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ABSTRACT

Saccharomyces cerevisiae yeast-based supplements (SCYS) are frequently used as galactagogues with limited evidence of their
efficacy. This study investigates the effect of SCYS on human milk oligosaccharide (HMO) concentration and indicators of milk
supply. Sixty-eight breastfeeding women with a healthy singleton infant aged 1-7 months were randomly assigned to consume a
SCYS product (5 g/day) or placebo for 4 weeks. The primary outcome was the change in the total HMO concentration. The
secondary outcomes included participants’ perceptions of milk supply, intervention effectiveness, postnatal distress, infant
feeding patterns, infant anthropometry, and adverse effects. Intention-to-treat analysis was performed. Multivariable linear
regression analysis showed no significant effect of SCYS on individual or total HMO concentrations. However, 65% of women in
the SCYS group, compared to 35% in the placebo group, perceived an increase in milk production (p < 0.05). No significant
differences were found for other secondary outcomes. However, mothers in the SCYS group had a small but significant
improvement in perception of their milk quantity and quality (p < 0.05). SCYS use was also associated with significantly lower
formula use at 6 months postpartum (4% vs. 27%, p < 0.05). While SCYS does not impact HMO concentration, it may improve
women's perceptions of milk supply. A larger randomised controlled trial is needed to assess its potential effects on actual milk
production and composition and address issues of perceived insufficient milk.

Trial Registration: This trial was registered at the Australian New Zealand Clinical Trials Registry (trial registration number:
ACTRN12619000704190)

1 | Introduction

Breastfeeding promotes infant growth and development and
benefits mothers’ physical and mental health in the short and
long term (Victora et al. 2016). The World Health Organiza-
tion (WHO) and Aotearoa New Zealand (NZ) recommend
exclusive breastfeeding to 6 months of age and prolonged
breastfeeding to at least 2 years (Ministry of Health 2021a;
World Health Organization 2022).

Perceived insufficient milk (PIM) is frequently reported by breast-
feeding women as the primary reason to stop breastfeeding or to
introduce infant formula (Gatti 2008; Morton et al. 2012). PIM is the
mother's perception of her milk supply based. This is generally
based on signs such as infant behaviour, infant growth, the
appearance of the milk or breast fullness. In some cases, the milk
supply may be insufficient for the infant while in other cases it is a
misperception (Huang et al. 2022; Segura-Pérez et al. 2022).
Breastfeeding women sometimes use galactagogues when they have
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Summary

« Women consuming Saccharomyces cerevisiae yeast-
based supplements grown on molasses at 5g/day per-
ceived the intervention as effective significantly more
often than those receiving a placebo, despite no
observed effects on human milk oligosaccharide or
women's perception of their milk supply.

Significantly fewer women in the SCYS group reported
formula use at 6 months postpartum compared to the
placebo group, suggesting that SCYS may support ex-
clusive breastfeeding.

Future studies with larger sample sizes are warranted to
confirm these findings and explore potential mecha-
nisms in greater detail.

Healthcare professionals and breastfeeding women
should be aware that the galactagogue efficacy and the
effective dosage of brewer's yeast remain unclear.

concerns about their milk supply. Galactagogues are substances
suggested to increase breast milk production and/or support
breastfeeding outcomes (Foong et al. 2020). Saccharomyces cerevi-
siae yeast-based supplements (SCYS) such as brewer's yeast are
popular galactagogues among breastfeeding women (Bazzano
et al. 2017; McBride et al. 2021; Steyn et al. 2017). However, they
have only been demonstrated to increase milk production in lac-
tating ruminants and sows (Jia et al. 2021).

SCYS could be effective as a galactagogue by increasing breast
milk volume or they could affect mothers' perception of their
milk supply, for example by influencing human milk oligo-
saccharides (HMOs) and postnatal distress, therefore, improve
breastfeeding outcomes (Jia et al. 2021).

Some indirect evidence suggests maternal SCYS supplementa-
tion may affect HMO concentrations. Having a high prebiotic
fibre maternal diet was reported to affect oligosaccharides in rat
milk, consequently influencing the gut microbiota in offspring
(Hallam et al. 2014). Results in human studies also suggest that
maternal diet influences HMO abundance and profile (Quin
et al. 2020; Seferovic et al. 2020). HMOs benefit infant gut
health, modulate immune responses, and promote brain
development (Bode 2012; Oliveira et al. 2015). Thus, HMO
concentration changes may impact infants, resulting in less
unsettled and crying behaviour, influencing the mother's per-
ception of her infant's satisfaction and, consequently, the per-
ceived adequacy of her milk supply, i.e. PIM (Peacock-
Chambers et al. 2017; Sacco et al. 2006; Safon et al. 2017).

Additionally, we propose that SCYS supplementation may con-
tribute to reducing postnatal distress and, consequently, address
PIM for some women. Symptoms of postnatal distress such as
stress, anxiety and depression are reported to adversely influence
milk ejection reflex (Massey et al. 2016) and decrease breastfeeding
self-efficacy (Mercan and Tari Selcuk 2021), which can result in
PIM. In an Australian study, participants who consumed spreads
produced from Saccharomyces cerevisiae yeast extract exhibited
significantly lower stress and anxiety scores compared to those who
did not, suggesting that SCYS may relieve stress and anxiety in the

general population (Mikkelsen et al. 2018). Supplementing with
Saccharomyces cerevisiae yeast-derived beta-glucan has also signifi-
cantly reduced Profile of Mood States scores in women with
moderate stress, when a lower score denotes less stress (Talbott and
Talbott 2012). No studies have been conducted on how SCYS
supplementation influences postnatal distress in lactating women.
However, if it is effective in reducing postnatal distress, it may result
in improved milk ejection reflex and consequently decrease PIM.

