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Introduction: Bioavailability of calcium is an important consideration when 
designing supplements for achieving adequate calcium intake, mainly in high-
risk, and aged populations. Alternative supplementation strategies may be able 
to circumvent absorption issues commonly seen with calcium supplements. The 
objective of this study was to assess the bioavailability of a single serving of two 
calcium formulations vs. comparator product in healthy postmenopausal women.

Methods: A total of 24 participants between 45 and 65 years were enrolled in a 
randomized, double-blind, three-phase, crossover study, with a 7-day washout 
period between phases. The bioavailability of calcium from calcium-carrying 
Saccharomyces cerevisiae (Ca-SC) or calcium-carrying Lactobacillus (Ca-LAB) in 
the form of postbiotic products versus calcium citrate, a conventional salt-based 
calcium supplement, was determined. Each product provided 630 mg of calcium 
and 400 IU of vitamin D3. After a 14-h (overnight) fast followed by a single dose 
of product with a standard low-calcium breakfast, both serum and urine calcium 
concentrations were assessed for up to 8 and 24 h, respectively.

Results: Ca-LAB resulted in greater calcium bioavailability, demonstrated by 
significantly higher area under the curve and peak concentration both in blood 
and urine, and total calcium mass excreted in urine. The bioavailability of calcium 
was similar for Ca-SC and calcium citrate except for the peak concentration 
value that was significantly higher for calcium citrate. Both Ca-LAB and Ca-SC 
were well tolerated with no significant difference in adverse events between the 
products during the study.

Discussion: These findings suggest that calcium enriched in a Lactobacillus-
based postbiotic system is associated with higher levels of bioavailability as 
compared to calcium citrate, while a calcium-enriched yeast-based postbiotic 
does not influence calcium absorption.
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1. Introduction

Calcium is an essential mineral for the proper function of the 
body. The structural role of calcium in the body is well-documented, 
as well as its role in a wide range of biologic functions such as bone 
formation, muscle contraction, extra-and intracellular signaling and 
nerve impulse transmission (1, 2). Maintaining calcium homeostasis 
is crucial for human health, and it is largely regulated by vitamin D 
and its derivatives (3, 4). Short-term deficiencies in calcium are 
asymptomatic since blood calcium is held in tight homeostasis. 
Chronic deficiencies are associated with numb and tingling fingers, 
cramping, lethargy, abnormal heart rhythm, and bone diseases such 
as osteomalacia and osteoporosis (5).

Osteoporosis and other bone disorders are growing burdens on 
national healthcare systems as they can lead to fracture injuries, 
which require resource-intensive treatments. Especially older 
individuals are more susceptible to bone loss and associated 
complications due to age-related changes in sex steroid production, 
muscle mass, and muscle quality (6–8). Also, post-menopausal 
women are at increased risk of losing bone mass and developing 
osteoporosis because of the marked decrease in estrogen associated 
with menopause (9–11). Estrogen is an anti-resorptive agent, so the 
decrease in estrogen leads to an increase in resorption of calcium 
from bones and a decrease in calcium absorption from the diet (3, 10, 
12). Osteoporosis-related bone loss is most dramatic in the first few 
years after menopause, when women have been reported to lose 
3–7% of total bone mass per year. This figure typically drops to under 
2% per year by age 65 (13).

Calcium is only available to the body through exogenous sources, 
primarily via the diet. The main dietary sources of calcium are dairy 
products and certain vegetables although also calcium fortified plant-
based ‘milks’ and calcium rich mineral waters can be  sources of 
dietary calcium. Calcium supplementation is usually indicated when 
dietary calcium intake may be  insufficient (14). According to the 
National Institutes of Health (NIH), roughly 43% of all Americans and 
70% of elderly American women use calcium supplements (15). The 
NIH recommends a calcium intake of 1,000 mg/day for adults to 
promote bone health. Recommendations increase to 1,200 mg/day for 
older adults and postmenopausal women who are at higher risk of 
developing bone disease such as osteoporosis. Currently, salt-based 
supplements including calcium carbonate and calcium citrate are 
popular because they are inexpensive (5). Although dietary calcium 
absorption varies and is dependent on the food matrix, calcium 
supplements may not be absorbed as effectively as intended (16, 17), 
and may contribute to kidney stone formation (18, 19) and 
gastrointestinal symptoms including constipation and bloating 
(14, 20).

