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ABSTRACT

Vigorous and prolonged physical training can impair im-
mune function, such as neutrophil and monocyte activity,
including phagocytosis and oxidative burst, which are crit-
ical for pathogen defense. These impairments can result in
immunosuppression, increasing athletes’ susceptibility to
illnesses, such as upper respiratory tract symptoms. Bovine
colostrum has been proposed as an efficient nutritional
strategy to reverse immunosuppression due to its immuno-
modulatory effects. This work evaluated the effects of bovine
colostrum supplementation on the phagocytic and oxidative
activity of neutrophils and monocytes from recreational ath-
letes. A pilot randomized, controlled, double-blind clinical
trial was designed. Twenty-seven recreational athletes were
supplemented with bovine colostrum (n = 16) or placebo
(n = 11) for four weeks. Phagocytosis and oxidative burst in
neutrophils and monocytes were assessed before and after
intervention using flow cytometry. Upper respiratory tract
symptoms were evaluated daily using WURSS-11 question-
naire. The results revealed a significant increase in neutrophil
and monocyte phagocytic and oxidative functions in the
bovine colostrum (p = 0.02) but not in the placebo (p =0.19)
group. No significant difference was observed in upper respi-
ratory tract symptoms between the groups at the end of the
intervention. In conclusion, bovine colostrum supplementa-
tion enhances neutrophil and monocyte function but does
not affect the incidence of upper respiratory tract symptoms
(ClinicalTrials.gov Identifier: NCT06123910).

Keywords: Immunonutrition; sports nutrition; immunosup-
pression.

RESUMEN

El entrenamiento fisico intenso y prolongado puede afectar
la funcién inmunitaria, como la actividad de los neutréfilos y
los monocitos, incluidos la fagocitosis y el estallido oxidativo,
que son fundamentales para la defensa contra patégenos.
Estas alteraciones pueden provocar inmunosupresion, lo
que aumenta la susceptibilidad de los deportistas a enferme-
dades, como los sintomas del tracto respiratorio superior. El
calostro bovino se ha propuesto como una estrategia nutri-
cional eficaz para revertir la inmunosupresién debido a sus
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efectos inmunomoduladores. Este trabajo evalué los efectos
de la suplementacién con calostro bovino sobre la actividad
fagocitica y oxidativa de los neutréfilos y monocitos de
deportistas recreativos. Se diseié un ensayo clinico piloto
aleatorizado, controlado y doble ciego. Veintisiete deportis-
tas recreativos recibieron suplementos de calostro bovino (n
= 16) o placebo (n = 11) durante cuatro semanas. Se evalu6
la fagocitosis y el estallido oxidativo en neutréfilos y mono-
citos antes y después de la intervencién mediante citometria
de flujo. Los sintomas del tracto respiratorio superior se
evaluaron diariamente mediante el cuestionario WURSS-11.
Los resultados revelaron un aumento significativo de las
funciones fagociticas y oxidativas de los neutréfilos y mono-
citos en el grupo del calostro bovino (p = 0.02), pero no en el
grupo del placebo (p = 0.19). No se observaron diferencias
significativas en los sintomas del tracto respiratorio superior
entre los grupos al final de la intervencién. En conclusién, la
suplementacion con calostro bovino mejora la funcién de los
neutréfilos y monocitos, pero no afecta a la incidencia de los
sintomas del tracto respiratorio superior (ClinicalTrials.gov
Identifier: NCT06123910).

Palabras clave: Inmunonutricion: nutricién deportiva; inmu-
nosupresion.

