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Abstract: Background: The rapid population aging is becoming a serious health crisis. This study
aims to evaluate the effects of bovine colostrum supplementation on enhancing Secretory
immunoglobulin A and health in middle-aged and elderly people. Methods: A total of 188 persons
aged 50 to 85 years participated in this 90-day randomized, double-blind, controlled trial and were
randomly assigned to intervention or positive control groups. The intervention group received
bovine colostrum (BC) supplement containing rich probiotics and whey protein, while the positive
control group received regular milk powder, both twice a day. The primary outcome was the change
in the concentration of saliva secretory immunoglobulin A. Results: There were 171 participants
completed the trial. The concentration of saliva secretory immunoglobulin A increased in both
groups (P<0.01). After the intervention, the median (IQR) concentration of the intervention group
was 76.88 (50.70, 136.98) ug/ml, while the control group was 85.54 (53.31, 132.66) pg/ml, but there
was no significant difference between the two groups (P > 0.05). The level of serum immunoglobulin
A in the intervention group was significantly higher than that in the control group (P < 0.05). The
International Physical Activity Questionnaire and Food Frequency Questionnaire results showed
no significant difference between the two groups (P > 0.05). There were no differences in nutrient
intake and physical activity between the two groups (P > 0.05). In self-reported health status, both
groups showed significant improvements in sleep quality (P < 0.05). The incidence of oral ulcers
decreased in total (19.7% vs. 8.8%) (P < 0.01), and the reduction was significant in the intervention
group (P <0.05). Conclusions: The results showed that BC supplement powder intervention for 90
days may provide beneficial health care effects in middle-aged and elderly people and promote
healthy aging, but the differences in the effects of BC supplement powder and ordinary milk powder
on salivary sIgA need to be further studied.

Keywords: bovine colostrum; immune; secretory immunoglobulin A (sIgA); RCT

1. Introduction

As the global population lives longer, most people have an average life expectancy of more than
60 years. The global population aged 60 years and older will increase from 1 billion to 1.4 billion
between 2020 and 2030, according to the study. However, with aging, the immune system gradually
weakens, and the number and function of immune cells decrease, leading to weakened immune
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responses and reduced resistance to pathogens—collectively referred to as immunosenescence [1].
Middle-aged and elderly people are often accompanied by chronic diseases, such as cardiovascular
disease and diabetes, which also affect the function of the immune system, making them more
susceptible to infections and slower to recover [2]. Therefore, immunosenescence can reduce the
quality of life and health of middle-aged and elderly people, making them susceptible to colds, loss
of appetite, gastrointestinal discomfort, poor sleep quality, and oral ulcers. In order to promote the
development of “healthy aging”, improving the immune function of the elderly is an urgent problem
to be solved.

To systematically improve the nutritional and health status and enhance the immunity of
middle-aged and elderly people is the key to achieve healthy aging. As a convenient way to
supplement, nutritional supplements include various vitamins, minerals, proteins and other
bioactive ingredients, which can help to make up for dietary deficiencies in middle-aged and elderly
people and support physical health and immune system function. Studies have suggested that oral
nutritional supplements, including whole foods (such as butter, cream, eggs, etc.) or specific
nutritional preparations (such as milk powder), should be given to the elderly to strengthen the diet
in order to increase the energy and protein content of foods, thereby increasing nutrient extraction
and improving health status and immune function [3].

Bovine colostrum (BC) is the earliest milk secreted from the mammary gland after parturition
and has a long history of human consumption [4]. Its unique basic nutrients, immune factors, and
oligosaccharides are beneficial for human. Compared with mature milk, BC contains more abundant
casein, whey protein (Igs, lactoferrin) and other proteins, among which lactoferrin content is much
higher than that of mature milk, about 2-250 times higher [5]. In addition, BC contains more fat, ash,
vitamins and minerals, hormones, growth factors, cytokines, nucleotides, and less lactose [6]. Except
for lactose content, the concentration of these compounds rapidly decreases in the first three days of
lactation [7]. Whey protein has the characteristic of easy digestion and absorption, which is beneficial
for the absorption and utilization of protein, and may improve the continuous loss of muscle tissue
in the elderly [8]. It has been found that whey protein concentrate can enhance innate mucosal
immunity early in life and has a protective effect in some immune diseases [9]. There is some evidence
that ingestion of BC can affect immune function outside the gastrointestinal tract. For example, BC
supplementation may reduce the number of influenza-like episodes [10]. Supplementation with BC
has also been reported to be beneficial in reducing the number of upper respiratory tract infections
(URTIs) and diarrhea episodes in children [11,12], and BC IgG has been shown to bind to and
neutralize human respiratory syncytial virus [13]. At the same time, athletes who receive training are
known to have an increased risk of developing urinary tract infection symptoms, and one meta-
analysis reported a significant positive effect of BC supplementation [14].