Adverse effects of taking brewer's yeast supplements, includ-
ing constipation, nausea, decreased appetite, and skin rash,
were reported in two human studies investigating the health
benefits of chromium-enriched yeast supplementation on type
2 diabetes (Kleefstra et al. 2006; Krél et al. 2011). Studies on
selenium-enriched yeast supplementation during lactation did
not report any adverse effects (Kumpulainen et al. 1985;
McGuire et al. 1993; Trafikowska et al. 1998; Trafikowska
et al. 1996). Thus, it remains unknown if taking yeast-based
supplements during lactation causes adverse effects on women
or infants.

This study aims to evaluate the effect of maternal supplementation
with SCYS on HMO concentration and indicators of milk supply
and to assess the adverse effects of taking SCYS during lactation.

2 | Method
2.1 | Study Design

This was a randomised, double-blind, placebo-controlled trial with a
two-arm, parallel design. The participants were randomly assigned
to a placebo group or a SCYS group with an allocation ratio of 1:1.

2.2 | Setting

This trial was conducted in Palmerston North, NZ, between May
2019 and July 2021. Participants were recruited from Manawati-
Wanganui and Wellington regions in the North Island of NZ.

2.3 | Participants

Breastfeeding women first contacted the researcher after seeing
the online or local advertisements. The study information sheet
was then sent to the potential participants, and an online
screening questionnaire was completed to check eligibility.
Inclusion criteria included women over 16 years with a healthy,
singleton infant 1-7 months of age; currently breastfeeding,
including feeding directly from the breast, feeding with expressed
milk or mixed feeding with formula (less than 100 mL/day).
Mothers with the following problems were excluded: allergy to
yeasts; taking medicines such as Phenelzine (Nardil), Tranylcy-
promine (Parnate), Selegiline (Ensam, Eldepryl), Isocarboxazid
(Marplan) and Meperidine (Demerol) or any other medications
containing Monoamine Oxidase Inhibitors; having health condi-
tions or taking medications that could influence milk secretion-
related hormones or milk supply; Crohn's disease; compromised
immunity; or treatment for fungal infections. SCYS may contain
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large amounts of tyramine that can interact with monoamine
oxidase inhibitors. This interaction may cause a significant rise in
blood pressure and increase the risk of heart attack or stroke
(McCabe-Sellers et al. 2006; U.S. Food and Drug Administra-
tion 2010). As such, SCYS should be avoided when taking medi-
cations containing monoamine oxidase inhibitors.

The primary outcome of this study is the change in total HMO
concentration from baseline to endpoint, calculated as the sum of
the concentrations of individual HMOs, consistent with established
methods reported in the literature (Austin et al. 2019; Azad
et al. 2018; Ferreira et al. 2020; Lagstrom et al. 2020; Larsson
et al. 2019; Miliku et al. 2018; Paganini et al. 2019; Plows et al. 2020;
Samuel et al. 2019; Sprenger et al. 2017). HMO profiles and con-
centrations vary substantially between individuals, primarily due to
genetic differences in glycosyltransferase enzymes encoded by the
Secretor (Se) and Lewis (Le) genes (Plaza-Diaz et al. 2018;
Urashima et al. 2018) Moreover, most HMO concentrations natu-
rally decline over the course of lactation, particularly between one
and 9 months postpartum, with exceptions such as 3-FL and
LNFP-III (Austin et al. 2019; Ferreira et al. 2020; Larsson
et al. 2019; Paganini et al. 2019; Plows et al. 2020; Samuel
et al. 2019; Sprenger et al. 2017). Given this interindividual varia-
bility and the natural decline in HMO concentrations over time,
using the change in total HMO concentration offers a more stable
and feasible outcome measure in studies with smaller sample sizes.

The estimated sample size was 32 in each group. This cal-
culation was based on an assumption to capture a 20% dif-
ference in total HMO concentration changes from the
baseline to the endpoint between the SCYS group and the
placebo group. It is further assumed that the total HMO
concentration changes is skewed distributed and the variance
equal to 0.3-fold the median of the total HMO concentration
changes in both groups. These assumptions were based
on findings from longitudinal studies on HMO concentration
at 1-9 months postpartum (Austin et al. 2019; Ferreira
et al. 2020; Larsson et al. 2019; Paganini et al. 2019; Plows
et al. 2020; Samuel et al. 2019; Sprenger et al. 2017).

The following equation was used to calculate the sample size
(O'Keeffe et al. 2017), where: m1 =1 (median in the placebo
group at the endpoint); m2 = 0.8 (median in the yeast supple-
ment group at the endpoint); ¢1=¢2=0.3 (variances);
za/2 =1.96 (5% significance level); and z@ = 0.84 (80% power).

2
(cf + c%)(z% + %)

"~ (log(m) — log(m,))>?

1 1, ¢ 1 1,
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(log(my) — log(my))?

Za %\?
(7 + 7)

2.4 | Intervention

An independent research technician wused the toss-of-
coin method for a block of four to randomly assign the

eligible participants to the placebo or the SCYS group. Two
separate independent technicians generated the randomisation
sequences, assigned unique study codes, and securely stored the
allocation to maintain concealment. During recruitment and
data analysis, the researcher and the participants were blind to
the intervention.

Participants received nine capsules daily for 4 weeks, contain-
ing either yeast (5g/day, powdered brewer's yeast grown on
molasses, purchased at a local market) or a placebo (corn
starch, Novation 4600, Ingredion, NZ). The dose of SCYS was
moderate compared to the common dose of brewer's yeast
supplementation recommended by manufacturers, online reci-
pes for lactation, and human studies investigating effects on
diabetes. Capsule preparation was conducted manually at the
Food Product Development Laboratory at Massey University,
using orange-flavoured and coloured capsules (Capsuline, US)
to mask the yeast's colour and flavour. Participants were in-
structed to swallow the capsules whole to avoid detecting any
differences in taste. All participants received contacts for local
breastfeeding support services.

2.5 | Compliance

Capsules were in containers labelled with the week and day of
the study. Participants took capsules following the labels and
left the missed dose in the container. A photo of the containers
was taken weekly to count the number of capsules consumed.
Consumption of more than 80% of capsules in total was con-
sidered good compliance.