INTRODUCTION

Regular exercise benefits health, but vigorous, prolonged
training may impair immunity. An “open window of infec-
tion” can follow intense exercise, lasting hours (Walsh, 2019;
Williams et al., 2018). Recent research suggests that the
immune response to exercise is a complex and nuanced
process. Intense and prolonged exercise sessions have been
associated with transient decreases in phagocytic and oxi-
dative burst functions of neutrophils and monocytes, effects
that are modulated by training status, exercise intensity, and
recovery practices (Balogh et al., 2026; Shi et al., 2025). These
alterations may increase the susceptibility to diverse illness
such as upper respiratory tract symptoms (URTS). Soligard et
al. (2017) reported that 47 % of Olympic athletes in 2016 had
respiratory symptoms, indicating a high incidence of URTS in
elite sport due to airway inflammation. More recent research
has revealed that elite athletes show patterns of neutrophilic
or mixed inflammation and a high prevalence of respiratory
dysfunction (Jaeger et al., 2025).
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Nutritional interventions, including carbohydrate, fatty
acids, vitamin, and antioxidant supplementation, have been
proposed to mitigate immunosuppression (Bermon et al.,
2017). Furthermore, bovine colostrum (BC) has been suggest-
ed as an effective alternative. BC is a compound secreted by
cow mammary glands during the first hours after parturition.
The BC contains many components that can modulate im-
mune function (Bermon et al., 2017; Davison, 2021; Rathe et
al., 2014). BC consumption improves some neutrophil func-
tions in individuals under prolonged exercise training (Davi-
son and Diment, 2010; Jones et al., 2013, 2015; Shing et al.,
2007). Nevertheless, the results have been contradictory, and
the effect of BC supplementation on the phagocytic activity
of neutrophils in athletes is still unknown. Moreover, research
on the impact of BC supplementation on URTS incidence
has also been contradictory (Brinkworth and Buckley, 2003;
Crooks et al., 2010, 2006; Jones et al., 2013; Shing et al., 2007).
Therefore, the primary aim of this study was to evaluate the
effect of BC supplementation on the function of neutrophils
and monocytes in endurance athletes. A secondary aim was
to determine whether this nutritional intervention influences
the incidence of URTS in these participants.

MATERIALS AND METHODS

Participants and study design

A pilot, double-blind, placebo-controlled, randomized, par-
allel design study was conducted with an allocation ratio of
1:1. Participants were assigned to either the BC group (BC)
or the placebo (PLA) group (ClinicalTrials.gov Identifier:
NCT06123910). The study lasted four weeks. Recruitment
took place between June and August 2018. Fifty-two healthy
recreational endurance athletes, aged 18 to 50 years and
training for the Half Marathon in November 2018, the Grand
Marathon in December 2018, or the 21k Trial track in April
2019, were invited. Thirty-two agreed to participate (Figure
1).

The participants had at least three years of exercise
training, were non-smokers, had no history of chronic car-
diovasculardisease, and had no food allergies. The physical
activity level of the participants was evaluated through the
short version of the International Physical Activity Question-
naire (IPAQ) before the study. All the subjects were informed
about all the procedures performed and signed a consent
form.The protocol was evaluated and approved by the ethics
committee of the Centro de Investigacion en Alimentacion y
Desarrollo, A.C. (Approval No. CE/010/2018).

Sample size and randomization

Convenience sampling was performed for the current study.
The randomization process was stratified with a randomized
block design within each stratum. Three imbalance blocks
(block 1, n = 8; block 2, n = 15; block 3, n = 9) were used in
the total randomized process. Age, sex, and VO,max variables
were considered for randomization. Randomization was per-
formed by a researcher with no relationship to the study.
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Figure 1. Participants flow chart.
Figura 1. Diagrama de flujo de participantes.

Intervention protocol

Participants visited the laboratory twice, previous inter-
vention (PRE) and post intervention (POST). They avoided
vigorous exercise and alcohol consumption for 24 h and re-
ported no respiratory symptoms during the prior two weeks.
After 12 h of fasting, they provided 18 mL of whole-blood
and underwent body composition assessments. A coworker,
uninvolved in the study, prepared weekly BC or PLA powder
doses in hermetic containers. Participants took them daily,
diluted in water on an empty stomach. The 4-week inter-
vention used BC (Colostrum-LD, defatted colostrum with
liposomal delivery) or PLA (milk powder), providing 100 kcal
and 20 g protein per dose.

Anthropometry and body composition

Body mass was measured via Seca Model 874 (Hamburg,
GER), and height was measured via Seca Model 984 (Ham-
burg, GER). A qualified technician evaluated body composi-
tion via dual-energy X-ray absorptiometry through Hologic
Model ASY-05119 (Massachusetts, USA).