Secretory immunoglobulin A (sIgA) is an important immune defense substance that helps
protect the oral mucosa from pathogenic microorganisms [15,16]. Due to the contribution of sIgA, the
mucosal system can maintain the balance of mucosal immunity among symbiotic microorganisms
and defend against pathogens on the mucosal surface [17]. One study reported a significant effect of
bovine colostrum supplementation on IgA in the saliva of distance runners, however the sample size
was small, only 35 [18]. Another 66-person trial looked at the effects of colostrum milk supplement
among older adults, but did not measure salivary sIgA [19]. There are limited studies on the effects
of BC powder consumption on sIgA and immunity in middle-aged and elderly people [20]. Milk
powder contains a lot of protein, protein intake may stimulate the immune system, resulting in
changes in oral mucosal immunoglobulin secretion level, especially in a short period of time may
have a certain degree of change. Assuming that consuming BC supplement may help enhance the
immune system and support the health of the middle-aged and elderly. Therefore, this study aimed
to evaluate the effects of BC supplementation on the immune system especially sIgA and health status
in middle-aged and elderly people.
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2. Materials and Methods
2.1. Study Design

It was a two-armed, parallel, randomized, double-blinded trail designed to evaluate the effects
of daily oral intake of BC supplements for 90 days on sIgA and health status in middle-aged and
elderly people.

The primary study outcome was the change in saliva sIgA concentration between baseline and
day 90 of supplementation. The secondary outcome measures included serum immunoglobulin (IgA,
IgG, IgM), C-reactive protein, and changes in the number and proportion of immune cells in blood
routine. Additional endpoints included the results of questionnaires and self-reported health status,
such as:

Oral ulcers: An ulcerative lesion that occurs on the tip or side of the tongue, the gums, the lips,
and the buccal mucosa. The shape of the lesion is mostly round or oval, and the ulcer surface is
covered with a yellow pseudomembrane, surrounded by a red halo band, a central depression, and
obvious pain.

Sleep quality: The Pittsburgh Sleep Quality Index (PSQI) was used to evaluate sleep quality,
with a total of 19 objective scores, including seven dimensions of sleep duration, subjective sleep
quality, sleep duration, sleep efficiency, sleep disorders, sleep medication use and daytime
dysfunction. The total score is 21 points, the higher the score indicates the worse the sleep quality,
the total score <5 is good sleep quality, 6-10 is average sleep quality, 11-15 is poor sleep quality, and
216 is very poor sleep quality.

Cold: A disease limited to the upper respiratory tract, most of which is caused by viral infection,
and is self-limited. The course of the disease is usually less than 10 days, and it often has the
characteristics of acute rhinosinusitis. The clinical manifestations are mainly catarrhal symptoms
such as sneezing, nasal congestion, runny nose, and so on [21].

Fatigue: Lack of strength, limp and weakness.

Bitter taste: Bad mouth smell.

Diarrhea: Defecation was performed more than 3 times a day with a volume of more than 200
g/day, and stool was thin with a water content of more than 85%.

2.2. Participants

The sample size calculation was performed using Pass software. Based on previous animal
experiments and literature, population immune indicators such as NK cells and IgA were obtained,
and the sample size was calculated accordingly [18]. The research power was set at 90%, with the
alpha value was 0.05, and the mean difference in sIgA values between groups was 0.26, for which a
minimum sample of 164 participants was required. The  of NK cell value was 2.07, and the minimum
sample size was 98. Within this interval, a larger sample size of 164 participants was selected.
Considering the 10% dropout rate, a total of 180 participants were required, with 90 participants in
each arm. Adults aged between 50-85 years were included in this research.

The inclusion criteria for this study were as follows: (1) permanent residents; (2) sign informed
consent; (3) willingness to follow the study protocol.

Exclusion criteria were: (1) patients with active autoimmune disease; (2) individuals were
allergic/intolerant to dairy products and other foods; (3) current or past history of cancer or ongoing
chemotherapy regimens, and post-transplant patients; (4) take drugs that affect immunity during
follow-up (such as immunosuppressive/immune-potentiating drugs).

A total of 260 people came from 5 communities/institutions participated in the survey. After
screening for eligibility, 188 participants were recruited. At the screening visit, the researchers
reviewed the purpose of the study, study activities, and the consent form. Upon receiving written
informed consent, the researchers completed questionnaire surveys, physical examinations, and
sample collection including saliva and blood for each volunteer.