2.6 | Data Collection

Data were collected at baseline, every week during the study
period, and at follow-up at 6 months postpartum for the sub-
group of infants younger than 150 days at baseline. At baseline
and week four of the study (the endpoint), participants visited
the Human Nutrition Research Unit at Massey University or
met the researcher at their home as per their preference for
milk sample collection and infant anthropometric measure-
ments. Other data were collected using online questionnaires or
paper forms.

2.6.1 | Milk Sampling and HMO Analysis

Approximately 50 mL of breast milk was collected at the baseline
and the endpoint. Milk samples were collected using an electric
breast pump between 9:30 am and 11:00 am to avoid milk
composition variations caused by circadian rhythm (Italianer
et al. 2020). A detailed milk collection procedure is in Appendix.
The milk samples were kept at 4°C during transfer to the lab, then
separated into 5mL tubes and stored at —80°C until analysis.

HMOs were analysed by UHPLC with fluorescence detection
after labelling with 2-aminobenzamide as described by Austin
and colleagues (Austin et al. 2016), with online solid phase
extraction clean-up (Bénet and Austin 2011). The total HMO
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TABLE 1 | Human milk oligosaccharides included in the analysis.
Name Abbreviation
Fucosylated HMOs
2-fucosyllactose 2'-FL
3-fucosyllactose 3-FL
A-tetrasaccharide A-Tet
Lacto-N-fucosylpentaose-I LNFP-I
Lacto-N-fucosylpentaose-11 LNFP-II
Lacto-N-fucosylpentaose-I11 LNFP-III
Lacto-N-fucosylpentaose-V LNFP-V
Lacto-N-neofucosylpentaose LNnFP
Sialylated HMOs
3-sialyllactose 3'-SL
6-sialyllactose 6'SL
Non-fucosylated, non-sialylated HMOs
Lacto-N-tetraose LNT
Lacto-N-neotetraose LNnT

concentration is calculated as the sum of the concentrations of
individual HMOs. Twelve HMOs were quantified, including
nine HMOs quantified directly with available standards (2'-FL,
3-FL, A-Tet, LNFP-I, LNFP-V, 3'-SL, 6'-SL, LNT, and LNnT) and
three HMOs (LNFP-II, LNFP-III and LNnFP) quantified
indirectly against LNFP-I assuming a similar detector response
(Table 1). These HMOs are among the most frequently eval-
uated in the literature and account for approximately 80% of
total HMOs (Austin et al. 2019; Azad et al. 2018; Ferreira
et al. 2020; Lagstrom et al. 2020; Larsson et al. 2019; Miliku
et al. 2018; Paganini et al. 2019; Plows et al. 2020; Samuel
et al. 2019; Sprenger et al. 2017). The presence of 2'-FL was used
to define the Secretor status of the women, which influences the
concentration of 2'-FL and LNFP-I (Thurl et al. 2017).

2.6.2 | Mothers' Perceptions

Women completed questionnaires at baseline, every week during
the study, and at follow-up for the subgroup regarding their
perceptions of milk supply and infant behaviours. These ques-
tions were developed from previous research (Dennis 2003; Hill
and Humenick 1996; Mccarter-Spaulding and Kearney 2001;
Safon et al. 2017), interviews with breastfeeding women (Jia 2023)
and consultation with midwives and IBCLCs. Questionnaires
were refined using cognitive interviews with breastfeeding
women and pretested for clarity.

PIM was evaluated by a single question asking if the participant
believed she was producing the right amount of milk to satisfy her
baby with five options: make too much, just right, sometimes not
enough, often not enough, and not sure. Participants who selected
“not sure” were asked to explain the reasons, and their responses
were then coded to the above options according to their answers.

Perceived milk quantity, quality and infant behaviour were
measured by five-point Likert scale items from five (strongly

agree) to one (strongly disagree), with reverse scoring for one
negative item of perceived infant behaviour. Scores of three
items on perceived milk quantity and quality were summed to
create the variable of perceived milk quantity and quality
(PMQ); similarly, three items were combined for the variable of
perceived infant behaviour (PIB).

An open-ended question at the endpoint visit evaluated the per-
ceived effectiveness of the intervention. Participants were asked if
they thought the intervention influenced their milk supply and
the reasons. The answers were coded to “no influence,” “no idea,”
and “effective.” A binary variable of perceived effectiveness of the
intervention (PEI) was created with “effective” coded as positive
and “no influence”/“no idea” coded as neutral.

2.6.3 | Postnatal Distress

Postnatal distress was assessed by the DASS-21 scale
(Lovibond and Lovibond 1995). This scale has 21 Likert scale
(0-3) items, including three subscales of depression, anxiety,
and stress. Each subscale contains seven items. Scores for each
subscale were calculated by summing up the points for rele-
vant items and multiplying by two; the total score was calcu-
lated by summing up the scores of the three subscales, and
higher scores indicated more severe symptoms (Lovibond and
Lovibond 1995). The DASS-21 scale has been used to evaluate
psychological distress, depression, anxiety, and stress in
pregnant women and mothers of young children in NZ (Lovell
et al. 2015).

2.6.4 | Infant Breastfeeding Patterns

Infant feeding practices were recorded in the questionnaire at
baseline, every week during the study and at follow-up after
6 months. A binary variable of breastfeeding status (exclusive
breastfeeding vs other) was created to compare the proportion of
women exclusively breastfeeding at baseline, endpoint, and follow-
up. A variable of predominant breastfeeding was also created.

The WHO definition of exclusive breastfeeding was used in this
study (Word Health Organization 2022). Predominant breast-
feeding in this study means that from birth to each time point of
the survey, the infant mostly received breast milk (including
feeding on breasts, expressed milk and donor milk). In addition,
the infant might also have received liquids (water and water-
based drinks, fruit juice), ritual fluids and ORS, drops or syrups
(vitamins, minerals and medicines), as well as a small amount
of formula ( < 100 mL/day) occasionally.