Bioavailability of calcium is an important consideration when 
designing supplements because high intake is meaningless if 
absorption is limited. This is of interest in high-risk, aged populations, 
since they have been shown to have a decreased ability to absorb 
calcium (21, 22). Vitamin D and its derivatives are important 
regulators of serum and bone calcium levels, so vitamin D deficiency 
can negatively impact calcium uptake (3). Calcium from dairy 
products has been documented to be absorbed efficiently. Cooked 
dark green leafy vegetables and Brassica sp. vegetables have been 
shown to be important dietary sources of calcium, although calcium 
absorption can be affected by the presence of oxalate and phytate 

(23). Variability in absorption between supplemental and dietary 
intake has been attributed to several factors such as interactions of 
calcium with other food components in the food matrix and its 
uptake at targeted sites throughout the gastrointestinal tract (16, 17, 
24). Alternative supplementation strategies may circumvent 
absorption issues reported with calcium salt supplements (25–28). 
Calcium from calcium-loaded Saccharomyces cerevisiae (Ca-SC) in 
the form of a postbiotic system has been investigated as a potential 
alternative to traditional supplements. Since calcium is integrated 
into the structure of the yeast, it is hypothesized that a supplement 
made from calcium-enriched yeast would behave similarly to food in 
the gastrointestinal system and, as such, have greater uptake than 
traditional supplements. This theory has been supported by a urine 
excretion study for Ca-SC (29) as well as in other enriched yeast 
systems (30–32). We  also hypothesized that calcium-loaded 
Lactobacillus (Ca-LAB) postbiotic is better absorbed than calcium 
salts for a similar reason.

The current study compares calcium bioavailability of postbiotics 
Ca-LAB, Ca-SC to calcium citrate using classic pharmacokinetic 
parameters based on changes in serum and urine calcium 
concentrations. The postmenopausal women population were selected 
due to their higher risk of losing bone mass and developing 
osteoporosis from the marked decrease in estrogen associated with 
menopause (9, 11).

2. Methods

2.1. Study design

This was a double-blind, randomized, comparator controlled, 
three-phase, cross-over clinical trial conducted at KGK Science 
(London, ON, Canada) between 18th December 2019 and 26th 
January 2021. The study compared the bioavailability of three calcium 
products (Ca-SC, Ca-LAB, and calcium citrate) in healthy 
postmenopausal women. Each participant took part in three single 
dose administrations with two washout periods of 7 days between 
interventions, as shown in Figure 1. The study protocol was reviewed 
by Advarra Institutional review board (Aurora, ON, Canada) and 
Health Canada’s Natural and Non-prescription Health Products 
Directorate, and an unconditional approval was received. IRB 
protocol # Pro00040124, Health Canada Notice of Authorization # 
246340. The study was conducted in compliance with the 
international council for harmonization of technical requirements for 
pharmaceuticals for human use (ICH) Guideline for good clinical 
practice (GCP) and in accordance with the Declaration of Helsinki 
guidelines and its subsequent amendments and followed the 
CONSORT guidelines for randomized controlled trials (33, 34). All 
participants provided written informed consent prior to any study 
procedures and were told that they could withdraw from the study at 
any time (35).

2.2. Participants

Participants were included if: 45–65 years of age with a body 
mass index (BMI) between 19.0 to 29.9 kg/m2; postmenopausal as 
defined by no menstrual period via natural processes for at least 

https://doi.org/10.3389/fnut.2023.1073622
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Friling et al. 10.3389/fnut.2023.1073622

Frontiers in Nutrition 03 frontiersin.org

12 months; had normal electrocardiogram (ECG); parathyroid 
hormone (1–84 PTH) between 1.6 and 6.9 pmol/L; 
25-hydroxyvitamin D [25(OH)D] level ≥ 20 ng/mL; and had a 
calcium intake of >450 mg per day from diet and supplementation 
(36–39). Participants were excluded if they had: an allergy, 
sensitivity, or intolerance to the investigational product’s active, 
inactive ingredients or the ingredients of the standardized meals; any 
disease that affected Calcium or vitamin D metabolism; or had any 
other condition that in the medical director’s opinion would affect 
the participants ability to complete the study or its measures or pose 
a significant risk to the participant. Detailed inclusion and exclusion 
criteria are specified in Supplementary Tables S1, S2.

