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INTRODUCTION
Sleep is widely recognised as being critical to athlete recovery and 
optimal performance. However, athletes appear to experience more 
sleep disturbances than the general population [1, 2] relating to 
training, travel, and competition commitments [3, 4]. Despite clear 
evidence supporting the importance of restorative sleep [5], the ef-
ficacy of interventions to negate disturbances and improve sleep and 
related recovery outcomes in athletes is somewhat equivocal. While 
research suggests both sleep hygiene education and sleep extension 
interventions are effective short-term, the sustainability of their effects 
is questionable without ongoing follow up and further education 
sessions [6]. Furthermore, a recent survey study by Miles et al. [7] 
indicated female athletes may be resistant or less likely to implement 
sleep hygiene interventions. As such, additional, easily implemented 
techniques to improve sleep in the female athlete population are 
required.

One candidate for an easily implemented intervention is nutrient 
supplementation, with emerging evidence suggesting that nutrition-
al supplements may be able to improve sleep [8–11]. Candidate 
supplements from studies in general population cohorts include tart 
cherry juice and kiwifruit, both of which show modest beneficial ef-
fects on sleep parameters due to their natural level of both 
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melatonin and seratonin [12–14]. Importantly, many athletes may 
already have a supplement regimen with research suggesting 
40–70% of athletes use protein supplements  [15, 16]. As such, 
altering existing protein supplement protocols may offer a more fea-
sible and easily implemented nutritional intervention to improve 
sleep. Recent studies suggest pre-sleep protein ingestion can im-
prove physical recovery processes (e.g. muscle repair and immune 
function) and there is evidence that certain proteins may improve 
sleep outcomes [17, 18].

A protein which has recently been investigated as a nutritional 
pre-sleep intervention is α-lactalbumin, which is the dominant pro-
tein in human milk and constitutes approximately 17% of whey pro-
teins in bovine milk [19, 20]. α-lactalbumin is reported to have the 
highest natural level of tryptophan [20], which is an essential ami-
no acid and serves as a precursor to the synthesis of the sleep pro-
moting hormones of serotonin and melatonin [21]. Ong et al. [22] 
reported improvements in sleep quantity and quality for healthy adult 
participants following 20 g of α-lactalbumin supplementation. Addi-
tionally, findings from Miles et al. [23] indicate acute pre-sleep sup-
plementation of α-lactalbumin in a trained female cohort may im-
prove parameters of sleep following simulated evening competition. 
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supplement (α-LAC) or a placebo supplement (PLA, whey protein 
drink) while their sleep was monitored during a Women’s Super 
Rugby competition season. The data collection period encompassed 
four, seven-day blocks corresponding to the pre-season (week prior 
to competition), a home game (week 1 of competition), a bye week 
(i.e. no competition game scheduled, week 2 of competition) and an 
away game (week 3 of competition (Figure 1). The competition then 
ceased, as did our data collection due to COVID-19.

Measurement of sleep
Participants wore an activity monitor (Actiwatch 2, Philips Res- 
pironics, Pennsylvania, USA) on the wrist of their non-dominant 
hand which was utilised to assess sleep. Data for each separate 
week (pre-season, a home game, a bye week and an away game) 
was collated and averaged for each individual participant for each 
7-day period. Validation studies comparing wrist activity monitors 
with the gold standard polysomnography (PSG) report high cor-
relations for sleep duration (0.84–0.89) and moderate to high 
correlations for wake time (0.65–0.76) [25]. According to previ-
ously described methods from Sargent and colleagues [26], data 
from the sleep diaries (detailed below) and activity monitors were 
used to determine when participants were awake and asleep. Time 
records were scored as awake unless: the sleep diary indicated the 
participant was lying down attempting to sleep; and monitors ac-
tivity counts were sufficiently low to indicate that the participant 
was immobile. Time was scored as sleep when these two conditions 
were satisfied. This scoring process was conducted using Philips 
Respironics’ Actiwatch Algorithm with sensitivity set at ‘medium’ 
to generate measures of total sleep time (TST, sleep duration), sleep 
efficiency (SE, the percentage of time spent in bed actually spent 
asleep), sleep onset latency (SOL, time taken to fall asleep)  

However, while some evidence suggests α-lactalbumin may be a use-
ful intervention to improve sleep, this is yet to be evaluated in free 
living conditions in a competitive athlete population.

Thus, we aimed to investigate the effects of α-lactalbumin con-
sumption on sleep quality and quantity in semi-professional female 
rugby union players during a competition season. We hypothesised 
that the ingestion of the α-lactalbumin supplement would improve 
markers of sleep quality and quantity.