The participants recorded breastfeeding timing and duration for
each feed over 24h1 day before the baseline and endpoint
visits. Participants were asked to record one feed beyond 24 h to
ensure the record covered 24 h. Both feeding on the breasts and
feeding with expressed milk were recorded to calculate breast-
feeding frequency in 24 h. Breastfeeding duration over 24 h was
only calculated from feeds on the breast. The definition of one
feed (on breast) was the completion of latching on, swallowing
and latching off, regardless of the time between latching on and
off. For example, if the infant latched on one side and fed for
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1 min, then switched to the other side and fed for another
2 min, this was counted as two feeds. This definition of one feed
differs from previous research, which limited the feeding time
to at least 1min (Oras et al. 2015; Oras et al. 2020;
Vitzthum 1989) or 2min (Gross and Burger 2002), without
involving the time between the latches. This study focused on
the effect of the intervention on infant feeding behaviour;
therefore, even short feeds were recorded.

2.6.5 | Infant Anthropometry

The researcher measured the infant's weight, length and head
circumference at baseline and endpoint visits. Infants were
weighed using a baby weighing scale (Nagata Scale Co Ltd), and
the weight was recorded to the nearest 5g. Infant length was
measured from heel to crown using an infant length board and
recorded to the nearest millimetre. Infant head circumference
was measured using a flexible, non-stretch tape (Gibson 1990)
and recorded to the nearest millimetre.

2.6.6 | Adverse Effects

Self-reported frequency of symptoms related to potential
adverse effects from SCYS, including constipation, decreased
appetite, nausea, and skin rash, were collected at the baseline
and weekly during the study by using a five-point Likert scale
for each symptom ranking from five (always) to one (never).
Participants were also asked to record any other adverse events
they perceived related to taking the study capsules.

2.6.7 | Socio-Demographic and Maternal Factors

Socio-demographic and birth and infant information were col-
lected at baseline. This information was used to describe the
study sample.

2.7 | Data Analysis

Data analyses were performed using SPSS version 25.0 (IBM,
Armonk, NY, US). Intention-to-treat analysis was used. All con-
tinuous variables were tested for normality using a combination of
methods, including stem-and-leaf plot of residuals, normality plot,
and Shapiro-Wilk test. Descriptive analysis was conducted for all
the data. Data were summarised using mean + standard deviation
(SD) for normally distributed variables or median (Q1, Q3) for
non-normally distributed variables. Categorical variables were
summarised using frequencies (%).

The total concentration of fucosylated HMOs was calculated by
summing the concentrations of 2'-FL, 3-FL, LNFP-I, LNFP-II,
LNFP-III, LNFP-V and LNnFP. The concentration of sialylated
HMOs was calculated by summing the concentrations of 3'-SL
and 6'-SL. The total concentration of non-fucosylated, non-
sialylated HMOs was calculated by summing the concentrations
of LNT and LNnT. The total HMO concentration was calculated
by summing all 11 of these HMOs. A-Tet was present in only

26% of milk samples (n =18), and the concentration of A-Tet
was only 1%-3% of the total HMO concentration in most milk
samples. Thus, A-Tet concentration was excluded from the
data analysis. Variables of total HMO concentration change
and each individual HMO concentration change were estab-
lished by calculating the concentration changes from baseline
to endpoint. Multivariable linear regression with the boot-
strap method (Astivia and Zumbo 2019; Williams et al. 2013)
was used to address potential confounders and to examine
the relationship between the effect of intervention and HMO
concentration changes. The potential confounders included
secretor status, maternal age, and breastfeeding status (Azad
et al. 2018; Ferreira et al. 2020; McGuire et al. 2017). Thus,
four variables we included in the model to evaluate individ-
ual and total HMO concentration change. The estimated
sample was 53 participants to detect significant individual
and total HMO concentration changes. The required sample
size was calculated using G*Power for a multiple regression
analysis with four predictors. Assuming a medium effect
size (f2 =0.25), 80% power, and a 0.05 significance level
(Faul et al. 2009).

A comparison of mothers' perceptions (PIM, PMQ and PIB)
between the two groups was made using the Mann-Whitney U
test. Friedman's ANOVA was used to compare the changes in
mothers’ perceptions over time within each group. The differ-
ence in PEI between the two groups at the endpoint was
assessed using the Chi-square test. Postnatal distress (scores of
DASS-21 scale and subscales), breastfeeding frequency and
duration over 24 h, and infant growth were analysed by mixed
ANOVA or nonparametric factorial ANOVA. Variables of
breastfeeding duration and frequency were created by summing
up breastfeeding time and number of feeds for the day
(6 am-6 pm), night (6 pm—6 am the next day), and over 24 h.
Variables related to infant growth were infant weight, length
and head circumference, as well as weight-for-age Z-score
(WAZ), length-for-age Z-score (LAZ), head circumference-for-
age Z-score (HCAZ) and weight-for-length Z-score (WLZ),
which were calculated using WHO Anthro software version
3.2.2 (World Health Organization 2011). The Aligned Rank
Transform (ART) method was used for non-normally distrib-
uted variables during nonparametric factorial ANOVA (Elkin
et al. 2021; Wobbrock et al. 2011). When significant differences
were identified in ANOVA analysis, post hoc comparisons were
conducted using the Wilcoxon signed-rank test with a Bonfer-
roni correction to determine the specific time points at which
the changes occurred. Perceived adverse effects between the
two groups were compared using the Mann-Whitney U test.
Other adverse effects reported were analysed using descriptive
analysis. The difference between the number of participants
who reported other adverse effects was compared by the Chi-
square test.

In the subgroup of women with infants less than 150 days at
baseline, the proportions of predominant breastfeeding, ex-
clusive breastfeeding, and formula use between the two groups
were compared by Fisher's Exact test. The change in mothers’
perceptions (PIM, PMQ and PIB) from baseline, endpoint to
follow-up after 6 months was evaluated using Friedman's AN-
OVA. PIM, PMQ, and PIB between the two groups were tested
using the Mann-Whitney U test.
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2.8 | Ethics Statement

Massey University Human Ethics Committee approved this
study (SOA 18/80).