Simple random group design was adopted. Excel is used to generate random numbers: First, the
subjects are sorted, each serial number generates a random number, and the random numbers are
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arranged by size and divided into two groups according to the median. Put serial numbers and
random numbers into envelopes and seal them. This link is completed by the test designer, who does
not participate in data collection and field work. The subjects were divided into the intervention
group (BC supplement, n = 94) and the positive control group (regular milk powder, n =94).

The consort flow chart of study is shown in Figure 1.

Assessed for eligibility (n = 260)

Enrollment Excluded (n=72)
Not meeting inclusion criteria(n = 72)
Randomized (n = 188)
Allocation |
P l
Intervention (BC Control (regular milk
supplements) group (n = 94) powder) group (n = 94)
Follow-up Drop-out (n = 10) Drop-out (n = 7)
Loss interest (n = 7) — Loss interest (n =5)
Long term outings (n = 3) Long tern outing (n = 2)
Analysis Analyzed (n = 84) Analyzed (n = 87)

Figure 1. The consort study flow chart. *After screening for eligibility, a total of 188 participants who
agreed to participate in the study were randomized into the BC supplement group (n = 94) and the
positive control group (n = 94), respectively. There were 17 dropouts, with ten in the intervention and
seven in control groups during follow-up. Finally there were 171 participants included in the analysis.

2.3. Materials and Procedures
2.3.1. Intervention and Blinding

Table S1 shows the comparison of ingredients between BC supplement powder and regular milk
powder. Participants were instructed to ingest the supplements twice daily. The trail was double-
blind. The outer packaging of the milk powder is uniformly a white box, only indicating the method
of use and the number 1 or 2. Internally, it is uniformly packaged in silver bags, with a box of 16 bags,
each bag weighing 28 grams, and a box enough for 8 days. Both the project staff and the participants
were unaware of the specific type of milk powder used in 1 and 2. After the trial, the research designer
would unblind. The total trial duration was approximately 90 days. Throughout the intervention
process, participants were asked to save and submit empty milk powder bags to measure compliance.

2.3.2. Compliance

Empty bags were collected from participants after milk powder administration at all three
follow-up visits, and the number was recorded. Everyone should take two bags of milk powder per
day, and compliance was calculated by dividing the number of empty bags by the amount of milk
powder that should be taken. More than 85% was defined as high compliance, 75%-85% as medium
compliance, and less than 75% as low compliance.

2.3.3. Samples Collection

The follow-up timeline and specific items are shown in Table 52. On day 0, participants went to
the study site for baseline measurements: 5ml blood and 1ml saliva samples collected by trained staff.
Blood sampling required fasting and water deprivation after 10 p.m. the previous day. Before
collecting saliva, participants were required to rinse their mouths thoroughly three times with
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purified water and collect 1-2 ml of saliva through a saliva collection tube. Once collected, it is placed
in a transfer box with an ice pack and transferred to the laboratory. The saliva sample was centrifuged
at 4 °C for 15 min (3000 rpm/min), the supernatant was collected, and if precipitates formed during
storage, centrifuged again. After centrifugation, the supernatant was divided into EP tubes and
placed in a low temperature refrigerator at -80°C for freezing test. Blood samples were transported to
professional institutions at 4°C for testing. After sample collection, participants underwent a physical
examination and questionnaire, and started a 90-day supplement/placebo regimen. They were also
given an intervention diary to record any illnesses and supplement use during the intervention.

2.3.4. Biomarkers Analysis

After preliminary experiments, it was determined that the dilution ratio of the saliva sample was
10, 000 times. Cayman’s Human IgA ELISA kit was used to detect the concentration of sIgA in saliva.
ELISA experiments including the reagent preparation, sample, incubation, elution, test, carried out
in accordance with the manual steps.

Blood samples were sent to professional testing institutions to test blood routine (peripheral
blood immune cells), immunoglobulin and other indicators.

2.3.5. IPAQ-LF (International Physical Activity Questionnaire —Long Form)

The Chinese version of the International Physical Activity Questionnaire—Long Form (IPAQ-
LF) was used to investigate the physical activity of the participants in four aspects: (1) work, (2)
housework, (3) transportation and (4) leisure and entertainment. Studies have shown that IPAQ is an
effective tool for measuring physical activity in adults, including older adults [22-24]. Metabolic
equivalent of energy (MET) is the multiple of the metabolic rate during exercise over the metabolic
rate at rest, and is a unit of exercise intensity. The metabolic equivalent minutes per week (MET-
min/wk) = MET assignment corresponding to the physical activity (Table S3) x weekly frequency
(days) x time per day (min), and then the physical activity level was classified into low, moderate and
high levels according to the IPAQ physical activity level grouping criteria Table 54).