Dietary and training load report

Dietary intake was assessed with two nonconsecutive 24-
hour recalls at baseline, 15 days, and four weeks. Vigorous
activity was verified via IPAQ Short version. Participants
recorded daily running distance during supplementation,
following training programs designed by their team trainers.

VO,max assessment

VO,max was estimated via a physical performance test at PRE
and POST (Hansen etal., 2015). Heart rate was measured via a
Wahoo TICKR heart rate monitor (Atlanta, USA).
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Blood and immunological analysis

Blood was collected in EDTA-treated tubes, leukocytes were
obtained by centrifuging a 16 mL blood sample at 1200 rpm
for 15 min, and erythrocytes were lysed using Santa Cruz
Biotechnology® RBC lysis buffer X10 (California, USA).

A phagocytic assay was performed by adding 2 uL of
FluoSpheres® (Invitrogen, USA) to 2x10° cells suspended in
300 uL of RPMI 1640 medium supplemented with 10% fetal
bovine serum (FBS). The samples were incubated for one
hour at 37 °C. The reaction was stopped by placing the sam-
ples on ice for 10 min. The remaining spheres were removed
by washing with PBS. The samples were analyzed using
FACSCanto Il instrument (BD, USA). The results represent the
percentage of positive fluorescent cells.

Oxidative burst activity was evaluated via a reactive
oxygen species (ROS) assay at 150 nm (Invitrogen, USA). A
total of 2x10° cells were preincubated in 125 L of RPMI 1640
medium supplemented with 10% FBS. The samples were
incubated with 100 pL of the ROS Assay 150 nm solution for
one hour at 37 °C; then, 25 L of 1 mg/mL lipopolysaccharide
(LPS) was added, and the samples incubated for one hour at
37 °C to stimulate ROS production. The samples were ana-
lyzed via a FACSCanto Il (BD, USA). The results are presented
as a percentage of positive cells to fluorescent signals and
the mean fluorescence intensity (MFI).

Upper tract respiratory symptoms

Respiratory symptoms were recorded using the Wisconsin
Upper Respiratory Symptoms Survey 11 items (WURSS-11)
(Obasi et al., 2014). The participants completed the survey
daily during the intervention. The variables are presented as
URTS days, the total number of days the participants report-
ed any symptoms, the symptom score, or the global score on
a numeric cumulative scale.

Statistical analysis

Numerical variables are presented as the means + standard
deviations. Paired data were analyzed using Student'’s t test
or the Wilcoxon signed-rank test, and independent data were

Table 1. General characteristics of the participants.
Tabla 1. Caracteristicas generales de los participantes

analyzed via independent t test or Mann—Whitney U test
according to normality via the Shapiro-Wilk test. Changes
in variables were represented as PRE and POST differences
(A). Missing cell function data were managed with multiple
imputations (five imputations per missing value), and mean
group imputation was used for missing URTS data. Analyses
were conducted with a = 0.05 using SPSS version 22.0 (IBM
Corporation, New York, USA) for statistics and GraphPad
Prism version 8.0.2 (California, USA) for figures. Post hoc
effect size (ES) and power estimations were performed with
G*Power version 3.1.9.4 (Kiel, GER).

RESULTS AND DISCUSSION
Participant characteristics
Fifty-two recreational athletes were recruited (August-Sep-
tember 2018). Thirty-two met the inclusion criteria and
were randomly assigned to the BC or PLA group. Five PLA
participants were lost to follow-up due to gastrointestinal
discomfort or travel. The final groups were BC (n = 16) and
PLA (n=11) (Figure 1). One BC blood sample was lost during
the phagocytosis assay and excluded from the analysis.
Eight male and eight female athletes were in the BC
(39.1 £ 11.2 years), and six male and ten female athletes were
in the PLA group (41.5 £ 9.10 years). Nonsignificant differenc-
es in body characteristics were found between the groups
(Table 1). The characteristics of the participants, including
loss of follow-up, are presented in the supplementary Table 1.

Dietary intake and training load

Energy, carbohydrates, fat, and protein intake were similar
between BC and PLA during the intervention (Supplemen-
tary Table 2). Total and weekly training loads also showed
no significant differences between groups (Supplementary
Table 3).