3 | Results

In total, 72 women signed up for this study, 68 participants
completed the trial at the endpoint, and 46 completed the
follow-up survey (Figure 1). Most participants had good com-
pliance during the intervention: 57 participants consumed
>90% of capsules, 10 participants consumed 80%- 89% of cap-
sules (five in each group), and only one participant in the pla-
cebo group consumed < 80% of capsules.

Demographics and baseline characteristics were similar in the
two groups (Table 2). The mean age of participants was
32.1 years, similar to the median age of women having an infant
in NZ (31.2 years) (Statistics New Zealand 2023). Compared to the
census data in 2018 (Statistics New Zealand 2020), there was a
much higher proportion of participants who were Caucasian and
had received tertiary education. About 60% of participants had an
annual family income above the median income of NZ in 2020
(Statistics New Zealand 2021). Fewer women had a caesarean
delivery than nationally (21% vs 29%) (Ministry of Health 2021b).

3.1 | The Effect on Human Milk Oligosaccharide
Concentration

The change of HMO concentration from baseline to endpoint
was evaluated in 67 participants (Table 3). There were

significantly more secretors in the placebo group (n =26, 72%)
than in the SCYS group (n =19, 53%, p = 0.046). Multivariable
linear regression analysis was used to adjust the potential
influences of secretor status and the other confounders (Azad
et al. 2018; McGuire et al. 2017) (the regression models are in
Appendix 2). The SCYS had no significant influence on the
change in concentration of total HMOs or any individual HMO
during the 4-week intervention (Figure 2). However, exclusive
breastfeeding was significantly associated with the concentra-
tion change of 6'-SL and the concentration change of the total
sialylated HMOs.

3.2 | Other Indicators of Breast Milk Production
3.21 | Participants’ Perceptions

Most of the participants had positive perceptions of their milk
supply (PIM), milk quantity and quality (PMQ) and infant be-
haviour (PIB) at baseline. There was no difference between
mothers’ perceptions in the placebo group and the SCYS group
at baseline, each week, or at the study's endpoint (Table 4);
however, PMQ in the SCYS group significantly changed over
the 4-week study () (4) = 11.88, p = 0.018). Post hoc analysis of
the effect at a 0.05/4 =0.0125 level of significance suggested
that total scores of PMQ in the SCYS group significantly
increased from baseline to endpoint (T =7, r=—0.31). How-
ever, no significant changes for individual items of PMQ in the
SCYS group were found.

There were significantly more participants in the SCYS group
than in the placebo group who perceived that the intervention
effectively increased their milk supply (n =22, 65% and n =12,

Assessed for eligibility

(n=219)
=
g Excluded (n = 146)
° o| Decided not to participate (n = 48)
uE_I | Lost contact (n=142)
Infant over age (n = 40)
Yeast allergy or thrush (n =5)
Diabetes (n = 2)
v Other medication or health
. conditions for the mother (n = 6)
é | Randomised (n = 72) | Infant health conditions (n = 3)
<
— Allocated to placebo Allocated to SCYS
5 (n=36) (n=36)
§ Withdraw Withdraw
2 > (n=1) » (n=2)
= 4 Lost contact v
— Endpoint (n = 34) (n=4) Endpoint (n = 34)
L Not eligible (age
T l—b Not eligible (age l—b > 150 dgays a(t 8
? . N 150.days at . baseline)
% Follow up at six baseline) Follow up at six (n=9)
E months (n = 24) (n=11) months (n = 22) Lost contact
" J (n=4)

FIGURE 1 | Flowchart of participant recruitment.
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TABLE 2 | Demographic and baseline characteristics.

Placebo

Characteristics Total (n=172) (n=36) Yeast (n=36)
Maternal age, years (mean + SD) 32.1+49 319+54 32.4+4.3
Tertiary education (n, %) 56 (78) 28 (78) 28 (78)
Ethnicity - Caucasian (n, %)* 59 (82) 31 (86) 28 (78)
Ethnicity — Maori (n, %) 6 (8) 5(14) 1)
Ethnicity - Asian (n, %) 9 (13) 4 (11) 5(14)
Ethnicity — Other (n, %) 3(4) 1(3) 2 (6)
Annual household income, n = 68 (Above median, n, %)° 43 (63) 23 (64) 20 (56)
Live with partner and child(ren) (n, %) 68 (94) 35(97) 33(92)
Number of children - 1 (n, %) 33 (46) 17 (47) 16 (45)
Number of children - 2 (n, %) 22 (31) 9 (25) 13 (36)
Number of children - >3 (n, %) 17 (23) 10 (28) 7 (19)
Smoking (n, %) 2(3) 1(3) 1(3)
Drinking alcohol (n, %) 43 (60) 20 (56) 23 (64)

Drinking < 1 standard drink each time (n, % in drinking 32 (74) 13 (65) 19 (83)

alcohol)
Caesarean delivery (n, %) 21 (29) 11 (30) 10 (28)
Gestation age, week (median [Q1, Q3]) 40 (39, 40.8) 40 (38.9, 40.9) 39.8 (39.4, 40.7)

Infant age, days (median [Q1, Q3]) at the first visit
Infants birth weight, grams (median [Q1, Q3])

Male infant (n, %)

Breastfeeding status - predominant breastfeeding (n, %)°
Breastfeeding status - exclusive breastfeeding (n, %)
Breastfeeding status - currently formula (n, %)

Breastfeeding status - started solids (n, %)

108 (70, 166)
3678 (3335, 3975)

108 (66, 170)
3740 (3465, 3975)

105 (76, 157)
3575 (3255, 4005)

40 (56) 23 (64) 17 (47)
64 (89) 33(92) 31 (86)
34 (47) 18 (50) 16 (44)
5(7) 2(5) 3(8)
22 (30) 10 (28) 12 (33)

*The frequencies of ethnicity do not add up to 100% as some participants selected more than one ethnicity group.
®Median annual household income based on Statistics New Zealand is 87,607 New Zealand Dollars for the year ended June 2020 (Statistics New Zealand 2021).
“The frequencies of breastfeeding status do not add up to 100% as three infants who were mixed-fed with breast milk and formula had started consuming solids.