2.3. Investigational products and dosage

Each participant completed three intervention visits, consuming 
a single serving of two calcium formulations and a reference product. 
Ca-SC (Re-Natured® calcium) and Ca-LAB (Biogurt™ calcium) are 
both derived from enriched calcium cultures of S. cerevisiae and 
Lactobacillus delbrueckii subsp. bulgaricus-87, respectively, (Grow 
Company, Ridgefield, NJ, USA) (40). The cells were grown in the 
presence of calcium, heat-killed at the end of production process and 
spray dried into a dried powder, delivering inactive cells. Subsequently, 
vitamin D3 (Xiamen Kingdomway group Company, Xiamen, China) 
was added to the dried powders, and the mixed formulations were 
encapsulated in identical capsules, providing each 630 mg calcium and 
400 IU vitamin D3 per serving. The reference product was calcium 
citrate tablets (Bayer, Leverkusen, and Germany), containing 315 mg 
calcium and 200 IU vitamin D3 per tablet. The tablets were grinded 
into a powder form and encapsulated in the same capsule format as 
the experimental products, providing 630 mg Calcium and 400 IU 
vitamin D3 per serving. Encapsulation of the powders was conducted 
under good manufacturing practice (GMP) by an independent 
company. After encapsulation, the three products were analyzed to 
assure standardized and identical quantities per serving. Calcium 
content was analyzed by inductively coupled plasma-optical emission 
spectrometry (ICP-OES), and vitamin D content was analyzed by high 
performance liquid chromatography (HPLC). All products were 
stored at room temperature, protected from moisture and direct light 
until administration.

2.4. Randomization

Participants who were found eligible were assigned a 
randomization code on day 1 and randomly allocated into one of three 
intervention sequence arms: A➔B➔C, B➔C➔A, or C➔A➔B 
according to the randomization list: (A) A Single dose of Ca-LAB 
(investigational product), (B) A Single dose of calcium citrate 
(reference product), or (C) A single dose of Ca-SC (investigational 
product). Each arm comprised eight participants. The randomization 
schedule was generated using www.randomization.com.

2.5. Blinding

Study products were labeled with an individual randomization 
and visit number and were identical in appearance, texture, and taste. 
Labeling was done by designated personnel not involved in other 
aspects of the study to maintain blinding. Intervention allocation was 
concealed by using opaque sealed envelopes, each labelled with a 
randomization number. Each envelope contained information 
regarding the intervention associated with each randomization 
number. Investigators and study staff remained blinded to the assigned 
sequence until the database was locked, and the data were analyzed.

2.6. Study protocol

Participants underwent screening procedures within 37 days prior 
to the study run-in period (7 days) to assess their eligibility for 
participation. At the screening, written consent was obtained from 
each participant prior to the conduct of any study-related activity. 
Once consent was obtained, medical history, concomitant medications 
and current health status were reviewed, seated systolic and diastolic 
blood pressure (SBP and DBP), heart rate (HR), oral temperature, 
height, weight, and BMI were measured, and an ECG was recorded. 
In addition, fasted blood and urine samples were collected for analysis. 
Blood test included: complete blood count (CBC), electrolytes 
(sodium, potassium, chloride, phosphate), total calcium, hemoglobin 
A1c (HbA1c), fasting glucose, thyroid stimulating hormone (TSH), 
estimated glomerular filtration rate (eGFR), creatinine, alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST), 

FIGURE 1

Overview of study design. This was a double-blind, randomized, three-phase, crossover study. Intervention phases were separated by a 7-day washout 
period. Participants were randomly assigned into one of three intervention sequence arms at visit 2. R = randomization; Ca = calcium.
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alkaline phosphatase (ALP), albumin, total bilirubin, 1–84 PTH, 
25(OH)D, low-density lipoprotein cholesterol (LDL-C), and 
triglycerides. Urine test included: total calcium, creatinine, and 
albumin. Nutritional counselling and nutritional guidelines were 
provided. From 1 week prior to baseline (day 1) to the end of the study, 
participants were instructed to restrict their calcium and sodium 
dietary intake to 400 and 2,300 mg/day, respectively. These dietary 
instructions were intended to provide a high level of standardization 
in terms of the level of calcium concentration/metabolism (39). Prior 
to the intervention days, i.e., day’s −1, 8, and 16, participants fasted for 
14 h and were only instructed to drink 600 mL distilled water 12 h 
prior to administration and 300 mL distilled water 9 h prior to 
administration. These activities were recorded in the participants’ 
study diary.