Circulating leukocyte count

Leukocyte populations were similar at PRE (Supplementary
Table 4). Paired t-tests showed no significant changes in neu-
trophil, lymphocyte, or monocyte concentrations in either
group, nor differences in A between groups.

BC PLA
Males (n=8) Females (n=8) Total (n=16) Males (n=4) Females (n=7) Total (n=11) p value*
Age (yrs) 416+115 36.6+11.0 30.1+11.2 483 +5.0 37.6+10.2 415+10.0 0.58
Height (m) 1.7+0.1 16+0.0 17+0.1 1.8+0.1 16+0.0 1.7+0.1 0.56
(BIZ;)IY mass 70.1+13.1 50.7+80 649+11.8 793 +10.9 63.4+10.2 69.2+12.8 038
BMI (kg/m?) 24.0+46 229+27 235+3.7 257+08 23.6+29 244+25 051
BF (%) 217455 30.8+8.1 262+82 257+15 324+5.1 30.0+52 0.19
FFM (kg) 783+55 69.2+8.1 73.8+82 743+15 67.6+5.1 70.0+5.2 0.19
Hip (cm) 947 +8.2 943 +82 94.5+7.9 999+25 99.7 +82 99.8+6.5 0.08
Waist (cm) 832+114 72.5+12.1 77.8+12.6 87.5+4.9 77.1+10.2 80.9+9.8 0.51

Data presented as mean + standard deviation. BMI, body mass index. BF, body fat. FFM, fat-free mass. * Independent student'’s t-test p-value at

0.05.

Datos presentados como media + desviacién estandar. BMI, indice de masa corporal. BF, grasa corporal. FFM, masa corporal magra. * Prueba t

de Student independiente, valor p = 0,05.
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Table 2. Upper tract respiratory symptoms during the intervention.
Tabla 2. Sintomas del tracto respiratorio superior durante la intervencion.

Mean + SD p value*

URTS Days
BC 5.06 +7.56

p=042
PLA 3.82+546
Symptoms Score
BC 19.2+356

p=0.58
PLA 17.1+£254
Global Score
BC 9.06 +15.2

p=0.65
PLA 745 £9.71

SD, standard deviation. URTS, upper respiratory tract symptoms. BC, bovine
colostrum. PLA, placebo. * U-Mann Whitney test p value.

SD, desviacion estandar. URTS, sintomas del tracto respiratorio superior. BC,
calostro bovino. PLA, placebo. * Valor p de la prueba U de Mann-Whitney.

Phagocytosis assay

The phagocytic function was assessed via flow cytometry.
Cells were identified by forward/side scatter. After detecting
autofluorescence in untreated cells, phagocytosis was eval-
uated at 4 °C (control) and 37 °C (Figure 2). PRE values were
similar between groups for neutrophils and monocytes (p =
0.57).

Paired analysis showed a significant increase in neutro-
phil phagocytosis in BC (PRE: 35.1 + 25.9 % vs POST: 42.8 +
19.6 %; n = 15; p = 0.02; ES = 0.41; [1-B] = 0.40) (Figure 3A).
In contrast, PLA showed no significant change (PRE: 35.4 +
22.9%vs POST: 41.1 £20.5%;n=11; p=0.19; ES=0.27; [1-B]
= 0.19). The independent t-test showed similar A between
groups:BC=103+17.6 %, PLA=58+289% (p=0.62; ES =
0.20; [1-B] = 0.15).

Monocyte phagocytosis was similar at PRE (p =0.73). BC
showed a significant increase (PRE: 23.5 + 13.3 % vs POST:
26.9 £10.3 %; n = 15; p = 0.04; ES = 0.31; [1-B] = 0.27), while
PLA did not (PRE: 25.2 + 14.1 % vs POST: 29.4 £ 12.7 %; n =
11; p=0.19; ES = 0.24; [1-B] = 0.16) (Figure 3B). A in BC (5.18
+10.4 %, n=15) and PLA (4.20 + 17.6 %, n = 11) were similar
post-intervention (p = 0.87; ES = 0.08; [1-B] = 0.06). Results
with data imputation are presented in Supplementary Table
5.