2.3.6. FFQ (Food Frequency Questionnaire)

Food Frequency questionnaire is a tool used to assess an individual’s eating habits. It obtains
quantitative data on dietary intake by asking respondents how often and how much of various foods
they have consumed over a certain period of time, usually in the past month or year. Its main contents
include three elements: food list, food frequency and portion size. Then, the daily intake of a nutrient
in a food is calculated using the formula “average daily intake frequency of food x each intake x
content of a nutrient”, and then the calculated values of all food items are added together to get the
average daily intake of a nutrient.

2.4. Quality Control

Some quality control measures were taken in this study. Randomized control can reduce the
influence of confounding factors and balance the differences between the two groups. The
experimental design ensures double-blind and randomization. Before the start of the field
investigation, the project staff were regularly trained, including volunteer recruitment training,
sample collection training, questionnaire survey training and other aspects, to ensure the
standardization of staff technology and the orderly coordination of the site. Before the start of the
trial, we established some wechat groups, communicated with the participants at any time during
the intervention, and regularly reminded them to take milk powder on time every day. Empty bags
were counted at each follow-up for quality monitoring.

2.5. Ethics Approval and Informed Consent

The program was fully approved by the Ethics Review Board of the Second Affiliated Hospital
of Shaanxi University of Chinese Medicine (SZEFYIEC-KYPJ-2023013, 06/06/2023). The study
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protocol was registered at Chinese Clinical Trials Registry (https: //www.chictr.org.cn; ChiCTR-ID:
ChiCTR2400079567). In order to effectively ensure the rights and interests of the subjects, the project
team purchased project insurance for all subjects (Sunshine Insurance Group, policy number:
101691372023000006). Informed consent for participation was obtained from all subjects involved in
the study.

2.6. Statistical Analysis

Statistical package for social science (SPSS) version 18.0 software was used for statistical
analyzes. Graphpad prism 9.5.0 was used for graphs. Kolmogorov -Smirnov test was used to
determine the normality of data. The data of non-normal distribution is expressed as the Median (IQR
(Q1, Q3)), and the data of normal distribution is expressed as the Mean (SD). Categorical variables
are presented as counts (%). Within group change (change from baseline) based on paired T-test or
Wilcoxon singed rank test or Friedman test, and between groups difference based on analysis of
covariance (ANCOVA) or Chi-square statistics. The level of significance was set at P = 0.05.

3. Results
3.1. Compliance Analysis in Following Up

Compliance was measured according to the method in 2.3.2. There was no significant difference
in the compliance of the three follow-up visits between the two groups (P > 0.05). The compliance is
shown in Table S5.

3.2. Participants’ Characteristics

Among the 188 participants, the mean age was 65.25+6.46 years, of which 33.5% were males and
66.5% were females. And 31.4% of the participants had tertiary education or above, 53.7% had
secondary/technical secondary education and 14.9% had primary education or below. Most of the
participants lived with family members (87.2%). Most of the living environments are buildings with
elevators, accounting for 85.6%. There was no statistical difference in the above general demographic
characteristics between the two groups. Baseline information for 188 participants is shown in the
Table 1.

Table 1. Baseline demographic characteristics of participants.

Parameter Total Intervention Control e p
(n =188) (n=94) (n=94)
Age (years) 65.25+6.46 65.63+5.54 64.87+7.27 0.801 0.424
Sex 0.024 0.877
Male 63 (33.5%) 32 (34.0%) 31 (33.0%)
Female 125 (66.5%) 62 (66.0%) 63 (67.0%)
Nation 1.005 0.316
Han 187 (99.5%) 93 (98.9%) 94 (100%)
Mongolian 1(0.5%) 1(1.1%) 0
Marital status 2.206 0.531
Divorce 1 (0.5%) 1(1.1%) 0
Widowed 5 (2.7%) 2 (2.1%) 3(3.2%)
Spinster 1 (0.5%) 1(1.1%) 0
Married 181 (96.3% ( 90 (95.7%) 91 (96.8%)
Educational level 1.788 0.409
College or above 59 (31.4%) 29 (30.9%) 30 (31.9%)
Secondary school 101 (53.7%) 54 (57.4%) 47 (50.0%)
Primary and below 28 (14.9%) 11 (11.7%) 17 (18.1%)
Living condition 4491 0.106
Live alone 7 (3.7%) 1(1.1%) 6 (6.4%)
Nursing home 17 (9.0%) 7 (7.4%) 10 (10.6%)

Live with family 164 (87.2%) 86 (91.5%) 78 (83.0%)
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Living environment 1.155 0.561
One-storey House 9 (4.8%) 4 (4.3%) 5(5.3%)
Walk-up building 18 (9.6%) 7 (7.4%) 11 (11.7%)
Elevator building 161 (85.6%) 83 (88.3%) 78 (83.0%)

Note. Continuous variables presented as mean+SD. Categorical variables are presented as counts (%).