On the intervention days, i.e., days 1, 9, and 17, participants were 
instructed to empty their bladder (including the first urine of the 
morning) 2 h prior to administration time and consume 600 mL 
distilled water. During this time, participants also began collecting all 
their pre-intervention urinary output. Once attending the study site, 
participants were under continuous medical supervision until 10 h 
post dose. At the study site, seven-day food record was reviewed and 
concomitant therapies, health status and vitals (BP, HR, and oral 
temperature) were assessed. Under fasting conditions, a 
pre-intervention blood sample was collected, and participants 
emptied their bladder again and the overall urinary output was 
collected over a time window of 2 h prior administration. Then, 
participants consumed a standardized low-calcium breakfast 
(scrambled egg made of three egg whites cooked with one teaspoon 
olive oil, one slice sourdough bread with one teaspoon butter, and one 
cup of raw watermelon; overall calcium content of 39.2 mg) with 
600 mL distilled water and half-way through consumed the 
investigational product. Participants drank 300 mL of distilled water 
every 2 h post dose and were given a standard lunch low-calcium 
meal (90 grams roasted beef, 80 grams banana, and three cups of 
salad containing: iceberg lettuce, tomato, cucumber, and onion with 
one tablespoon vinaigrette; overall calcium content of 50 mg) 6 h after 
the standard breakfast. The main purpose for the standardized 
low-calcium was to reduce the risk of confounding outcomes. Vital 
signs (BP, HR, and oral temperature) were collected every 2 h up to 
10 h post-dose. Blood samples were collected at 1, 1.5, 2, 2.5, 3, 3.5, 4, 
5, 6, 7 and 8 h. Urine samples were collected for time frames 0–2, 2–4, 
4–6, 6–8, 8–10 and 10–24 h. At 10 h post dose, participants drank 
600 mL of distilled water at home and returned to the study site the 
next morning to submit their 10–24 h urine container. Before each 
intervention day, there was a 7 ± 2 days washout period where 
participants completed a seven-day food record to monitor 
compliance with the restricted calcium and sodium dietary intake 
between visits. The completed food records were reviewed by clinic 
staff prior to starting assessments on each intervention day to ensure 
participants complied with the dietary instructions.

2.7. Sample preparation and analysis

2.7.1. Blood calcium
Blood was collected in 5 mL serum separator tubes (SST) clot 

activator with gel (BD Vacutainer, Mississauga, ON, Canada) for 
serum calcium analysis. Serum collected from pre-dose and each 

post-dose time interval was stored at 4°C until the end of each 
collection period and sent for analysis. Serum calcium was analyzed 
using the Roche c701/c501 equipment by colorimetric assay, at 
Dynacare Laboratory (Brampton, ON, Canada).

2.7.2. Urine calcium and creatinine
Urine collected from pre-dose and each post-dose time interval 

was stored at 4°C until the end of each collection period. At the end 
of each collection period, total urine volumes collected at each post-
dose time interval were measured, and the urine container agitated to 
ensure homogeneity. A sample was aliquoted for urine creatinine 
which was used to normalize calcium in the urine. For urine calcium, 
20 mL of 6 M hydrochloric acid was added per 1,000 mL urine and 
centrifuged at 1,000 RCF for 20 min at 4°C. An aliquot of the acidified 
urine was stored at 4°C until the end of each collection period and 
sent for analysis. Urine calcium and creatinine were analyzed using 
the Roche c701/c501 equipment by colorimetric and enzymatic 
methods respectively, at Dynacare Laboratory (Brampton, ON, 
Canada).