ROS production in neutrophils and monocytes

Neutrophil MFI was similar at PRE (p = 0.11). BC showed a
significant increase (PRE: 1293.5+1283.7 vs POST: 2927.5 +
3082.5; n = 16; p = 0.02; ES = 0.47; [1-B] = 0.50) (Figure 4A),

Figure 2. Representative flow cytometry analysis. A) Cell populations analyzed using FSC-A and SSC-A. B) Cells with no treatment. No signal
was detected on the APC channel. C) Fluorescence signal emitted by cells incubated with fluorophores at 4 °C for negative control. D)
Fluorescence signal emitted by cells incubated with fluorophores at 37 °C to evaluate cell phagocytic function. E) Cells without treatment
show no signal detected on the FITC channel. F) Fluorescence signal emitted by cells incubated with ROS assay kit with no LPS stimulation for
negative control. G) Signal emitted by LPS stimulated cells incubated with ROS assay kit to evaluate ROS production.

Figura 2. Analisis representativo de citometria de flujo. A) Poblaciones celulares analizadas utilizando FSC-A y SSC-A. B) Células sin tratamiento.
No se detectd ninguna seial en el canal APC. C) Sefal de fluorescencia emitida por células incubadas con fluoréforos a 4 °C como control
negativo. D) Sefal de fluorescencia emitida por células incubadas con fluoréforos a 37 °C para evaluar la funcion fagocitica celular. E) Las
células sin tratamiento no muestran ninguna senal detectada en el canal FITC. F) Sefial de fluorescencia emitida por células incubadas con el
kit de ensayo ROS sin estimulaciéon con LPS como control negativo. G) Sefial emitida por células estimuladas con LPS incubadas con el kit de

ensayo ROS para evaluar la produccién de ROS.
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Figure 3. Effect of bovine colostrum in neutrophils and monocyte phagocytic activity. BC, bovine colostrum. PLA,
placebo. Orange dots represent baseline values. Blue dots represent post-supplementation values. *Statistically
significant p < 0.05. A) neutrophiles (p = 0.02), while no significant changes were observed in the PLA group. B)
monocytes; significant increase in monocyte phagocytosis post 4 weeks of supplementation (p = 0.04).

Figura 3. Efecto del calostro bovino en laactividad fagocitica de los neutréfilos y los monocitos. BC, calostro bovino. PLA,
placebo. Los puntos naranjas representan los valores iniciales. Los puntos azules representan los valores posteriores
a la suplementacion. *Estadisticamente significativo p < 0,05. A) neutrofilos; se observé un aumento significativo de
la actividad fagocitica tras 4 semanas de suplementacion con BC (p = 0.02), mientras que no se observaron cambios
significativos en el grupo PLA. B) monocitos; se observaron cambios estadisticos en la fagocitosis de los monocitos

tras 4 semanas de suplementacion (p = 0.04).

while PLA did not (PRE: 2519.1 + 1974.4 vs POST: 6199.6 +
8755.0; n = 11; p =0.07; ES = 0.46; [1-B] = 0.38). A between
groups was not significant (BC: 1634.0 + 3459.1, PLA: 3680.6
+7555.1; p = 0.88; ES = 0.35; [1-8] = 0.20).

Monocyte MFI (Figure 4B) was similar at PRE (BC: 1011.1
+ 1170.2, PLA: 2166.7 + 1825.2; p = 0.11). BC increased sig-
nificantly (PRE: 1011.2 £ 1170.2 vs POST: 2071.4 + 2215.3; n
=16; p =0.04; ES = 0.46; [1-B] = 0.50), while PLA did not (PRE:
2166.7 + 1825.2 vs POST: 3354.0 £ 3771.3; n = 11; p = 0.08;
ES = 0.39; [1-B] = 0.28). A between groups was similar (BC:
1060.2 + 2280.4, PLA: 1187.3 + 2564.0; p = 0.89; ES = 0.45;

[1-B] = 0.06).