3.3. Health-Related Indicators
3.3.1. Saliva sIgA Levels

There was no difference in saliva sIgA concentration between the BC supplement group and the
control group at baseline (M (Q1, Q3), 66.25 (43.90, 113.32) pg/ml vs. 77.81 (48.78, 114.80) pg/ml, P =
0.495). On the 90th day of intervention, the saliva sIgA concentration increased in both groups (P <
0.001). Group analysis showed that the saliva sIgA concentration pair in the BC supplement group
increased to 76.88 (50.70, 136.98) pg/ml, and that in the control group increased to 85.54 (53.31, 132.66)
pg/ml. The improvement effect of BC supplement group was more obvious, but there was no
significant difference between the two groups (P = 0.442). The changes of saliva sIgA concentration
in the two groups were shown in Figure 2.

% %k %k

300+ )
[ Intervention
= Cohntrol
200+
E
D)
= .
:é
—
100 ~
0

Figure 2. Changes of saliva sIgA concentration. * In Figure 2, orange is the control group and green is
the intervention group. Scatter points indicate individual values, and black horizontal lines represent
median and interquartile ranges. “**”represents P < 0. 001.“ns” represents P > 0.05. The significance
in black indicates the difference between the two groups at the same time, and the red indicates the

difference within the group at different times.

When the age of the participants was divided into two groups at the cutoff age of 65 years, saliva
slgA levels were found to be lower in the 65 and older age group but the difference was not significant
(P >0.05), and increased after the intervention, to a lesser extent than in those under 65 years. This
was the case in both groups. Table 2 shows the results according to age group.
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Subgroup Total Control Intervention V4 P (group)
Day 0 74.99 (46.95, 113.26)  77.81 (48.78, 114.80) 66.25 (43.90, 113.32) -0.682 0.495
Day 90 80.93 (50.99, 134.24)  85.54 (53.31, 132.66) 76.88 (50.70, 136.98) 0.594 0.442

F 57.724 25.000 32.976

P (time) <0.001 <0.001 <0.001
<5 Day 0  82.51(49.92,117.44) 85.84 (91.87, 116.58) 79.52 (45.78, 120.02) 0.844 0.399
Day 90 91.57 (51.51, 145.25) 96.98 (61.15, 146.68) 91.42 (50.70, 141.51) 0.959 0.337

F 29.538 16.026 16.953

P (time) <0.001 <0.001 <0.001
65 Day 0 71.13 (42.53,107.70)  75.06 (41.18, 108.24) 65.35 (42.34, 105.32) 0.423 0.672
- Day 90 75.81(50.15, 131.18)  76.16 (47.86, 130.67) 74.03 (50.70, 134.99) 0.123 0.902

F 28.247 12.522 12.600

P (time) <<0.001 <<0.001 <<0.001

Note. sIgA concentrations presented as Median (IQR (Q1, Q3)). P (group) represents the difference between the
intervention group and the control group at the same time. P (time) represents the change within the same group
with intervention.

3.3.2. Immune-Related Factors in Serum

The serum samples of some subjects were taken for C-reactive protein (CRP) and
immunoglobulin (IgA, IgG, IgM) indicators measurement. The level of serum IgA in the BC
supplement group was significantly higher than that in the regular milk powder group (P = 0.046)
after intervention, indicating that BC supplement may have a greater impact on serum IgA than the
regular milk powder. The specific values are shown in Table 3. Figure 3 is the comparison of saliva

sIgA and serum IgA levels after intervention.

Table 3. Serum CRP and immunoglobulin levels after intervention.

Parameter Total (n =106) Intervention (n =53) Control (n=53) Z P
CRP 3.40 (3.05, 4.45) 3.34 (3.08, 4.51) 3.44 (2.99, 4.37) -0.126 0.899
IgA 2.36 (1.75, 2.86) 2.53 (1.80, 3.37) 2.04 (1.73, 2.69) -2.000 0.046
IgG 12.68 (10.78, 13.81) 12.49 (10.75, 13.75) 12.77 (10.72, 13.95) -0357 0.721
IgM 0.93 (0.73, 1.28) 0.85 (0.72, 1.23) 1.00 (0.70, 1.30) -0.705 0.481

Note. Continuous variables presented as Median (IQR (Q1, Q3)). CRP was measured in mg/L; IgA, IgG and IgM

were measured in g/L.