MATERIALS AND METHODS 
Participants
A priori power analysis using female sleep data collected from wrist 
activity monitors and the Harvard sample size calculator determined 
that 14 participants would be sufficient to detect a significant me-
dium to large change of f2 = 0.25 in sleep outcome variable total 
sleep time (TST) at an alpha = 0.05 and power = 0.80 [24]. Twen-
ty semi-professional female rugby union athletes (23.8 ± 5.2 years) 
provided written informed consent to participate in this study. The 
participants were part of a Super Women’s rugby team and were 
well-trained, and free of any injuries, diagnosed sleep conditions, 
illnesses or intolerances (i.e. lactose and gluten) that would exclude 
them from participating. Training structure during the study period 
was the same for all participants and consisted of three field sessions, 
two gym sessions and one recovery session in the pool per week. 
The study was approved by the Human Research Ethics Committee 
of the University of Canberra (HREC 2297).

Experimental overview
We used a double blinded placebo-controlled trial whereby partici-
pants were stratified based on age and playing position (forward or 
back), then randomly allocated to receive either the α-lactalbumin 

FIG. 1. Overview of the study experimental design.
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and wake after sleep onset (WASO, time spent awake after falling 
asleep).

Simultaneously to wearing the activity monitor, participants com-
pleted a sleep diary. This sleep diary included before and after sleep 
sections, where bedtime and wake time are recorded. This data was 
used in conjunction with the actigraphy data to determine sleep and 
wake periods.

Nutritional intervention
The first seven-day block corresponding with the pre-season served 
as a baseline period and was completed a week prior to the first 
competition game to assess habitual sleep without the consumption 
of a protein drink. Following the baseline week (i.e. week of the first 
competition game), each participant was provided with a seven-day 
supply of either the α-LAC or PLA in individual containers, with in-
structions to add 300 mL of water and consume approximately two 
hours prior to going to bed. At seven-day intervals throughout the 
trial, the participants were provided with their next supply of the 

α-LAC or PLA supplement. Any containers not utilised were record-
ed as an assessment of compliance. This protocol continued for five 
consecutive weeks from the commencement of the competition sea-
son up to the premature end of the season ahead of the grand final 
due to COVID-19.

Participants randomly assigned to the α-LAC group consumed an 
α-lactalbumin drink which contained 40 g of α-lactalbumin protein 
powder (4.8 tryptophan/100 g amino acids) (Davisco Foods Inter-
national, Eden Prairie, MN, USA) mixed with 10 g of a sugar free 
drinking chocolate powder (Avalanche, Auckland, New Zealand), 
7 g of stevia and 300 mL of water. Those in the PLA consumed 
a whey protein drink which contained 40 g of chocolate flavoured 
protein powder (1.05 g tryptophan/100 g) (Body Science Whey Ul-
tra, Burleigh, Australia) and 300 mL of water. A 40 g dose of 
α-lactalbumin protein powder was chosen based on the two previ-
ous studies utilising α-LAC in athletic populations [27, 28]. Both 
products were batch tested for banned substances by Human and 
Supplement Testing Australia (HASTA) and were closely matched for 
colour, texture and flavour. A comparative nutritional analysis can be 
seen in Table 1.

Statistical analysis
Sleep data from the activity monitors were included in the data 
analysis if the participant had worn the monitor for a minimum of 
4 days out of the assessable 7 day period, and was scorable using 
the diaries and watches when cross referenced. All statistical analy-
sis was conducted in R Studio statistical software (V 4.0.2, R Studio 
Inc, Boston, USA). Generalised linear mixed models were used to 
determine the effect of the nutritional intervention and period of the 
season on outcome sleep variables. The nutritional intervention (i.e. 
α-LAC or PLA) and period (i.e. baseline, home game, bye week or 
away game), and their interaction, were fitted as fixed effects (with 
some models fitting participant as a random effect with condition 
and period as random slopes) to determine whether there was a dif-
ference in the effect of dietary intervention over period on the depen-
dent sleep variables (e.g. TST, SE, SOL and WASO). All variables are 
reported a mean ± SD and the significance level at p < 0.05.

RESULTS 
Sixteen participants provided adequate sleep data during the baseline 
week (8 in each group), 15 for the week preceding the home game 
(α-LAC = 7, PLA = 8), 12  for the week preceding bye week 
(α-LAC = 5, PLA 7) and 12 for the week ahead of the away game 
(α-LAC = 5, PLA = 7). During the first week of the nutritional inter-
vention, two nights worth of protein (2 individual serves) were returned 
within the individual containers provided to each athlete from par-
ticipants randomised to the α-LAC group. From that point onwards, 
all α-LAC or PLA containers were returned empty, implying compli-
ance with the nutritional intervention. Bed and wake times for each 
condition over the season is shown in Table 2. While bed and wake 
times were similar across the two conditions, participants in the 

TABLE 1. Nutritional analysis comparing interventions: α-LAC and 
PLA.