Fluorescence-positive cells indicated ROS-producing
activated cells. Neutrophil activation was similar at PRE (p =
0.82) (Figure 4C). Significant increases occurred in BC (PRE:
81.0+32.6 % vs POST: 94.7 £ 8.0 %; n = 16; p = 0.04; ES = 0.45;

[1-B] = 0.47) and PLA (PRE: 90.2 £ 16.1 % vs POST: 97.9 + 6.4

%; n=11; p=0.008; ES = 0.43; [1-] = 0.32). Monocyte activa-
tion was also similar at PRE (p = 0.27) (Figure 4D), increasing
in BC (PRE: 71.5 £ 30.2 % vs POST: 86.1 + 27.5 %; p = 0.007;
ES =0.80; [1-B] = 0.91) and PLA (79.9 + 26.5 % vs 93.9 + 15.9
%; p = 0.008; ES = 0.83; [1-f] = 0.78). A between groups was
similar for neutrophils (p = 0.57; ES = 0.26; [1-] = 0.14) and
monocytes (p =0.52; ES = 0.03; [1-] = 0.05). Results with data
imputation are presented in Supplementary Table 5.

Upper respiratory tract symptoms
The total URTS days in the BC and PLA are presented in Table
2. There were no significant differences between the groups

in total URTS days (p = 0.42), nor in the symptom score (p =
0.58) or global score (p = 0.65). Results with data imputation
are presented in Supplementary Table 6.

The current study aimed to evaluate the effects of BC
supplementation on phagocytosis and oxidative burst activ-
ity in neutrophils and monocytes from endurance athletes.
Previous studies have shown improvements in immune
function variables in athletes from different sports, such as
swimmers and runners (Cieslicka et al., 2023; Crooks et al.,
2010; Jones et al., 2015; Shing et al., 2007). However, research
on phagocytosis and oxidative burst activity in response
to BC supplementation is scarce and limited to nonathletic
subjects.

This is the first study to examine the effects of BC
supplementation on neutrophil and monocyte phagocytic
functions in athletes. Our findings revealed increased activity
24 h after the last dose, suggesting that the effect persisted
for at least this duration. These results differ from those of
previous studies, possibly because of the higher dosage used
in the present study. Greater dosages and durations may be
needed to stimulate antibacterial function. Some authors
have reported increased polymorphonuclears leukocytes
and monocyte activity after an acute BC dose of 125 mg,
whereas others reported no changes after six weeks with a
1.2 g/d BC supplementation (Wolvers et al., 2006).

The effect of BC supplementation on neutrophil oxida-
tive function has been evaluated in previous studies. Even
though Jones et al. (2013) reported no benefits from 12
weeks of BC supplementation, the same authors reported
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Figure 4. Effect of bovine colostrum in oxidative function of neutrophils and monocytes. BC, bovine colostrum. PLA, placebo.
Orange dots represent baseline values. Blue dots represent post supplementation values. Horizontal bars in MFI figures represent group
means. Percentage cells producing ROS represent mean and S.D.*: p value level by Wilxocon signed-rank test; statistically significant p
< 0.05. A) There was a significant increase in MFI neutrophils in the BC group (p = 0.02). B) A significant increase were observed in MFI
monocyte from baseline (p = 0.04). C) The PLA group presented a significant increase in %Neutrophils producing ROS at the end of the
study. D). Both groups presented a significant increase in the percentage of monocytes producing ROS at the end of the intervention.

Figura 4. Efecto del calostro bovino en la funcién oxidativa de los neutréfilos y monocitos. BC, calostro bovino. PLA, placebo. Los
puntos naranjas representan los valores basales. Los puntos azules representan los valores posteriores a la suplementacion. Las barras
horizontales en las figuras MFI representan las medias de los grupos. El porcentaje de células que producen ROS representa la media y
la desviacién estandar.*: nivel de valor p segun la prueba de rangos con signo de Wilxocon; estadisticamente significativo p < 0.05. A)
Se observé un aumento significativo de los neutréfilos MFI en el grupo BC (p = 0.02). B) Se observaron cambios en los monocitos MFI
con respecto al valor inicial (p = 0.04). C) El grupo PLA present6 un aumento significativo del % de neutréfilos productores de ROS al
final del estudio. D). Ambos grupos presentaron un aumento significativo del porcentaje de monocitos productores de ROS al final de la

intervencién.

greater neutrophil oxidative burst after four weeks of BC
supplementation (Jones et al., 2015). In the present study, BC
supplementation increased neutrophil oxidative function at
post-supplementation. Although the blood collection proto-
col used in the present study was different from that used
by Jones et al. (2015), the benefits of BC supplementation
on neutrophil oxidative burst may be influenced by time, as
short periods could be more effective.