2.8. Assessments

2.8.1. Bioavailability parameters
Incremental area under the curve (iAUC) from 0 to 8 h was 

calculated for serum calcium by determining the area under the curve 
above the baseline value using the trapezoid method. Total area under 
the curve (AUCT) from 0 to 8 h for serum calcium, and 0 to 10 and 
24 h for urine calcium were derived from individual concentration-
time plots for each participant using the trapezoid method. Urinary 
calcium was corrected by corresponding urinary creatinine to 
accommodate for the completeness of the urine collection. Peak 
concentration of serum and urine calcium (Cmax) and time to peak 
concentration for serum calcium (tmax) were determined directly from 
the concentration-time curve. For urine, tmax was calculated as the 
median of the collection interval at the observed peak concentration. 
In addition, cumulative urinary calcium excretion after 10 and 24 h 
were calculated.

2.8.2. Safety evaluation
All participants who received at least one dose of any study 

product were included in the safety evaluations. Safety analyses 
include vital signs (blood pressure, heart rate, oral temperature), 
anthropometrics (height, weight, and BMI), biochemistry analysis 
(ALT, AST, albumin, creatinine, and electrolytes (sodium, 
potassium, and chloride), fasting and random glucose, and total 
bilirubin), hematology analysis (white blood cell (WBC) 
differential count, red blood cell (RBC) count, hemoglobin, 
hematocrit, platelet count, and RBC indices), and incidence of 
adverse events (AEs). All clinical laboratory analysis were 
conducted using standardized procedures at Dynacare Laboratory 
(Brampton, ON, Canada).

Adverse events were recorded throughout the study using a study 
diary and were reviewed at each study visit to classify based on the 
description, duration, intensity, frequency, and outcome. All AEs were 
analyzed by Medical Dictionary for Regulatory Activities (MedDRA) 
dictionary Version 24.0. Severity and causal relationship with the 
product were assessed by the qualified investigator (QI).
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2.9. Statistical analyses

A sample size of 20 participants, with a total of 24 assuming 20% 
attrition rate, was estimated to detect a difference in pharmacokinetic 
parameters with an effect size of d = 0.66 and 80% power using a 
paired t-test with 0.05 two-sided significance level (41). Head-to-
head comparisons between the calcium products were made with 
respect to pharmacokinetic parameters based on the intent-to-treat 
(ITT) population, using a mixed model Analysis of Variance 
(ANOVA), with product, sequence and period as fixed effects, and 
participant as the random effect. Pharmacokinetic parameters that 
were not distributed normally by the Wilk Shapiro test were log 
transformed prior to conducting statistical analysis. Differences in 
time parameters (tmax) between treatments were assessed by 
Non-parametric Wilcoxon–Mann–Whitney Rank sum test. The 
difference between study products in calcium concentration at a 

respective timepoint was assessed by paired t-test. Categorical 
variables were assessed using Poisson Generalized Linear Model. In 
the statistical analysis, value of p less than 0.05 was considered 
statistically significant. The data were analyzed using the SAS ® 
version 9.4 (SAS Institute, Cary, North Carolina).

3. Results

3.1. Baseline characteristics

Twenty-four healthy postmenopausal females who met the 
inclusion and exclusion criteria described in the study protocol were 
enrolled in the clinical study. A total of 22 completed the study, with 
two participants withdrawing consent following the first intervention 
(Figure 2). At baseline, the mean age of the women was 56.2 years, 23 

FIGURE 2

Flow diagram of study participants. Ca = calcium; ITT = Intent-to-treat.
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FIGURE 3

Change in serum calcium concentration from baseline after single oral load of calcium-carrying Lactobacillus (Ca-LAB), calcium citrate and 
Saccharomyces cerevisiae (Ca-SC). Vertical bars indicate standard error of the mean. Significant difference between Ca-LAB and calcium citrate or 
Ca-SC is shown by *p ≤ 0.05 and †p ≤ 0.05, respectively. Significant difference between Ca-SC and calcium citrate is shown by ‡p ≤ 0.05. p-value is 
based on paired t-test. Ca = calcium.

were of European descent and one of southeast Asian descent. 
Participants were normal weight, with a mean BMI of 24 kg/m2 
(Table 1).