α-LAC (50 g) PLA (40 g)

Ingredients (g) A-LAC protein (40) Whey protein (40)

Powdered chocolate (6)

Stevia (4)

Energy (kcal) 153 151

Amino acids (g)

Isoleucine 2.4 1.7

Leucine 4.3 3.2

Phenylalanine 1.6 0.9

Tyrosine 1.8 0.9

Valine 1.7 1.7

Tryptophan 1.9 0.4

TABLE 2. Bed and wake times across the season for both conditions 
(mean ± SD).

A-LAC PLACEBO

Baseline
Home game
Bye week
Away game

Bedtime
23:13 ± 01:13
23:17 ± 01:38
23:14 ± 01:14
23:34 ± 01:38

23:29 ± 01:13
24:17 ± 01:46
23:27 ± 01:11
23:35 ± 01:22

Baseline
Home game
Bye week
Away game

Wake time 
06:22 ± 01:07
06:37 ± 01:18
06:51 ± 01:36
06:59 ± 01:42

06:26 ± 01:46
07:04 ± 01:24
06:48 ± 01:40
06:51 ± 01:35
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α-LAC group on average went to bed earlier (23:20) compared to 
PLA (23:52), and woke earlier (α-LAC, 06:42; PLA, 06:57).

There was no effect of nutritional supplement on TST or WASO 
across the intervention period (p > 0.05, Figure 2). However, there 
was a significant condition by period interaction effect on SOL 
(p = 0.01). While similar at baseline and for the home game, SOL 
was significantly shorter in the α-LAC group for the bye week and 
away game (difference bye week, 9 min; difference away game 5 min, 
ES = 0.62 and ES = 0.37, p = 0.045) but remained stable in the 
PLA group. No other significant differences were identified between 
groups for any other parameter.

DISCUSSION 
The primary purpose of this study was to evaluate the efficacy of 
α-lactalbumin supplementation to improve sleep quality and quan-
tity in female rugby union players. While we observed no effect of 
α-lactalbumin supplementation on sleep quantity, in line with our 
hypothesis α-lactalbumin supplementation led to improvements in 
SOL with a trend towards improved SE relative to the placebo supple-
ment.

To our knowledge, we are the first to examine the efficacy of 
α-lactalbumin supplementation as a home-based sleep intervention 
designed to improve sleep quality and quantity for team-sport ath-
letes. The main finding of our study was that α-lactalbumin supple-
mentation significantly improved SOL and showed a trend towards 
a significant increase in SE, consistent with reports on the effects of 
pre-sleep α-lactalbumin ingestion (20 g, an hour prior to bed) in 
healthy males [22]. Results regarding the efficacy of α-lactalbumin 
supplementation, however, vary between studies depending on dos-
age and intervention length. Recently, MacInnis et al. [27] investi-
gated α-lactalbumin supplementation to improve sleep in six elite 
male cyclists, finding no significant differences between their two 
conditions (α-lactalbumin and collagen peptides) for any actigraphy 
recorded sleep variables. However, MacInnis et al. only administered 
the α-lactalbumin supplement for three days, potentially not long 
enough to see an effect on sleep outcomes in free living conditions. 
Indeed, in our study the effects of α-lactalbumin on sleep quality only 
became evident after several weeks of supplementation, which may 
indicate there is a cumulative effect of chronic α-LAC consumption. 
Importantly, given our finding it’s unlikely that α-lactalbumin will neg-
atively affect athlete sleep. Furthermore, given that α-lactalbumin is 
a source of whey protein which supports muscle remodelling and 
immune function [18], it appears that α-lactalbumin offers an inter-
vention that supports athlete sleep, and subsequently wellbeing and 
performance. Future research should investigate the most effective 
dosage and loading protocol that may positively influence sleep.

When compared to the reported impacts of sleep hygiene strate-
gies on sleep in female athletes, our results suggest α-lactalbumin 
may have a greater impact on sleep quality. O’Donnell et al. [29] 
found a sleep hygiene education session resulted in no significant 
improvements in both SOL and SE. While other studies suggest sleep 

FIG. 2. The effects of the nutritional interventions on indices of 
sleep quantity and quality across the competitive season. 
*significantly different compared to baseline and placebo. 
SE = sleep efficiency; TST = total sleep time; SOL = sleep onset 
latency; WASO = wake after sleep onset.
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hygiene may be beneficial in male athlete groups [6, 30], it is yet to 
be proven whether these protocols can be beneficial in female pop-
ulations who appear to be more resistant to these interventions than 
their male counterparts [7]. Thus, α-lactalbumin may be a good ad-
dition to other sleep interventions that may not be beneficial alone. 
α-lactalbumin may also serve as an alternative to pharmaceutical 
aids such as temazepam, melatonin, zaleplon, and zopiclobe [31, 32], 
which are known to improve sleep, but are associated with other 
negative outcomes such as performance decrements, dependency, 
possible increased cancer risk, accidental overdose, and dangerous 
drug interactions [33]. Future research should investigate α-lactalbumin 
supplementation in conjunction with interventions like sleep hygiene/
extension to substantially improve sleep more so than either inter-
vention could alone.

