sample. Average the duplicate readings for each standard and sample to estimate 156 
total protein concentration. 157 
 158 
2.3.2. Construct a standard curve by plotting the corrected mean absorbance for each standard 159 
on the x-axis and concentration on the y-axis. Draw a linear curve with appropriate software 160 
capable of the four-parameter curve fit. 161 
 162 
2.3.3. Use the standard curve to determine the concentration of each sample by interpolating 163 
its response to the concentration. Multiply with the dilution factor (step 1.5) to obtain the actual 164 
concentration of the sample. 165 
 166 
3. Visualization of protein using SDS-PAGE assay 167 
 168 
3.1. Preparation of sample and solutions 169 
 170 
3.1.1. Prepare stock solutions 171 
 172 
3.1.1.1. Prepare 10% (w/v) SDS, 1.5 M Tris-HCl pH 8.3, 0.5 M Tris-HCl pH 6.8, 10% (w/v) 173 
ammonium persulfate (APS) solution (prepare fresh). 174 
 175 
3.1.1.2. 10% (w/v) SDS: Weigh 1 g of SDS and add 10 mL of dH2O. 176 



 

 177 
3.1.1.3. 1.5 M Tris-HCl pH 8.8: Weigh 18.15 g of Tris and dissolve with ~60 mL of dH2O. 178 
Adjust to pH 8.8 with HCl. Add dH2O to bring the volume to 100 mL. 179 
 180 
3.1.1.4. 0.5 M Tris-HCl pH 6.8: Weigh 6.00 g of Tris and dissolve with ~60 mL of dH2O. 181 
Adjust to pH 6.8 with HCl. Add dH2O to bring the volume to 100 mL. 182 
 183 
3.1.1.5. 10% APS: Weigh 15 mg of APS and add 150 µL of dH2O. 184 
 185 
CAUTION: Acrylamide and SDS are toxic and harmful. Wear protective gloves and work under a 186 
hood. 187 
 188 
3.1.2. Prepare the sample buffer by adding 50 µL of β-Mercaptoethanol into 950 µL of 2x SDS-189 
PAGE sample buffer. 190 
 191 
CAUTION: β-mercaptoethanol is toxic if inhaled. Wear protective gloves and work under a hood. 192 
 193 
3.1.3. Prepare the running buffer by mixing 100 mL of 10x Tris-glycine SDS Running Buffer with 194 
900 mL of dH2O. 195 
 196 
3.1.4. Prepare the staining solution (45% dH2O, 45% Methanol, 10% glacial acetic acid, 2 g of 197 
Coomassie Brilliant Blue R). 198 
 199 
3.1.5. Prepare the destaining solution (50% dH2O, 40% Methanol, 10% glacial acetic acid). 200 
 201 
3.2. Preparation of gel 202 
 203 
3.2.1. Prepare the electrophoresis unit equipment, including gel cassette, power supplies, 204 
electrodes, and cables for the assay. Clean the glass plates with ethanol and assemble the 205 
sandwich. Ensure that the lower edges of glass plates and spacers are well aligned. 206 
 207 
3.2.2. Prepare the separating gel mixture containing 3.5 mL of dH2O, 2.4 mL of 40% 208 
Acrylamide/Methylene bis Acrylamide, 2 mL of 1.5M Tris-HCl, 100 µL of 10% (w/v) SDS, 80 µL of 209 
10% APS, 8 µL of N,N,N′,N′-Tetramethyl ethylenediamine (TEMED). 210 
 211 
CAUTION: TEMED is toxic and/or an irritant. Wear protective gloves and work under a hood. 212 
 213 
3.2.3. Pour the separating gel mixture into the gel plates to a level approximately 1–1.5 cm 214 
below the top of the shorter plate. 215 
 216 
3.2.4. Layer the top of the separating gel with isopropanol to remove bubbles at the top of the 217 
gel and keep the polymerized gel from drying out. 218 
 219 
3.2.5. Pour isopropanol on top of the separating gel after the separating gel has polymerized for 220 



