-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Northumbria Research Link

Northumbria Research Link

Citation: Rumbold, Penny, Shaw, Emily, James, Lewis and Stevenson, Emma (2015) Milk
Consumption Following Exercise Reduces Subsequent Energy Intake in Female
Recreational Exercisers. Nutrients, 7 (1). pp. 293-305. ISSN 2072-6643

Published by: MDPI
URL: http://dx.doi.org/10.3390/nu7010293 <http://dx.doi.org/10.3390/nu7010293>

This version was downloaded from Northumbria Research Link:
http://nrl.northumbria.ac.uk/21170/

Northumbria University has developed Northumbria Research Link (NRL) to enable users to
access the University’s research output. Copyright @ and moral rights for items on NRL are
retained by the individual author(s) and/or other copyright owners. Single copies of full items
can be reproduced, displayed or performed, and given to third parties in any format or
medium for personal research or study, educational, or not-for-profit purposes without prior
permission or charge, provided the authors, title and full bibliographic details are given, as
well as a hyperlink and/or URL to the original metadata page. The content must not be
changed in any way. Full items must not be sold commercially in any format or medium
without formal permission of the copyright holder. The full policy is available online:

http://nrl.northumbria.ac.uk/policies.html

This document may differ from the final, published version of the research and has been
made available online in accordance with publisher policies. To read and/or cite from the
published version of the research, please visit the publisher’s website (a subscription may be
required.)

www.northumbria.ac.uk/nrl /m:ﬁmmhria

UNIVERSITY NEWCASTLE


https://core.ac.uk/display/41071237?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://nrl.northumbria.ac.uk/policies.html

Nutrients 2015, 7, 293-305; d0i:10.3390/nu7010293

OPEN ACCESS

nutrients

| SSN 2072-6643
www.mdpi.com/journal/nutrients

Article

Milk Consumption Following Exercise Reduces Subsequent
Energy Intakein Female Recreational Exercisers

Penny Rumbold **, Emily Shaw %, L ewis James 2 and Emma Stevenson *

1

Department of Sport, Exercise and Rehabilitation, Faculty of Health anddifiecgs,
Northumbria UniversityNewcastle upon Tyne, NE1 83JK;

E-Mails: emily2.shaw@hotmail.co.uk (E.S.); e.stevenson@northumbria.ac.uk (E.S.)
School of Sport, Exercise and Health, Loughboradugtversity, Loughborough, LE11 3TTJK;
E-Mail: L.James@Iboro.ac.uk

Author to whom correspondence shouldabdressed; #ail: penny.rumbold@northumbria.ac.uk;
Tel.: +442437778.

Received: 27 October 2014 / Accepted: 19 December 2014 / Published: 6 January 2015

Abstract: The aim of this study was to evaluate the effects of skimmed milk as a recovery
drink following moderatevigorous cycling exercise on subsequent appetite and energy intake
in healthy, female recreational exercisetilising a randomised crogs/er design, nine female
recreational exercisers (19£71.3 year9 completed a VOzpeaktest followed by two main
exercise trialsThe nain trials were conducted following a standardised breakfast. Following
30 min of moderateigorous exercise (65% VOzpea), €ither 600 mL of skimmed milk or

600 mL oforange drink (475 mL orange juice from concentrate, 125 mL wateigh were
isoenergeti€0.88 MJ),wereingested, followed 60 min later with ad libitum pasta meal.
Absoluteenergy intake was reduced Z&2 16.6% after consuming milk compared to the
orange drink (2.32 0.70vs. 3.20+ 0.84 MJ, respectivelyg =0.001). Relative energy intake

(in relation to the energy content of the recovery drinks and energy expenditure) was
significantly lower after milk consumption compared to the orange drink @32 vs.
2.33+£0.90 MJ, respectively = 0.005).There were no differences in AU& L h) subjective
appetite parameters (hunger, fullness and desire to eat) betweer igatsonsumption of
skimmed milk following 30min of moderatesigorous cycling exercise reduces subsequent
energy intake in femalecreational exercisers.
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1. Introduction

Milk is a nutrientdense food that contains high quality protein (~29,gfarbohydrate (~50 IgJ and
electrolytesMilk contains casin and whey proteins in a ratio of 4wlhich results in slow digesticand
absorption of these proteins aticerefore a sustained elevation of blood amino acid concentrafidns
These characteristics theoretically make milk an excellent recoveny to consume following both
resistance and endurance exerdigdlowing exercise, the carbohydrate milk provideasubstrate for
muscle glycogen [2)whilst the protein stimulates muscle protein synth@$isStudies have reported a
greater rest@tion of exercise capacity following the ingestion of a rbiflsed recovery drink compared
to other commercialhavailable recovery drink§4,5]. Work from our laboratory has shown that
ingestion of milk posexercise can alleviate the negative effecexefciseinduced muscle dama® 7],
and combining milk intake with resistance exercise training has been shown toeeghans in muscle
mass inyoung mer{3,8] and women [9].