As our study was conducted in free living conditions, there were 
no restrictions placed on participant bedtime habits or daytime naps, 
and as such, TST was limited by the time our participants had avail-
able in bed around late and early training sessions, and did not in-
clude daytime naps. While we saw a significant difference in SOL, 
the limited time in bed perhaps wasn’t enough to see an increase in 
TST. In a population where TST may be limited, the ability of a nu-
tritional intervention to enhance SOL and SE would be valuable, par-
ticularly female athletes who often train around full-time work and 
family commitments. A study investigating the sleep behaviours of 
elite swimmers found TST and SE were substantially poorer on train-
ing days compared to a rest day [34]. Similar findings were reported 
in a mixed cohort of elite and sub-elite Irish athletes, with both elite 
and sub-elite athletes reporting poor sleep quality, which improved 
on rest days [35]. Female team-sport athletes also often face unde-
sirable training schedules (i.e. morning or late evening sessions) which 
can compromise an optimal recovery regime by reducing sleep quan-
tity due to limited time in bed [36]. Thus, the efficacy of α-lactalbumin 
supplementation to improve sleep quality regardless of time available 
in bed could be highly beneficial for team-sport athletes.

Although our study did not investigate the mechanisms by which 
α-lactalbumin supplementation may influence sleep outcomes, ear-
lier work in general populations suggest beneficial effects on sleep 
may be due to the loading of tryptophan, an essential amino acid 
that serves as a precursor to the sleep promoting hormones melato-
nin and serotonin [21]. Tryptophan is reported to have beneficial ef-
fects on sleep indices, increasing the total sleep time and reducing 
waking time encountered by individuals [19]. Pre-sleep administra-
tion of tryptophan increases the plasma tryptophan to large neural 
amino acid ratio (TRP:LNAA) [21, 37, 38], leading to an increase 
in brain tryptophan availability [38]. This is thought to lead to a down-
stream increase in synthesis of melatonin and serotonin, both which 
display sedative effects [39, 40]. Although not directly investigating 
sleep parameters, the research by Markus et al. [37] indicates sleep 

quality may have improved with a significant reduction in sleepiness, 
and improved attention processes the morning following the inter-
vention [37]. Markus et al. [38] also reported decreases in depres-
sive feelings following α-lactalbumin consumption in their partici-
pants. Research suggests there are strong links between poor sleep 
and feelings of anxiety and depression, with women experiencing 
more insomnia complaints than males [41]. As such, an interven-
tion like α-lactalbumin that can increase sleep quality and decrease 
depressive feelings may be beneficial during high-stress team-sport 
seasons, particularly for female athletes.

We acknowledge there were several limitations associated with 
our study, many due to the applied nature of the project that should 
be taken into consideration when assessing the results. These limi-
tations include: inability to accurately capture training loads due to 
non-compliance with recording gym sessions and wearing global po-
sitioning systems, inability to control for hormonal related factors and 
menstrual cycle, inability to control nutritional intake, specifically pri-
or to bed which may influence the quality and quantity of the indi-
viduals sleep [11], external situational factors, and the number of 
athletes who participated for the entire duration of the project. The 
power analysis conducted for this study indicated 14 participants 
were required to determine significant changes in TST. Although this 
number was met, we recognise the small sample size of our study 
may have hindered the statistical power and minimised optimal strat-
ification of participants by playing position. Due to the length of our 
study and the associated uncontrollable external factors associated 
with being a semi-professional female athlete, we recommend future 
studies assessing the efficacy of α-lactalbumin utilise a more inten-
sive or controlled environment like a training camp (whilst acknowl-
edging these settings may see increases in training load and poten-
tial implications associated with changes to sleep environments).

CONCLUSIONS 
In conclusion, this study provides initial field-based evidence on the 
benefits of α-lactalbumin consumption across a competitive season. 
This study highlights the efficacy of pre-sleep α-lactalbumin consump-
tion as a nutritional intervention to improve SOL in a semi-profes-
sional female team-sport cohort. Thus, α-lactalbumin could be utilised 
by athletes to support sleep during a competitive season and be 
taken easily in the home-environment regardless of training or lifestyle 
requirements.
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