 

at least 15 min. 221 
 222 
3.2.6. Prepare the stacking gel mixture containing 1.92 mL of dH2O, 300 µL of 40% 223 
Acrylamide/Methylene bis Acrylamide, 750 µL of 0.5M Tris-HCl, 100 µL of 10% (w/v) SDS, 30 µL 224 
of 10% APS, and 3 µL of TEMED. 225 
 226 
3.2.7. Pour the stacking gel solution on top of the separating gel so that gel plates are filled. 227 
Insert the comb to the top of the spacers. 228 
 229 
3.2.8. Let the stacking gel polymerize at room temperature for approximately 15 min. 230 
 231 
3.3. Running the gel 232 
 233 
3.3.1. Attach the gel to the electrode assembly. Add freshly prepared 1x Tris-glycine SDS 234 
Running Buffer to both the chambers of the apparatus. 235 
 236 
3.3.2. Remove the comb. 237 
 238 
3.3.3. Load 5 µL of the ladder (10–250 kDa) and 8 µL of the middle phase of diluted samples into 239 
the wells of the gel. Run the gel at 80 V until the dye migrates into the separating gel and increase 240 
to 120 V until the dye reaches the bottom of the gel. Turn off the applied power after the dye 241 
reaches the bottom of the gel. 242 
 243 
3.4. Staining and destaining the gel 244 
 245 
3.4.1. Remove the gel from the apparatus once the run is complete and remove the spacers and 246 
glass plates. Place the gel into a small tray. 247 
 248 
3.4.2. Stain the gel by adding staining solution (step 3.1.4) for 30 min with gentle shaking at 55 249 
rpm. 250 
 251 
3.4.3. Pour off the staining solution from the gel. Rinse the gel with a little amount of destaining 252 
solution and discard the dye. 253 
 254 
3.4.4. Add a sufficient volume of destaining solution to cover the gel and destain with gentle 255 
shaking for ~1 h until the bands are visible. 256 
 257 
4. Lactoferrin concentration using a Bovine Lactoferrin ELISA 258 
 259 
4.1. Preparation of standards and reagents 260 
 261 
4.1.1. Use the commercially available Bovine LF/LTF/Lactoferrin ELISA Kit for this assay. 262 
 263 
4.1.2. Equilibrate all the samples and standards to RT. 264 



 

 265 
4.1.3. Prepare sufficient volumes of detection reagent A and B Working Solution that are 266 
responsible for binding to the captured antigen. 267 
 268 
4.1.4. Dilute the detection reagents A and B to a ratio of 1:100 using assay diluents A and B, 269 
respectively. 270 
 271 
4.1.5. Prepare a 1x working wash buffer by diluting the 30x wash buffer concentrate with dH2O. 272 
 273 
4.1.6. Put a sufficient amount of 3,3′,5,5′-Tetramethylbenzidine (TMB) substrate solution into a 274 
sterile microtube. 275 
 276 
4.1.7. Resuspend one tube of lyophilized standard (100 ng/mL) with 0.5 mL of the sample 277 
diluent and incubate at RT for 10 min with gentle agitation. Spin the vial to ensure that all of the 278 
lyophilized sanple is collected at the bottom. 279 
 280 
4.1.8. Prepare a standard dilution series according to the following dilution scheme (Table 2). 281 
 282 
[place Table 2 here] 283 
 284 
4.2. Measuring the concentration of Bovine Lactoferrin 285 
 286 
4.2.1. Pipette 100 µL of each lactoferrin standard or sample into the coated 96-well strip plate. 287 
Cover the plate with a plate sealer to avoid evaporation. Incubate at 37 °C for 1 h. 288 
 289 
4.2.2. Aspirate the liquid of each well. Add 100 µL of the detection reagent A working solution 290 
to each well. Cover with a plate sealer and gently agitate to ensure thorough mixing. Incubate at 291 
37 °C for 1 h. 292 
 293 
4.2.3. Wash three times by adding approximately 350 µL of 1x wash buffer after aspirating the 294 
liquid from each well. Allow each wash to sit for 1–2 min before completely aspirating. After the 295 
last wash, aspirate to remove any remaining wash buffer, then invert the plate and tap against a 296 
clean absorbent paper. 297 
 298 
4.2.4. Add 100 µL of the detection reagent B working solution to each well. Cover with a new 299 
plate sealer. Incubate at 37 °C for 30 min. Aspirate the liquid from each well and wash it five times 300 
as described in step 4.2.3. Put 90 µL of TMB substrate solution into each well, and cover with a 301 
new plate sealer. 302 
 303 
4.2.5. Incubate at 37 °C for 10–20 min away from light. Check the optimal color by monitoring 304 
periodically. Observe that the intense blue color in the well includes high concentrate lactoferrin. 305 
 306 
4.2.6. Add 50 µL of stop solution to each well. The color will change from blue to yellow. 307 
Measure the absorbance of each well immediately at 450 nm using a microplate reader with its 308 