Milk has also been shown to be more satiafii@11] compared to carbohydrate drinks, an effect
probably attributable to the protein contained in rfii&,13]. Doveet al. [11] showed that consumption
of milk at breakfast increased perceptions of satiety and attenuated energyainkakeh 4 h later
compaed to an isocaloric fruit drink in overweight men and wonsémilarly, Harpert al. [10] reported
that satiety was increased following ingestion of a chocolate milk drink gechpa an isoenergetic
carbonated drink, but this did not translate into a reduced energy intake at a maal888rm

Previous research has demonstrated differences in appetite regulation betweendiateslas in
response to alterations in energy balajicg. Researcherhave highlighted observed sex differences
pertainingto the effect of exercise aappetiteregulating hormonefL4]. The cited authors identified
that in women, regardless of energy status, exercise stimulated orexigguiating hormonesrhis
suggeds that in women, energy conservation might be promoted during exercise training aisoaker
in appetiteregulating hormones, which might stimulate energy intake in spite of enetgy. Stais
supportsthe notion that compensatory energy intake in feméends to be accentuated and more
powerful than in males following energy deficit [14].

It appears that milk is an excellent pegercise recovery drink, whictlue to its appetitsuppressing
potential,might help enhance recovery from exercise wialst helping tgoromote a negative energy
balance Many individuals, particularly women, exercise on a regular basis for weight lossght we
maintenance purposgkb], and therefore, milk could be an ideal post-exercise drink to consume.

Therefore, the aim of this study was to investigate the effect of consumingasnégkrecovery
drink following moderate intensity exercise on subsequent appetite and energy intake in
recreationallyactive females.

2. Experimental Section
2.1. Design

A within-subjects, randomisedrossover design was used to explore the effects of skimmed milk or
orange drink consumption on subsequent appetite and energy intake, followingd@@yaling exercise
in female recreational exercisers.
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The study was appved by the Faculty of Health and Life Sciences Research Ethics Committee at
the University of Northumbridi/ritten informed consent was obtained from participants prior to data
collection.Participants were notified that the study was to investigateral aspects of diet gridus,
were not informed about the specific nature of the study to ensure no alterationsgdelaéiviour.

2.2. Participants

Nine female recreational exercisers (mean +,3Q#d19.7 £ 1.3 ypars mass 61.7 + 4.4 kgtature
167.0 = 5.3 cmBMI 22.1 + 1.7 kg/m, VOzpeak45.7 + 13.4 rh/kg/min, were recruited to take gdar
in the study.Five participants were oral contraceptive users. Participants were classified @ norm
weight (BMI 19-25 kg/nf) and were nomestrained (<7patersaccording to the Three Factor Eating
Questionnaire [16]lin addition a menstrual cycle question was also completed to ettsatréhemain
trials were conducted in the early follicular phasay®114).

2.3. Preliminary Measures

Participants caied out a discontinuous VOzpeak protocol, on a cycle ergometer (Monark Weight
Ergometer 83%, Varberg, Swedengompleting an initial stage at 70 W, and from thénework load
was increased by 35 WIntil volitional fatigue.The increment of the subsequent stage was determined
fromtheheart rate and &ings ofPerceivedexertion (RPE)alues given in previous stag&sxpired air
was collected using 200 Douglas bags (Plysu Industrial Ltd Milton Keynes) during the final reinut
of each stageand theheart rate (bpm) (Polar Heart Rate Monitor, Polar O.Y. Finland) andwip&
taken in the final 15 s of each stag&pired air wasexamined using calibrated gas analysis equipment
(Servomex combined £and CQ Analyser, Servomektd., Crowborough)From this a work rate of
65% VOzpeakWas established for each individual using a regressiothémear function of oxygen
uptake at each of the work ratdsaximal oxygen uptake was measured against the work rate (W) of
each of thesteadystate work rates and maximal power output to derive a value for the subsequent
exercise protocol testing dajis/].