3.2. Serum calcium

The change in serum calcium concentration from 
pre-intervention over 8 h after administration is shown in Figure 3. 
Increment in serum calcium concentration was significantly higher 
following Ca-LAB administration compared to calcium citrate and 
Ca-SC, from 2 to 5 h post dose and from 2 to 6 h post dose, 

respectively. Following calcium citrate administration, there was no 
significant difference in serum calcium concentration compared to 
Ca-SC post dose up to 5 h but increment serum calcium was 
significantly higher at 6 h post dose. Comparison of serum calcium 
pharmacokinetic parameters among the three products are presented 
in Table 2. Ca-LAB had higher iAUC0-8h compared to calcium citrate 
(p = 0.006) and Ca-SC (p = 0.004). For the other pharmacokinetic 
parameters, the AUCT0-8h of Ca-LAB, was significantly higher than 
that of Ca-SC (p  = 0.001) and showed trend toward significance 
compared to calcium citrate (p = 0.060). Cmax was higher for Ca-LAB 
compared to Ca-SC (p < 0.001). tmax was not significantly different 
between the three products. There was no difference in 

TABLE 1 Demographic and baseline characteristics of the study participants.

Total (n = 24) Allocated Sequences

A➔B➔C (n = 8) B➔C➔A (n = 8) C➔A➔B (n = 8)

Mean (SD)

Age (years) 56.2 (4.5) 55.9 (4.7) 57.3 (5.1) 55.4 (3.9)

Years after menopause 6.6 (4.1) 4.8 (3.4) 9.2 (5.1) 5.8 (2.6)

Ethnicity, n (%)

White (Eastern European) 3 (12.5) 2 (25.0) 0 (0.0) 1 (12.5)

White (Western European) 20 (83.3) 6 (75.0) 8 (100) 6 (75.0)

Southeast Asian 1 (4.2) 0 (0.0) 0 (0.0) 1 (12.5)

Weight (kg) 62.0 (6.2) 62.0 (4.7) 62.0 (5.2) 62.1 (8.7)

BMI (kg/m2) 24.0 (2.1) 23.7 (2.3) 24.2 (2.3) 24.0 (2.0)

25(OH)D (mmol/L) 91.6 (22.7) 90.1 (23.9) 95.4 (21.6) 89.4 (25.1)

PTH (pmol/L) 4.2 (1.1) 4.6 (0.9) 3.8 (0.9) 4.2 (1.4)

A = calcium-carrying Lactobacillus (Ca-LAB); B = calcium citrate; C = calcium-carrying Saccharomyces cerevisiae (Ca-SC).
Data are expressed as mean (SD) unless otherwise noted.
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pharmacokinetic parameters between calcium citrate and Ca-SC 
except for Cmax that was substantially higher for calcium citrate 
(p = 0.028).

3.3. Urine calcium

The change in urinary calcium over the 24-h collection period for 
the three test products is represented in Figure 4A. Urinary calcium 
significantly increased following Ca-LAB administration compared to 
calcium citrate and Ca-SC administrations for urine collected in 
intervals 2–, 4–, and 6–8 h. Urinary calcium profiles were similar 
following calcium citrate and Ca-SC administration, with only one 
significantly higher calcium value for calcium citrate compared to 
Ca-SC in interval 10–24 h. Total calcium excreted up to 10 h post dose 
was higher following Ca-LAB administration compared to calcium 
citrate (p = 0.002) and Ca-SC (p = 0.004; Figure 4B). Furthermore, 
urine calcium excretion over 24 h was higher following Ca-LAB 
administration compared to calcium citrate administration (p = 0.013; 
Figure 4B). Urine calcium pharmacokinetic parameters between the 
three products are presented in Table 2. AUCT0-10h, AUCT0-24h, and Cmax 
were significantly higher for Ca-LAB compared to calcium citrate 
(p < 0.001, p = 0.006, and p < 0.001, respectively) and Ca-SC (p < 0.001, 
p = 0.003, and p < 0.001, respectively). No differences were observed 
between calcium citrate and Ca-SC.

3.4. Safety evaluation

A total of 26 AEs was reported in 11 participants throughout 
the study, four participants following Ca-LAB administration, 

seven participants following calcium citrate administration, 
and six participants following Ca-SC administration 
(Supplementary Table S3). There was neither a statistically significant 
difference in the proportion of participants reporting AEs, nor in the 
rate of AE incidences between the study products (data not shown). 
Out of the 26 AEs, only four gastrointestinal related AEs reported by 
one participant following the Ca-LAB administration classified as 
possibly product related (data not shown). The majority of the AEs 
(73.1%) were mild, and the rest were moderate 
(Supplementary Table S3). Headache was the most common AE, 
reported eight times during the study by six participants. No 
clinically significant changes in clinical chemistry or hematology, 
anthropometrics or vital signs were observed (data not shown). Both 
Ca-LAB and Ca-SC were well tolerated by the study participants.