 

associated software. 309 
 310 
NOTE: Tap the plate gently to ensure thorough mixing until the color change is uniform. 311 
 312 
4.3. Generating standard curve and determining results 313 
 314 
4.3.1. Follow step 2.3.1 for data generation to estimate lactoferrin concentration. 315 
 316 
4.3.2. Construct a standard curve by plotting the corrected mean absorbance for each standard 317 
as described in step 2.3.2 but drawing a polynomial curve with appropriate software capable of 318 
the four-parameter curve fit. 319 
 320 
4.3.3. Calculate the lactoferrin content of each sample by interpolating the absorption value 321 
onto the generated equation as described in step 2.3.3. 322 
 323 
5. IgG concentration determination of samples using Bovine IgG ELISA 324 
 325 
5.1. Preparation of standards and reagents 326 
 327 
5.1.1. Use the items required from the ones provided in the Bovine IgG ELISA Kit. 328 
 329 
5.1.2. Equilibrate all the samples and standards to RT. 330 
 331 
5.1.3. Prepare sufficient volumes of working Enzyme-Antibody Conjugate solution by diluting 10 332 
µL of horseradish peroxidase (HRP)-avidin concentrate (100x) with 990 µL of Enzyme-Antibody 333 
Conjugate diluent. 334 
 335 
5.1.4. Prepare sufficient volumes of 1x wash buffer by diluting 20x wash buffer concentrate with 336 
dH2O. 337 
 338 
5.1.5. Prepare sufficient volumes of the 1x diluent solution by diluting 20x diluent concentrate 339 
with dH2O. 340 
 341 
5.1.6. Add 1.0 mL of dH2O to the bovine IgG calibrator and mix gently until dissolved. The final 342 
concentration of the calibrator is 123.000 ng/mL. 343 
 344 
5.1.7. Prepare standard dilution series according to the dilution scheme described in Table 3. 345 
 346 
[place Table 3 here] 347 
 348 
5.2. Bovine IgG ELISA assay procedure 349 
 350 
5.2.1. Pipette 100 µL of each IgG standard or sample into the coated 96-well strip plate. Cover 351 
the plate with a plate sealer and incubate at RT for 30 min. Aspirate the liquid from each well. 352 



 

 353 
5.2.2. Wash four times by filling wells with 1x wash buffer and aspirate. After the last wash, 354 
aspirate to remove any residual wash buffer, then invert the plate and tap against clean 355 
absorbent paper. Add 100 µL of appropriately diluted Enzyme-Antibody Conjugate to each well. 356 
Cover with a plate sealer and gently agitate to ensure thorough mixing. 357 
 358 
5.2.3. Incubate at RT for 10 min. Wash and remove residual wash buffer from the wells as 359 
described in step 5.2.2. Add 100 µL of TMB substrate to each well; cover with a new plate sealer. 360 
 361 
5.2.4. Incubate at RT for precisely 10 min away from light. Stop the reaction by adding 100 μL 362 
of stop solution to each well. Read each plate at 450 nm using a microplate reader with its 363 
associated software. 364 
 365 
5.3. Generating standard curve and determining results 366 
 367 
5.3.1. Follow step 2.3.1 for the data edition to estimate IgG concentration. 368 
 369 
5.3.2. Construct a standard curve by plotting the concentration on the x-axis and the corrected 370 
mean absorbance for each standard on the y-axis. Draw a polynomial curve with appropriate 371 
software capable of the four-parameter curve fit. 372 
 373 
5.3.3. Calculate the IgG content of each sample by interpolating the absorption value onto the 374 
generated equation as described in step 2.3.3. 375 
 376 
REPRESENTATIVE RESULTS: 377 
 378 
Following the protocol, the bovine colostrum samples were analyzed to determine protein, 379 
lactoferrin, and IgG concentration. The results of protein, lactoferrin, and IgG analyses of bovine 380 
colostrum are shown in Table 4. 381 
 382 
[place Table 4 here] 383 
 384 
The protein concentrations of the samples were determined with the BCA assay, which is a 385 
Copper-based colorimetric method for quantification of total protein in a sample. In this method, 386 
Cu+2 is reduced to Cu+ by an alkaline medium, and Cu+ reacts with the BCA resulting in intense 387 
purple color. This method is robust and highly sensitive over a broad range of protein 388 
concentrations and protein compositions. In this method, the samples were put into the wells, 389 
and a working reagent was added to each well and incubated at 37 °C for 30 min. After 390 
incubation, the plate was cooled to RT, and absorbance was measured at 562 nm on a plate 391 
reader. The changes in protein concentrations of bovine colostrum from 28 bovines collected at 392 
different time points are shown in Figure 1. The mean concentration of protein was 393 
approximately 41.00 mg/mL ranging from 154.85 to 15.72 mg/mL. Similar results were reported 394 
by Zhang et al. (2015)14. These results indicated an approximately 10-fold decrease in the protein 395 
concentrations from day 0 to day 6 and the rate of change was especially high within 24 h. 396 