35%, respectively, p = 0.043). Participants self-reported the signs
and reasons for reporting the effectiveness of the intervention.
These included, in order of frequency of mention, breast full-
ness and/or leaking, faster and stronger milk ejection, more
settled infant or improved infant sleep, increased amount of
expressed milk, and more efficient or shorter time at each
feeding (the latter reported only in the SCYS group). While
individual participants mentioned more than one sign/reason
for the effectiveness of the intervention, the limited number of
women perceiving the intervention to be effective made it
impossible to conduct further quantitative analyses.

3.2.2 | Postnatal Distress

DASS-21 score significantly decreased from baseline to the study
endpoint, suggesting that postnatal distress improved over time.
However, there was no interaction between time and the inter-
vention. Compared to the placebo, taking the yeast supplement
did not significantly relate to the DASS-21 score or score of
depression, anxiety, or stress (data shown in Appendix 3).

3.23 | Infant Anthropometry Measurements

There was no interaction between time and the intervention.
There were no differences in WAZ, LAZ, HAZ or WLZ between
the SCYS and placebo groups. Taking SCYS was not associated
with infant growth (data shown in Appendix 4).

3.2.4 | Breastfeeding Pattern

After the 4-week intervention, the proportion of predominant
breastfeeding (n = 27, 79% in the placebo group and n = 26, 77%
in the SCYS group) and exclusive breastfeeding (n = 20, 59% in
the placebo group and n=19, 56% in the SCYS group) were
similar in the two groups.

The total breastfeeding time and the number of breastfeeds
over 24h (6 am - 6 am the next day) significantly decreased
from baseline to endpoint in both groups (data shown in
Appendix 5). There were no differences in total breastfeeding
time and number of feeds during the day (6 am - 6 pm), night
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TABLE 3 |

Human milk oligosaccharide concentrations at the baseline and endpoint.

HMO
concentration, mg/L

Baseline

Endpoint

(median [Q1, Q3])

Placebo (n=33)

Yeast (n=34)

Placebo (n=33)

Yeast (n=34)

2'-FL

3-FL

LNFPI
LNFPII
LNFPIII
LNFP-V
LNnFP

Total Fucosylated

3-SL

6'-SL

Total Sialylated
LNT

LNnT

Total Non-fucosylated,

non-sialylated
Total

1639
(1021, 2215)

1747
(1022, 2655)

330 (107, 550)
559 (291, 994)
502 (365, 676)
67 (41, 111)
21 (11, 41)

5286
(4814, 6082)

179 (149, 206)
116 (70, 241)

311 (241, 466)
1088 (714, 1423)
145 (67, 216)
1175 (965, 1552)

6682
(6135, 8156)

1475 (0, 2744)

2034
(1099, 3313)

204 (2, 700)
611 (326, 1175)
523 (411, 639)

74 (45, 139)

16 (10, 28)

5502
(4951, 6444)

171 (145, 209)
181 (75, 257)
365 (237, 419)
984 (689, 1534)
113 (40, 212)

1106
(833, 1707)

7128
(6340, 8266)

1490
(1000, 2163)

1936
(1218, 2491)

269 (140, 482)
511 (304, 942)
527 (408, 643)
58 (35, 111)
17 (11, 34)

5250
(4818, 6141)

181 (163, 236)
98 (66, 160)
288 (241, 466)
917 (672, 1272)
123 (60, 194)
984 (805, 1462)

6870
(5979, 7494)

1461 (0, 2550)

2405
(1094, 3769)

128 (2, 595)
571 (296, 1085)
492 (408, 667)

57 (40, 134)

12 (6, 27)

5524
(4897, 6809)

169 (145, 206)
113 (56, 177)
294 (217, 357)
841 (606, 1159)
101 (29, 189)
980 (714, 1303)

6849
(5947, 8366)

Abbreviations: HMO, human milk oligosaccharides; 2-FL, 2-fucosyllactose; 3-FL, 3-fucosyllactose; LNFP-I; Lacto-N-fucosylpentaose-I; LNFP-II, Lacto-N-fucosylpentaose-1I;
LNFP-III, Lacto-N-fucosylpentaose-III; LNFP-V, Lacto-N-fucosylpentaose-V; LNnFP, Lacto-N-neofucosylpentaose; 3-SL, 3-sialyllactose; 6'-SL, 6-sialyllactose; LNT, Lacto-N-tetraose;
LNnT, Lacto-N-neotetraose.
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Exclusively breastfeeding (No vs. Yes) AN B A EEEEEE
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FIGURE 2 | Summary of multivariable linear regression of the intervention (group) and confounders (secretor status, maternal age, and
breastfeeding status) and HMO concentration change among 67 participants. Beta estimates are from multivariable linear regression models
with the bootstrap method for the concentration of each HMO at the endpoint. Colouring reflects the direction and magnitude of the
coefficient beta. "p <0.01, *p <0.05. The first category of each factor is the reference category. Abbreviations: HMO, human milk
oligosaccharides; 2'-FL, 2-fucosyllactose; 3-FL, 3-fucosyllactose; LNFP-I; Lacto-N-fucosylpentaose-I; LNFP-II, Lacto-N-fucosylpentaose-1I;
LNFP-III, Lacto-N-fucosylpentaose-III; LNFP-V, Lacto-N-fucosylpentaose-V; LNnFP, Lacto-N-neofucosylpentaose; 3'-SL, 3-sialyllactose;
6'-SL, 6-sialyllactose; LNT, Lacto-N-tetraose; LNnT, Lacto-N-neotetraose.