To assess ROS production, the percentage of fluores-
cence-emitting cells was measured, reflecting activation
rather than ROS intensity. In BC, neutrophils and monocytes
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producing ROS increased post-intervention, as in PLA. This
suggests training enhances activation capacity. Further stud-
ies in sedentary individuals are needed to confirm “normal”
neutrophil oxidative burst. BC showed higher neutrophil MFI
than PLA group, indicating increased oxidative function per
cell rather than more ROS-producing cells.

In this study, the URTS incidence and severity were
similar between the groups. Some studies suggest that BC
supplementation for 5-10 weeks may reduce URTS (Crooks
et al.,, 2010; Shing et al., 2007). Jones et al. (2013) reported
fewer URTS episodes in healthy subjects after 8 weeks of 20 g
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BC supplementation, although the effect was not sustained
in subsequent weeks. Similarly, fewer URTS episodes were
reported in athletes after 8 weeks with 60 g BC supplementa-
tion (Brinkworth and Buckley, 2003). These findings suggest
that athletes may need at least 8 weeks of BC supplementa-
tion to reduce URTS, but the benefits may not persist beyond
this period.

BC supplementation has been shown to have different
immunomodulatory effects in other populations. Differences
in the immunomodulatory components of BC may be pres-
ent in the diverse products available, which suggests that
some products may be more effective than others (Playford
etal., 2020). In these terms, discrepancies in the effect of BC
supplementation on the variety of products may be affected
by this factor; further research is needed to clarify whether
different BC collection times or BC qualities affect the immu-
nomodulatory effect of BC.

Immunomodulatory components in BC include cy-
tokines, immunoglobulins, growth factors, and microRNA
(Bermon et al., 2017). The combination of these components
may explain the potential immunomodulatory effects this
supplements (Karakdlah et al., 2025). Additionally, although
it has been reported that some components may resist the
digestion process (Burton et al., 2020), the product reported
inthe present study is a liposomal delivery vehicle used in nu-
tritional products to improve transportation and absorption
across the gastrointestinal tract and increase bioavailability
(Shade, 2016).

Even though BC has been proposed to increase phago-
cytosis due to its high content of IgG, which serves as a prim-
er for phagocytosis due to its opsonizing capacity, changes
in cell membrane structure or another type of change, have
also been reported. Shing et al. (2007) reported increases
in membrane receptors in polymorphonuclear leukocytes
through BC supplementation, such as CD89 which is related
to phagocytosis; however, owing to the many immunomod-
ulatory compounds presented in BC, we believe that BC
compounds may act as an external stimulus and enhance cell
function, as BC supplementation has been shown to increase
the production of several cytokines and other molecules
(Duan et al., 2024; Durkalec-Michalski et al., 2024; Ooi et al.,
2023; Rusu et al., 2010); however, contradictory results have
been reported (Skarpanska-Stejnborn et al.,, 2021). On the
other hand, it seems that cells could adapt to BC stimuli and
decrease or even lose responsiveness after long supplemen-
tation periods, as we observed improvements in neutrophil
function after four weeks of BC consumption. In contrast,
other reports showed no effects after six or even more weeks
of supplementation. It has been proposed that the potential
immunomodulatory effect of BC may not be attributable to
one mechanism (Gtédwka et al., 2020), but rather to various
priming factors for cell function. Additionally, it seems that
subjects should have some physical stress, such as regular
training, to obtain sustained benefits in phagocytic activity
through BC supplementation.

The main limitations of the present study are sample
size, and the number of dropouts presented during the in-
tervention. This limitation may have affected the statistical
analysis power, as paired comparisons were significant for
some variables, whereas independent tests were not statis-
tically significant.

CONCLUSIONS

Four weeks of bovine colostrum supplementation improved
the phagocytic and oxidative functions of neutrophils and
monocytes in endurance recreational athletes. Despite
the beneficial effects on neutrophil function, four weeks of
supplementation did not improve the incidence or symp-
tomatology of upper tract respiratory symptoms.
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