 

 397 
Qualitative analysis of protein molecular weight and semi-quantitative analysis of protein 398 
aggregates and fragments of bovine colostrum was performed using SDS-PAGE (step 3). In this 399 
method, each protein is separated based on its molecular mass. The protein fragments of bovine 400 
colostrum are shown in Figure 2, as shown in different studies34–36.  401 
 402 
[place Figure 1 here] 403 
[place Figure 2 here] 404 
 405 
The lactoferrin and IgG concentrations were determined by sandwich ELISA, which measures the 406 
antigen concentration in an unknown sample. In this ELISA model, the target antigen is detected 407 
via anchoring between two antibodies37. This type of ELISA has more advantages such as high 408 
detection sensitivity, high specificity, and fast and accurate detection of antigen concentration in 409 
an unknown sample because of the use of two antibodies38. In the lactoferrin detection method, 410 
samples were added to the wells that are pre-coated with a lactoferrin-specific capture antibody, 411 
and target antigens were bound to capture the antibody. Unbound samples were washed away, 412 
and a biotin-conjugated detection antibody was added to each well to bind to the captured 413 
antigen. Unbound detection antibodies were washed away, and HRP conjugate was added to 414 
bind to the biotin and then unbound Avidin-HRP conjugate was washed away. TMB substrate was 415 
added to each well to result in color development through reacting with the HRP enzyme. The 416 
reaction was terminated by adding the sulfuric acid stop reaction (step 4)39–41. The amount of 417 
sample lactoferrin is proportional to the intensity of coloration. The concentration of lactoferrin 418 
in the first bovine colostrum was 1.72 mg/mL, which decreased to the value of 0.12 mg/mL after 419 
6 days of parturition as shown in Figure 3. The concentrations of lactoferrin detected here are in 420 
line with previous reports1,42. 421 
 422 
[place Figure 3 here] 423 
 424 
In the IgG detection method, samples were added to the wells that were pre-coated with IgG-425 
specific antibody, incubated at RT for 30 min, and then removed the contents of the wells. Anti-426 
IgG-HRP conjugated detector antibody was added into the wells, incubated for 10 min, and the 427 
unbound conjugate was washed away. The TMB substrate was added, which is catalyzed by HRP 428 
generating a blue color product to produce the enzymatic reaction. Formation of yellow color 429 
was obtained through the addition of an acidic stop solution. The amount of sample IgG is 430 
proportional to the intensity of yellow coloration39–41. The concentration of IgG concentration in 431 
the bovine colostrum samples is shown in Figure 4. The IgG concentration was found to be 78.30 432 
mg/mL for the first day after parturition. A similar result was reported previously3,43,44. This 433 
concentration is within the range reported in the literature42,45–49. The concentration of IgG was 434 
the highest in the first colostrum and thereafter rapidly decreased. 435 
 436 
[place Figure 4 here] 437 
 438 
 439 
FIGURE AND TABLE LEGENDS: 440 



 