4. Discussion

Calcium is an important micronutrient and although it can 
be  absorbed from a varied diet, especially from dairy and certain 
vegetables, there often may be a need to supplement the diet (14). The 
biological availability of calcium from dietary sources is variable and 
may be equivalent or lower than from supplements (16, 17) which 
highlights there may be  a need for alternative dietary supplement 
solutions. The aim of this study was to compare the bioavailability of a 
yeast (Ca-SC) and a Lactobacillus (Ca-LAB) calcium supplement to a 
commercially available calcium citrate supplement in a single serving, 
using a pharmacokinetic approach. The present findings confirmed that 
calcium in an enriched Lactobacillus-based postbiotic system is 
associated with higher levels of bioavailability as compared to calcium 
citrate, a conventional salt-based calcium supplement, while calcium in 

TABLE 2 Comparison of pharmacokinetic parameters in serum and urine between calcium-carrying Lactobacillus (Ca-LAB), calcium citrate, and 
calcium-carrying Saccharomyces cerevisiae (Ca-SC).

Ca-LAB Ca-SC Ca citrate

Mean (SD)

Serum

  Pre-dose serum calcium (mmol/L) 2.36 (0.09) 2.35 (0.08) 2.37 (0.08)

  iAUC0-8h(mmol/L*h) 0.86 (0.51)a 0.52 (0.45)b 0.60 (0.49)b

  AUCT0-8h (mmol/L*h) 19.72 (0.74)a 19.34 (0.68)b 19.14 (2.13)a,b

  Cmax (mmol/L) 2.57 (0.11)a 2.50 (0.10)b 2.54 (0.10)a

  tmax (h)† 4.0 (2.0–7.0) 4.0 (1.5–8.0) 5.5 (2.0–8.0)

Urine

  Pre-dose urine calcium normalized to 

creatinine (mmol/mmol)
0.29 (0.19) 0.29 (0.18) 0.30 (0.21)

  Pre-dose excreted calcium (mg) 5.83 (3.81) 7.27 (13.67) 5.40 (5.30)

  AUCT0-10h (mmol/mmol*h) 9.32 (2.91)a 7.96 (2.65)b 7.50 (2.61)b

  AUCT0-24h (mmol/mmol*h) 14.08 (4.76)a 12.40 (4.36)b 11.65 (4.47)b

  Cmax (mmol/mmol) 1.48 (0.48)a 1.22 (0.39)b 1.18 (0.33)b

  tmax (h)† 5.0 (3.0–7.0) 5.0 (3.0–7.0) 5.0 (3.0–9.0)

iAUC, incremental area under the concentration-time curve; Ca, calcium; AUCT, area under the concentration-time curve; Cmax, peak concentration; tmax, time to peak concentration; h, hours. 
†tmax is presented as median (range). a,bRows values not sharing the same superscript are significantly different from each other, P ≤ 0.05. Rows without any superscripts are not significantly 
different from each other p > 0.05.
Data are expressed as mean (SD) unless otherwise noted.
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FIGURE 4

Urinary calcium profile after single oral load of calcium-carrying Lactobacillus (Ca-LAB), calcium citrate and calcium-carrying Saccharomyces 
cerevisiae (Ca-SC). (A) Urine calcium concentration corrected by corresponding urinary creatinine (mmol/mmol) from 0 to 24 h post dose. (B) Total 
calcium excreted in urine for 10 and 24 h post dose. Vertical bars indicate standard error of the mean. Significant difference between Ca-LAB and 
calcium citrate or Ca-SC is shown by *p ≤ 0.05 and †p ≤ 0.05, respectively. Significant difference between Ca-SC and calcium citrate is shown by 
‡p ≤ 0.05. p-value is derived based on paired t-test. Ca = calcium.

an enriched yeast-based postbiotic system had equivalent bioavailability 
as calcium citrate. The bioavailability of calcium in serum during the 
Ca-LAB period was higher than that of calcium citrate and Ca-SC. This 
was most clearly demonstrated by significantly higher iAUC0-8h for 
Ca-LAB in comparison to calcium citrate and Ca-SC. This parameter 
is considered more appropriate for serum measurements compared to 
total AUC, as the varying baseline values of individuals are taken into 
consideration (39, 42). The pharmacokinetic profile and parameters of 
calcium in serum was similar for Ca-SC and calcium citrate except for 
a significant difference in Cmax.