(6 pm - 6 am the next day) or over 24 h between the SCYS The Adverse Effects
group and the placebo group. Taking SCYS had no significant
influence on infant breastfeeding patterns (data shown in

Appendix 5).

33 |

There were no significant differences between the placebo and the
SCYS group in the self-reported frequency of constipation, nausea,
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Other adverse events reported by study participants.

Breastfeeding Status and Participants’

Perceptions at 6 Months Postpartum

Decreased frequency of
Change the smell of urine
Choke/cough during milk
ejection

Change the smell of faeces

bowel movements
Decreased frequency of

Gassiness/bloating and
bowel movements

flatulence
Increased spill after

Increased appetite
feedings

Orange aftertaste
Thirsty

Abdominal pain
Itchy/dry skin

Upper back pain
Thrush

Adverse events
Headache

Dry mouth
Heart burn
Reflux

Nappy rash

four listed in the survey, either for themselves or for their infants,
mother

including eight (24%) in the placebo group and 14 (41%) in the
groups. Four women in the placebo group and seven in the SCYS

group reported adverse effects in only one out of 4 weekly surveys,
postpartum. Two participants in the placebo group had ceased

the capsules and completed the study. These adverse events re-
Forty-six women completed the follow-up survey at 6 months

weekly surveys. However, all these participants continued taking
ported by participants are summarised in Table 5.

SCYS group, with no significant difference between the two
whereas the others reported the same problem in two or more

decreased appetite or skin rash at baseline, each week during the
intervention, or at the endpoint (data shown in Appendix 6)
Twenty-two women (32%) reported adverse events, other than the

Adbverse events from the
Adbverse events from the infant

34
TABLE 5
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breastfeeding, and the other 44 women were breastfeeding their
infants. There was no difference in maternal age, education
level or family income in this subgroup between the placebo
and SCYS groups. There was also no difference in mean infant
age at baseline in this subgroup (88 + 33.3 days in the placebo
group vs. 96 + 30.8 days in the SCYS group).

The proportion of predominant breastfeeding (n =11, 50% in
the placebo group and n =13, 59% in the SCYS group) and the
proportion of exclusive breastfeeding (n =8, 36% in the placebo
group and n =10, 45% in the SCYS group) were similar in the
two groups. No difference was observed in the proportion of
infants who started complementary feeding (n =5, 23% in the
placebo group and n=7, 32% in the SCYS group). However,
the proportion of participants reporting any formula use in the
SCYS group was significantly lower than in the placebo group
(n=1, 4% and n =6, 27% respectively, p = 0.047).

Participants in both groups had positive perceptions of their milk
supply and milk quality at 6 months postpartum, which were
the same as those at the endpoint. There were no significant
differences in PIM or PMQ between the two groups at 6 months
postpartum. However, women in the SCYS group had signifi-
cantly higher PIB scores than women in the placebo group at
the baseline and 6 months (Table 6), Thus although the ran-
domisation process was properly conducted, it did not result in
balanced baseline characteristics within this smaller follow-up
subgroup.

4 | Discussion

This is the first RCT to test the effect of maternal supplemen-
tation of SCYS on the concentration of HMOs, indicators of
PIM, and potential adverse effects on mothers and their infants.
Compared to the placebo, SCYS did not affect the concentration
of individual HMOs or total HMOs. There was no significant
difference in PIM, PMQ, PIB, postnatal distress, infant feeding
pattern, infant anthropometry measurements or adverse effects
between the SCYS and placebo groups at the endpoint. How-
ever, the endpoint PMQ score in the SCYS group was signifi-
cantly increased compared to the baseline. Furthermore,
compared to women who received the placebo, women who
consumed SCYS were significantly more likely to report that the
intervention was effective after the intervention (35% in the
placebo group vs. 65% in the SCYS group, p < 0.05). Compared
to the placebo group, significantly fewer women in the SCYS
group reported using formula at 6 months postpartum.

In this study, SCYS supplementation did not affect the total
HMO concentration or the concentration of any single HMO.
Notably, only 11 HMOs were tested in this study, accounting for
approximately 80% of the concentration of total HMOs (Thurl
et al. 2017). This study did not measure a few neutral HMOs,
reported to be at higher concentrations than 3-FL, such as TF-
LNH, DF-LNH II and LNDFH-I (Thurl et al. 2017). These
HMOs may impact the total HMO concentration of non-
secretor's milk more than that of secretor's milk. Future
research with a larger sample size should include these HMOs
and compare the individual and total HMO concentrations of
secretor's and nonsecretor's milk separately.

=44).

Participants’ perceptions of milk supply at endpoint and follow-up at six months postpartum (n

TABLE 6

Follow up

22)

Endpoint

22)

Baseline

22)

=22)

Yeast (n

Placebo (n

=22)

Yeast (n

Placebo (n

=22)

Yeast (n

Placebo (n

Perceptions

4 (4, 4)
15 (14.75, 15)

14.5 (13, 15)*

4 (3.75, 4)
15 (13.5, 15)
13 (11.5, 15)*

4(4,4)

4 (4, 4)
15 (14, 15)
14 (13, 15)

4 (4, 4)
15 (14, 15)
15 (13.75, 15)*

44,4
14.5 (13, 15)
13 (11.75, 15)*

PIM (Median [Q1, Q3])

15 (15, 15)
15 (13.75, 15)

PMQ (Median [Q1, Q3])
PIB (Median [Q1, Q3])

Friedman's ANOVA for PIM, PMQ and PIB within each group. Mann-Whitney U test for PIM, PMQ, and PIB was conducted between the two groups at each time point.