 441 
Figure 1: Protein concentration of bovine colostrum (n=28).  442 
 443 
Figure 2: SDS-PAGE of bovine colostrum samples. IgG and Lactoferrin bands are shown.  444 
 445 
Figure 3: Lactoferrin concentration of bovine colostrum (n=28). 446 
 447 
Figure 4: IgG concentration of bovine colostrum (n=28). 448 
 449 
Table 1: Dilution scheme of BSA standards. 450 
 451 
Table 2: Dilution scheme of bovine lactoferrin standards. 452 
 453 
Table 3: Dilution scheme of bovine IgG standards. 454 
 455 
Table 4: Concentration of protein, lactoferrin, and IgG of bovine colostrum. 456 
 457 
DISCUSSION: 458 
 459 
This study provides information about considerable changes in the protein, lactoferrin, and IgG 460 
concentrations in colostrum throughout the transition to mature milk. Detection of changes in 461 
the lactoferrin and IgG concentration was carried out by sandwich ELISA, and total protein 462 
concentration was analyzed by the BCA assay. Results indicate that early colostrum has the 463 
highest protein, lactoferrin, and IgG concentration, that subsequently decreased over the next 3 464 
days. Accurate measurements of these proteins are relevant for the use of colostrum in the 465 
production of dairy foods such as yogurt50,51, milk drinks, and butter52, ice cream53, and 466 
fermented milks54. Bioactive proteins from bovine colostrum (e.g., lactoferrin, lysozyme, and Igs) 467 
are also utilized in the pharmaceutical industry55. Here, we showed that the composition of 468 
bovine colostrum is changing substantially over time. Thus, efficient and robust detection 469 
methods are critical to assess bovine colostrum and its derived bioactive components as 470 
supplementary ingredients in functional foods and the pharmaceutical industry. 471 
 472 
The BCA assay and ELISA are common techniques in molecular biology due to their high sensitivity 473 
of detection56. BCA is simpler and faster with its single process compared to the classical Lowry 474 
assay that has two steps57. BCA is advantageous over most dye-binding methods due to its 475 
robustness and reproducibility over a wide range of protein concentrations and compositions. 476 
Notably, while some detergents and denaturing agents such as urea and guanidinium chloride do 477 
not affect BCA, reducing sugars may have a negative effect58. Another advantage of the BCA assay 478 
is the possibility of assaying whole-cell lysates, affinity-column fractions, purified protein 479 
samples; this is a suitable method for industrial applications. One main disadvantage of this 480 
method is that incubation time is a critical step. Because the BCA method is not a true end-point 481 
method, the color development continues through incubation. Therefore, increasing incubation 482 
time can cause an increase in the net absorbance, thus decreasing the minimum detection level 483 
and the working range of the protocol58. Additionally, the presence of the cysteine, tyrosine, and 484 



 

tryptophan residues in the solution may affect the reaction and interfere with the results58. 485 
 486 
Bioactive multifunctional proteins lactoferrin and IgG have been detected and determined by 487 
various methods, including aptasensor, electrophoresis, chromatography radial 488 
immunodiffusion, and immunoassay according to their properties59. Among these methods, 489 
ELISA stands out with the advantages of being a simple procedure with high sensitivity and 490 
selectivity. Compared to other assays, ELISAs are compatible with high throughput testing, and 491 
most reagents are affordable, safe, and eco-friendly60. The ELISA method is widely used for the 492 
detection and quantification of low concentration components of serum, plasma, and other 493 
biological fluids as peptides, proteins, antibodies, hormones, drugs, a range of metabolites, and 494 
allergens. The Sandwich ELISA, containing two antibodies, detects different epitopes on the same 495 
target antigen, thus presenting high specificity sensitivity and a wider working range. It is also 496 
suitable for the accurate detection of antigens in unknown samples, and the antigen does not 497 
need to be purified beforehand. It can be utilized successfully for the determination of antigens 498 
present in low abundance, thus making it an ideal method for obtaining repeatable and precise 499 
results when working on complex substrates61. 500 
 501 
To obtain the best results, ELISA methods must be optimized. The aims of the optimization in 502 
assay development are both achieving a high signal-to-noise ratio and maintaining optimal 503 
responses. One of the essential steps for optimizing ELISA is washing. A thorough washing 504 
procedure is necessary to reduce background signal related to unbound, conjugated antibody 505 
and increase the assay’s signal-to-noise ratio. Insufficient washing can result in poor precision 506 
and falsely elevated absorbance and thus poor results. Assay timing and the incubation steps also 507 
play a key role in this assay. The interval between adding samples from the first to last wells 508 
should be minimized to prevent evaporation and drying out the wells. The other significant factor 509 
that impacts the ELISA is sample preparation. The samples should be prepared in different 510 
concentrations considering the detection limit of the substrate. Insufficient dilution can cause 511 
underestimation of the concentration, while overestimation can occur in excessive dilutions. 512 
Additionally, dilution optimization must be performed to ensure that the results fall within the 513 
linear portion of the standard curve62,63. 514 
 515 
Bovine colostrum is a high nutritional value fluid for a variety of food and functional applications. 516 
Components of colostrum have shown promise in various aspects of human health, including 517 
maintenance of gastrointestinal integrity64, preventing and resolving microbial infections5, 518 
reducing the number of upper respiratory tract infections and diarrheal episodes in children65,66 519 
in addition to enhancing performance and recovery for athletes67,68. Therefore, utilizing bovine 520 
colostrum or its bioactive components as a supplement has attracted considerable attention in 521 
different research and industrial fields. Detection methods are critical to accurately determine 522 
the level of the bioactive components of bovine colostrum. Here, we showed the application of 523 
the two commonly used and well-validated, widely used methods in molecular biology (ELISA and 524 
the BCA assay) for the detection of bioactive proteins of interest in colostrum. These methods 525 
are cost-effective, sensitive, accurate, and robust, and, importantly, are adaptable to high 526 
throughput applications, making them ideal candidates for both academic research and industrial 527 
applications. 528 
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Figure 1. Protein concentration of bovine colostrum. Click here to access/download;Figure;Figure1.JPG
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Figure 2. SDS-Page of bovine colostrum samples. Click here to access/download;Figure;Figure2.jpg
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Figure 3. Lactoferrin concentration of bovine colostrum. Click here to access/download;Figure;Figure3.JPG
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Figure 4. IgG concentration of bovine colostrum. Click here to access/download;Figure;Figure4.JPG
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Vial