Unit:ug/ml
w
S

A
N g
&/

Saliva sIgA

Serum IgA

= Control
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Figure 3. Comparison of Saliva sIgA and Serum IgA levels after intervention. * In Figure 3, orange is
the control group and green is the intervention group. Scatter points indicate individual values, and

%17

black horizontal lines represent median and interquartile ranges. “ns” represents P >0. 05;

represents P <0. 05.

3.3.3. Immune Cells in Peripheral Blood

There was no difference between the BC supplement group and the control group at baseline (P
>0.05). After the intervention, the two groups were analyzed separately. The results showed that the
lymphocytes, monocytes and platelets of the intervention group increased, while the erythrocyte and
hemoglobin decreased (P<0.05). In the control group, leukocyte, monocytes, eosinophils and

platelets increased, and the erythrocyte and hemoglobin decreased (P<0.05) (Table 4).

Table 4. The effects of 90 days of supplementation on immune cell levels among participants.

. P (Time)
Parameter Control (n=86) Intervention (n=84) P (Group) -
Intervention  Control
Leukocyte (10 ~ 9/L)
Day 0 5.28 (4.46, 6.11) 5.22 (4.41,5.77) 0.635 0.090 0.005
Day 90 5.74 (4.82, 6.57) 5.24 (4.67, 6.03) 0.034
Neutrophil (10 ~ 9/L)
Day 0 3.05 (2.45, 4.04) 2.90 (2.41, 3.56) 0.346
774 .067
Day 90 3.28 (2.74, 4.12) 2.99 (2.56, 3.48) 0.006 0 0.06
Lymphocyte (10 * 9/L)
Day 0 1.77 (1.41, 2.18) 1.69 (1.42,2.13) 0.836
Day 90 1.78 (1.44, 2.23) 1.80 (1.54, 2.22) 0.770 0.010 0.059
Erythrocyte (10 ~ 12/L)
Day 0 4.60 (4.36, 4.88) 4.62 (4.37,4.93) 0.491 <0.001 0.001
Day 90 4.53 (4.22, 4.86) 4.52 (4.28,4.78) 0.434
Monocyte (10 ~ 9/L)
Day 0 0.32 (0.26, 0.37) 0.32 (0.26, 0.39) 0.924 <0.001 <0.001
Day 90 0.36 (0.28, 0.47) 0.35(0.29, 0.43) 0.117
Eosinophil (10 * 9/L)
Day 0 0.09 (0.05, 0.14) 0.08 (0.06, 0.12) 0.985
. .027
Day 90 0.11 (0.06, 0.18) 0.09 (0.06, 0.13) 0.252 0.085 00
Basophilic Granulocyte (10 ~ 9/L)
Day 0 0.02 (0.01, 0.03) 0.02 (0.01, 0.02) 0.094
. .357
Day 90 0.02 (0.01, 0.03) 0.01 (0.01, 0.02) 0.995 0693 035
Hemoglobin (g/L)
Day 0 141.00 (133.00, 146.75) ~ 141.00 (133.00, 147.00) 0.576 <0.001 0.001
Day 90 137.00 (131.00, 145.75) ~ 138.00 (130.00, 148.00) 0.494 ’ ’
Platelet (10~ 9/L)
Day 0 208.00 (165.00, 237.25) 215.50 (174.75, 248.00) 0.922 <0.001 <0.001
Day 90 217.00 (184.25,261.75)  219.00 (185.75, 261.50) 0.934 ) )

Note. Continuous variables presented as Median (IQR (Q1, Q3)). P (Group) means the P-value of two groups at

the same time. P (Time)means the P-value at different times within the group.

ANCOVA was used to compare the two groups after adjusting the baseline levels, and the

results showed that there were differences in leukocyte and neutrophil between the two groups after
intervention (P < 0.05). These changes may require further research to determine its specific biological
significance.
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Figure 4. Changes of leukocyte and neutrophil in routine blood test. * In Figure 4, orange is the control
group and green is the intervention group. “ns”represents P >0. 05; “*”represents P <0. 05. The
significance in black indicates the difference between the two groups at the same time, and the red
indicates the difference within the group at different times.

3.3.4. Self-Reported Health Status

Chi-square statistics was used to analyze the indicators of self-reported health status. The
prevalence of chronic diseases at baseline was analyzed in (Table S6). There were no significant
differences in self-reported health status between the BC supplement group and the control group at
baseline (P >0.05). The results of the 56th and 90th day follow-up showed that there were no statistical
differences in the self-reported health status between two groups (P > 0.05). Exceptionally,
participants in the control group had an increase in the number of colds during the intervention (P =
0.004), whereas this index did not change in the intervention group (P > 0.05) (Table S7). In addition,
on day 0, 19.68% of the participants reported oral ulcers. On day 56, the rate of oral ulcers was 14.04%,
and on day 90, the rate decreased to 8.78%. Compared with day 0 and day 56, the incidence of oral
ulcer in BC supplement group decreased significantly on day 90 (P <0.05), while the change in control
group was not significant (P > 0.05), which indicated that BC supplement was beneficial to improve
the condition of oral ulcer. The changes of self-reported oral ulcers in each group within 90 days are
shown in Table 5.