Abbreviations: PIM, perceived insufficient milk supply; PMQ, perceived milk quantity and quality; PIB, perceived infant behaviour.
*Mann-Whitney U test, p <0.05.
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Further, the significant interindividual variation in HMO concen-
tration suggests a need for a larger sample size. In this study, the
concentration of some HMOs decreased for some women but
increased for others. This has also been observed in previous
research (Sprenger et al. 2017). This interindividual variation may
result from day-to-day variation of HMO concentration, which is
poorly documented in the literature. Furthermore, HMO concen-
tration is affected by not only fixed factors such as genetic secretor
status and maternal age but also modifiable and environmental
factors, including diet, season and geography that were not con-
trolled in this study (Azad et al. 2018; McGuire et al. 2017; Quin
et al. 2020). Future studies need to collect these data to control the
confounders and check for the effectiveness of randomisation.

There was a significant inverse association between the ex-
clusivity of breastfeeding and changes in the concentration of 6'-
SL. This is consistent with previous findings reported by Azad
et al. (2018) that 6'-SL was enriched in the milk of women
feeding formula to their infants. However, our data do not
permit us to explain the biological mechanism underlying this
relationship. Future research should further explore the reasons
behind this observed association, and the implications for infant
growth, development, and maternal breastfeeding practices.

Participants in the SCYS group were more likely to report the
intervention as positively impacting their milk supply than parti-
cipants in the placebo group. However, there was no difference in
PIM between the two groups after the intervention. This may be
because most of the participants in both groups already had strong
beliefs in their breast milk supply at baseline, so most participants
were not likely to experience PIM regardless of intervention. In the
SCYS group, the PMQ scores were significantly higher at the
study's endpoint than at baseline. However, no differences
between the two groups were found. The contradictory results
could be due to an insignificant increase in the placebo group,
leading to nonsignificant differences in PMQ at the endpoint. It is
also possible that the sample size was too small to identify a sig-
nificant difference in PMQ between the two groups. Replication in
a larger sample would show if there were a difference in mothers’
perceptions between the two groups.

At 6 months postpartum, significantly fewer women reported
formula use in the SCYS group than in the placebo group, but
no differences in exclusive breastfeeding or complementary
feeding were observed. Women in the SCYS group also had
significantly higher PIB scores than women in the placebo
group. It is possible that women in the SCYS group perceived
their infants to be more satisfied and settled, and, therefore,
they decided not to feed formula at 6 months. However, in this
subgroup, the baseline PIB score in the SCYS group was sig-
nificantly higher than that in the placebo group, but no differ-
ence was found at the endpoint. All women reported improved
infant behaviour at the endpoint, regardless of group. These
results indicate that the women's perceptions were unrelated
to the intervention, and differences were seen due to the
ineffective randomisation for this small subgroup followed up at
6 months postpartum. The small sample size in this subgroup
provided insufficient power to state if SCYS has any effect.

There were no differences between the two groups for postnatal
distress, infant anthropometry measurements, or breastfeeding

patterns in this study. The sample size was estimated based on
the total HMO concentration changes, however, and, as such,
the sample was too small to identify any differences in these
indicators between the two groups.

This study found no evidence of major adverse effects of SCYS
supplementation at this dose on women and/or their infants.
The frequency of occurrence of four previously reported effects
of SCYS (constipation, decreased appetite, nausea, and skin
rash) was similar between the groups. Both groups reported
several “adverse events,” which were all common health
problems and might be unrelated to supplementation. More-
over, all these adverse effects were rarely reported or reported
similar numbers between groups, and all the participants
completed the study. Thus, SCYS supplementation had limited
adverse effects on mothers and their infants.

This is the first study that aimed to evaluate the effect of
SCYS on breastfeeding. Randomisation with a double-blind
design controlled for selection, performance and detection bias
(Akobeng 2008). The low number of participants that withdrew
from the study and the intention-to-treat analysis controlled for
attrition bias (Akobeng 2008). However, there are a few limitations
to this study. First, the failure of randomisation regarding secretor
status made it impossible to compare individual and total HMO
concentrations between the two groups. Currently, the practical
method for identifying secretor status is based on the presence of
2-FL in breast milk samples (Urashima et al. 2018). This was done
retrospectively after data collection. Future research could include
2-FL concentration tests during recruitment and use the block
randomisation method to ensure that participants are evenly
allocated across intervention and placebo groups. Second, the
limited number of women with PIM was a limitation, as it reduced
the ability to detect changes in the proportion of women reporting
PIM. In this study, the PIM definition covered both actual insuf-
ficient milk supply and misperceptions. Recruiting a large number
of women who are experiencing PIM could address this limitation.
Increasing the sample size beyond the original calculation may be
necessary because including women with actual insufficient milk
introduces additional variability due to diverse underlying causes,
and different intervention mechanisms may only be effective for
certain subgroups of women. Additionally, recruiting women with
PIM might result in higher formula use during the study, which
could subsequently decrease breast milk production (Riordan and
Wambach 2010; Weaver and Hernandez 2016) and result in
introducing formula use as a confounder and potentially increase
participant withdraw rates. Additionally, this study used a small
dose of a SCYS (5 g/day) grown on molasses. It remains unknown
if the high dose (i.e., > 20 g/day) recommended by manufacturers
would impact women's milk production and composition. The
results cannot be generalised to SCYS produced from the brewing
process (Jia et al. 2021). Finally, this study lacked direct measures
of breast milk volume, focusing instead on indicators of percep-
tions of milk supply.

5 | Conclusion
This is the first RCT that examines the effect of a SCYS grown

on molasses (at a dosage of 5 g/day) on HMO concentration and
indicators of milk supply. Participants had good compliance
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and no strong adverse effects. No difference was observed in
changes in the concentration of HMOs measured or in the mea-
sured indicators of milk supply between the two groups. However,
participants who received the SCYS were more likely to perceive the
intervention to be effective than those receiving the placebo. The
low prevalence of PIM in both groups at baseline and endpoint may
have contributed to the lack of difference in PIM between the SCYS
and placebo groups. An RCT with a larger sample size, broader
HMO profiles and milk composition measures, and direct measures
of milk volume are needed to further evaluate the effects of SCYS
on breast milk supply and composition.
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