Volume of 

Diluent 

(µL)

Volume and Source of 

BSA (µL)

Final BSA 

Concentration 

(µg/mL)

A 0 300 µl of stock 2000

B 125 375 µL of stock 1500

C 325 325 µL of stock 1000

D 175 175 of vial B diluton 750

E 325 325 of vial C dilution 500

F 325 325 of vial E dilution 250

G 325 325 of vial F dilution 125

H 400 100 of vial G dilution 25

I 400 0 0 = Blank

Table 1. Dilution scheme of BSA standards. Click here to access/download;Table;Table1.xlsx
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Vial 

Volume of 

Diluent 

(µL)

Volume and Source of Lf 

(µL)

Final Lf 

Concentration 

(ng/mL)

D1 0 500 µL of stock 100

D2 250 250 of vial D1 dilution 50

D3 250 250 of vial D2 dilution 25

D4 250 250 of vial D3 dilution 12.5

D5 250 250 of vial D4 dilution 6.25

D6 250 250 of vial D5 dilution 3,125

D7 250 250 of vial D6 dilution 1,563

D8 250 0 0 = Blank

Table 2. Dilution scheme of bovine lactoferrin standards. Click here to access/download;Table;Table2.xlsx
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Vial 

Volume of 

Diluent 

(µL)

Volume and Source of 

IgG (µL)

Final IgG 

Concentration 

(ng/mL)
D1 900 100 µL of stock 12300

D2 900 100 of vial D1 dilution 1230

D3 178 122 of vial D2 dilution 500

D4 150 50 of vial D3 dilution 250

D5 150 150 of vial D4 dilution 125

D6 100 100 of vial D5 dilution 62.5

D7 100 100 of vial D6 dilution 31.25

D8 100 100 of vial D7 dilution 15,625

D9 100 100 of vial D8 dilution 7,813

D10 100 0 0 = Blank

Table 3. Dilution scheme of bovine IgG standards. Click here to access/download;Table;Table3.xlsx
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Days Protein (mg/mL) Lactoferrin (mg/mL) IgG (mg/mL)

0 154.85 ± 43.88 1.72 ± 0.21 78.30 ± 29.01

1 37.75 ± 16.77 0.33 ± 0.04 25.22 ± 16.69

2 23.57 ± 1.42 0.23 ± 0.04 10.24 ± 4.76

3 18.42 ± 5.13 0.15 ± 0.12 5.73 ± 6.07

4 19.28 ± 1.69 0.10 ± 0.11 1.24 ± 0.46

5 16.93 ± 0.93 0.13 ± 0.03 1.60 ± 1.29

6 15.72 ± 0.81 0.12 ± 0.06 0.42 ± 0.09

Bovine Colostrum

Table 4. Concentration of protein, lactoferrin, and IgG of bovine
colostrum.
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Editorial and production comments: 
 
-We appreciate the comments for general changes needed in the article. We added responses 
for all comments in the text. We clarified the pooled samples and added citations related with 
the lactoferrin SDS-PAGE visualization as seen in below.  We would like to use hybrid filming 
forming and combined some of the shorter steps so that individual step contains no more than 
2-3 actions per step. We also highlighted in yellow upto 3 pages of the protocol section 
including headings and spacings. 
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