Table 5. Self-reported changes in oral ulcers within 90 days (%).

Group Day 0 Day 56 Day 90 X2 P
Total 9.592 0.048
never 151 (80.3) 153 (86.0) 156 (91.2)
Sometimes 27 (14.4) 19 (10.6) 9(5.3)
frequently 10 (5.3) 6 (3.4) 6 (3.5)
Control 3.136 0.535
never 77 (81.9) 77 (84.6) 74 (88.1)
sometimes 13 (13.2) 12 (13.2) 6(7.1)
frequently 4(4.3) 2(2.2) 4 (4.8)
Intervention 9.683 0.046
never 74 (78.7) 76 (87.4) 82 (94.3)
sometimes 14 (14.9) 7 (8.0) 3(3.4)
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frequently 6 (6.5) 4 (4.6) 2 (2.3)
X2 0.497 1.900 2.205
p 0.780 0.387 0.363

Note. Categorical variables are presented as counts (%).

3.3.5. FFQ

Participants” average daily nutrient intake was assessed using FFQ (Table S8). In general, there
was no statistically significant difference in the intake of major nutrients (Protein, Fat, Vitamin (A, C,
D, E), Minerals, Folate) between the two groups (P >0.05), indicating that there were no significant
differences in dietary habits and the groups were comparable.

3.3.6. Physical Activity Levels (IPAQ-LF)

Physical activity levels were measured with IPAQ-LF at baseline and after the intervention.
There were 149 participants met the inclusion criteria after questionnaire screening. At baseline, the
(M, (Q1, Q3)) of total metabolic equivalent minutes per week (MET-min/wk) were 5166.0 (3205.5,
7976.25) in the intervention group and 5097.0 (2822.0, 6552.0) in the control group. After the physical
activity level was divided into three levels according to the standard, there was no difference in the
physical activity level between the two groups at baseline (P =0.239). IPAQ was measured again after
the intervention, and the results showed that total MET-min/wk in intervention group vs. control
group was 4935.0 (3638.3, 7659.0) vs. 4473.0 (2646.0, 7938.0), and the difference between groups was
still not significant (P = 0.796). IPAQ outcomes are shown in Table S9.

3.3.7. Sleep Quality in PSQI

At baseline, PSQI score was 8.11+2.89 in the BC supplement group while 8.43+3.17 in the control
group, and there was no significant difference in sleep quality between the two groups (P > 0.05).
After 90 days of intervention, the PSQI sleep quality index score of the BC supplement group was
5.01+2.80, slightly lower than that of the control group (5.28+2.88), but there was no significant
difference (P > 0.05). The score of the BC supplement group decreased by 3.10+2.96, while the control
group decreased by 3.15+2.47. Compared to baseline, sleep quality improved in both groups after the
intervention (P < 0.05).
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Figure 5. Changes in PSQI scores in each group.* In Figure 5, orange is the control group and green
is the intervention group. “***”represents P <0. 001; “ns”represents P >0. 05; The significance in black
indicates the difference between the two groups at the same time, and the red indicates the difference
within the group at different times.

4. Discussion

The aim of this study was to evaluate the effect of BC supplementation on sIgA and health status
in middle-aged and elderly people. As the first barrier of human immunity, mucosal immunity plays
a very important role in preventing exogenous infection. The lack of antibodies on the mucosal
surface may make the body more susceptible to viral and bacterial infections. sIgA is the main
antibody in mucosal local immunity and is the first line of defense against respiratory infections such
as pneumonia and influenza [25]. Our current results showed that after 90-day of intervention, the
concentration of sIgA in the participants’ saliva in both groups was significantly increased, possibly
indicating improved immune system activity. Compared with regular milk powder, the
improvement trend of saliva sIgA level in BC supplement group was more obvious (the median
difference is even larger), although the difference was not statistically significant. This may be due to
the abundant bioactive molecules in bovine colostrum, including immunoglobulins, growth factors
and cytokines [19,26]. A study by Crooks et al. showed that consuming 10 grams of bovine colostrum
per day for 12 weeks significantly increased sIgA concentration compared to skimmed milk [18].The
results of the study by Mero et al. showed that compared with the placebo control group
supplemented with maltodextrin, the concentration of sIgA in the bovine colostrum supplement
group increased by 33% [27], which was similar to the results in this study, except that the control
group in this study was regular milk powder with more nutrients.