Calcium excretion in urine was also increased with Ca-LAB in 
comparison to calcium citrate and Ca-SC. This was illustrated by 
its higher calcium AUCT0-10h, AUCT0-24h, and Cmax, and the total 
calcium mass excreted at 0–10 h and at 0–24 h while Ca-SC and 

calcium citrate demonstrated similar urinary excretion. This too 
indicates a higher bioavailability, as it was previously suggested that 
oral calcium load is correlated with calcium excretion in urine (43).

Calcium in an enriched cell system is assumed to be naturally 
integrated by the growing microorganism into its own structure as 
part of the fermentation process (30, 31, 44). Consequently, the 
elemental calcium may change its chemical properties and interactions 
within the matrix, resulting in calcium complexes that are highly 
bioavailable (16, 29). This is evident by large variation in calcium 
absorption observed in different type of foods, ranging from 5% in 
spinach to approximately 50% in Brassica vegetables when fed at 
comparable calcium loads (16, 27). In comparison, calcium carbonate 
and calcium citrate, the most widely used salt based calcium 
supplements by consumers, were reported to have similar absorbance 
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around 24% (25). Based on the study results, enriched postbiotic 
system could potentially promote the buildup of calcium in tissues, 
however, long-term exposure studies are needed to clarify if more of 
the absorbed calcium is retained in the body and what type of calcium 
complexes promote this effect.

Calcium bioavailability, besides being influenced by delivery system, 
is also controlled by other factors like age, physiological conditions, 
hormonal regulation and dietary patterns (16, 45). To ensure a reasonably 
homogeneous group, the target population for this study was healthy 
postmenopausal women. This population was chosen as one who most 
likely to be needing an effective calcium supplementation to maintain 
bone health (9–11, 46). Moreover, participants with vitamin D3 
deficiency were excluded from the study, and vitamin D3 content was 
standardized across all study products. Calcium and sodium intakes were 
standardized prior to baseline, as both are known for their dietary effects 
on calcium absorption and excretion (39, 42).

The safety evaluation during the study demonstrated that both 
Ca-LAB and Ca-SC were well tolerated with no significant difference 
in adverse events between study products. Majority of the AEs 
reported in this study (73.1%) were mild with no serious AEs reported. 
The most common AE was headache, which was observed in six 
participants after administration of all tested products. Only one 
participant who received Ca-LAB experienced gastrointestinal AEs 
that were considered possibly product related. All AEs have been 
reported in previous bioavailability studies evaluating calcium 
supplements (47). There were no clinically significant changes in 
laboratory parameters (clinical chemistry and hematology) or vital 
signs after intervention of all tested products.

Despite the strengths of this randomized, double-blind, 
comparator-controlled, crossover study, there are a few inherent 
limitations. Fractional intestinal calcium absorption, a more precise and 
accurate method, could not be used since commercial dietary products 
could not be labeled with calcium isotopes. Moreover, the increment in 
serum calcium from baseline at 8 h after calcium loads was still 
substantial for all test groups, indicating that calcium absorption was 
not completed at 8 h post dose. Thus, elimination rate constant and 
elimination rate, as well as extrapolation of AUCT to infinity were 
impractical to measure. Although considered as limitations, this 
pharmacokinetic study is adequate in assessing relative bioavailability 
of calcium preparations and is in line with other studies (39, 42, 48).

Lastly, calcium was administered together with a breakfast, 
therefore, the interaction between calcium preparations and food 
could not be evaluated as a factor influencing the pharmacokinetic 
endpoints (49, 50).

To conclude, the present study shows that Ca-LAB had greater 
calcium bioavailability as compared to calcium citrate and Ca-SC 
whereas the calcium bioavailability of calcium citrate and Ca-SC was 
similar. Both Ca-LAB and Ca-SC were well tolerated with no 
unexpected safety concerns.
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