In addition to changes in salivary sIgA concentrations, the results showed that serum IgA in the
BC supplement group was significantly higher than that in the regular milk powder group after
intervention, possibly indicating that BC supplements had a greater effect on IgA in serum than
regular milk powder, while the difference between two groups in Saliva sIgA was not significant.
This may be because although method teaching and quality control were carried out at the time of
saliva collection, individual oral differences and other conditions could not be excluded. For example,
the time and conditions of sample collection, the changes of salivary sIgA at different times, and
environmental factors such as temperature, humidity and air pressure in the experimental
environment may all affect the experimental results. However, compared with saliva, serum may be
more stable and objective.

Furthermore, although the incidence of oral ulcers did not differ significantly between groups,
the intra-group analysis showed that the incidence of oral ulcers decreased significantly in the BC
supplement group, while this trend was not significant in the control group, which may indicate that
intake of BC supplements can reduce oral inflammation and improve oral health. Results of previous
trials on chemotherapy-induced gastrointestinal toxicity of bovine colostrum in children with acute
lymphoblastic leukemia [28,29] suggested that ingestion of bovine colostrum during treatment had a
protective effect on the oral mucosa and reduced the severity of oral mucositis, similar to the results
of this study. Participants in the control group had more colds with the intervention, possibly because
of changes in the weather. Because the trial started in August and ended in November, which
happened to be the change from autumn to winter. However, the fact that the number of colds did
not change in the BC supplement group, possibly implying increased resistance among participants
in this group. In addition, the PSQI scores of the participants were significantly lower after 90 days
of intervention, indicating that milk powder supplementation had a significant positive effect on
improving sleep quality and could be further studied.

However, it is not clear which components of the milk powder are playing a role. The
intervention group in this study was BC supplement powder, while the control group was regular
milk powder. BC supplement powder contained specific bovine colostrum, whey protein and
probiotics, while regular milk powder did not contain these ingredients. The results of the study
showed that both milk powders improved health to varying degrees. So we’re not sure exactly which
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ingredient is responsible for the positive effect. It may be micronutrients, such as vitamins A, C, D,
E, etc. in milk powder. A complex integrated immune system requires a variety of specific
micronutrients [30], including vitamins A, D, C, E, B6 and B12, folate, zinc, iron, copper and selenium,
among others, which play a vital role in every stage of the immune response, especially vitamins C
and D [31]. There is evidence that vitamin D may play a role in age-related diseases [32,33].
Supplementation of complex combinations of micronutrients in the elderly can increase the number
of different types of immune cells [34], and studies have shown that the intake of multivitamin and
mineral supplements has an impact on immune function in healthy elderly people [35]. Vitamin and
mineral supplements can improve the nutrition and health status of the elderly [36,37]. Therefore,
further research is needed to confirm exactly what components play a key role.

There may be some limitations to this study. First, no significant differences in demographic
characteristics were found in the baseline, but due to the natural differences among individual
subjects, such as differences in immune system, genes, etc., there may be different responses to milk
powder supplementation. When age was taken as a continuous variable, no significant difference
was observed between the two groups. When the age was divided into 65 years old and below and
65 years old, it was observed that the participants in the BC supplement group were older, although
the difference between two groups was still not significant, which may have some impact on the test
results. Second, during the study period, in addition to the intervention of milk powder, there may
be other factors affecting immunity and health status, and the interference of these factors may affect
the interpretation of the results. In addition, it was not possible to control whether participants had
received other health care measures during the trial that might have interfered with the effects of
milk powder, although they were required at the time of signing the informed consent. The use of
mouthwashes and the like may also have some confounding effects [38]. Finally, due to the
complexity and uncertainty of the intervention trial process, there may be other confounding factors
that are not considered.

5. Conclusions

The results of the study suggest that BC supplement powder intervention for 90 days may
provide beneficial health effects in middle-aged and elderly people and promote healthy aging. The
differences in the effects of BC supplement powder and ordinary milk powder on salivary sIgA levels
need to be further studied.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1 Comparison of ingredients between BC supplement powder and regular
milk powder; Table S2 Study Site Follow up Schedule; Table S3 MET of different types of physical activity in
IPAQ-LF; Table S4 Standards for Grouping Individual Physical Activity Levels; Table S5 Comparison of
compliance at three follow-up visits (%); Table 56 Self-reported prevalence of chronic diseases (%); Table S7
Changes in self-reported health status during the intervention period (%); Table S8 Participants” average daily
nutrient intake; Table S9 Physical activity profile of the two groups in IPAQ (%).
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