2.4. Protocol

Participants were asked to attend the laboratory on three separate occasionisdpyaheasures,
followed by two nain trials).All main trials were carried out during the follicular phase of the menstrual
cycle Days1-14 on averaggthere were 1@ 3 days between triglsParticipants were asked to refrain
from caffeine, alcohol and vigorous physical activity 12 h prior to all mairsteatd arrive at the
laboratory following a.0-h overnight fastAs per our previous studi¢t8,19] participants were asked
to replicate heir food and fluid intake and portion sizes for their evening meal prior to eachising
photocopies of the firsteek’s selfreported, weighed food diaries.

The participants were asked to consume gppepared breakfast at 08:00 at home and suksdgu
arrive at the laboratory at 09:4Bhe 30min continuous exercise was conducted on the cycle ergometer
at 6% + 4% of the participants individual VOzpeak Expired air (Lmin™?), heart rate (bpm) and RPE
scores were obtained at the following tipants: 3-10 min, 1920 min and 2930 min.The recovery
drink of either skimmed milk or an orange drink was provided immediately afterissxemmpletion,
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in an opaque bottleand consumed within 5 min. Aad libitum pasta meal was made available to the
participants 60 min after drink ingestion with a maximum feeding time of 30 3uibjective appetite
sensations (hunger, prospective food consumption and fullness) were assessed usiagaly.a
scales (VAS) at the time points identifiedFigure 1.

Breakfast Recovery Drink  Ad Libitum Test Meal
L | g A gl 4 |
| I = | |
]

-
Bam 9am 10am 11am 12pm pm

—_— 15 minute breakfast feeding
30 minute exercise at 65% VO2peak

™ Visual Analogue Scale

- 5 minute drinking time

A Drink questionnaire
_____ 30 minute ad libitum feeding

Figure 1. Protocol outline.

2.5. Fixed Energy Breakfast

The aily energy requirement (DER) was calculated by multiplying basal metabtdi(predicted
using the Schofield equatiphy a physical activity level of 1.7. This enabled the amountefsnapsird
semiskimmed milk (Tesco, UK) to be calculated for each individual deioto meet 10% of their DER.
The standardised fixeghergy breakfast meal consisted of a cereal:milk ratio of 30 g:120 ndebweted
fat, protein and carbohydrate with a macronutrient composition of 14dlA286, respectivelp 2].

2.6. Test Beverages

The two recovery drinks provided to the participants were 600 mL of skimmed mitto(T&s) and
600 mL of an orange drink, consisting of 475 mL orange juice from concentrate (Tesco, UK) and 125
mL water to balance the energy content of the drinks (Table 1). All drinks were kegératéd
(=5 °C) until they were served to the participants.

Table 1. Composition of the recovery drinks.

Skimmed Milk ! Fruit Juice?
(600 mL) (475 mL orange, 125 mL water)
Energy
Per portion (MJ) 0.88 0.88
Protein
Per portion (g) 20.4 2.4
Fat
Per portion (g) 0.6 0
Carbohydrate
Per portion (g) 30.0 49.8
Calcium Per portion (mg) 744 0
Glycaemic index 30 46-53

1 Skimmed milk, Tesco, UK Orange juice smooth from concentrate, Tesco, UK.
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2.7. Ad libitum Test Meal

The ad libitum test meal consisted of fusilli pasta (Tesco, UK), bolognaise sauce (Tesco, UK),
cheddar cheese (British Mature, Tesco, UK) and oliv€'Dilizzle”, Tesco, UK)with preparation and
cooking protocols standardised and repeated across all mainTthalsneal provided fat, protein and
carbohydrate in the following proportiar&1%, 14% and 52%, respectiveBarticipants were provided
with aquiet environment in which to consume #uHibitum pasta meal and were instructed to eat until
they felt comfortably full. Participants were provided with a full bowl of pagtéch was continuously
topped up byheresearch team throughout consumptibims meant that participants could not simply
finish one bowl of pasta, which may have been perceived as a standard gdréamount of food
consumed was calculated and recorded using electronic measuring scal@su§SaE6100, A.G
Germany), bysubtracting waste from the total peating weight administerediVe have successfully
used this meal to assess energy intake in other energy regulation [gt2di80].

2.8. Subjective Sensations

Subjective appetite responses were rated onrmiOhorizontal lines, to each of the following
qguestions: How hungry do you feel now?zanchored by very hungry (100) and not at all hungry (0);
prospective food consumption and “How much would you like to eat now?” anchored by a lot (100) and
nothing at all (0);'How full do you feel now?anchored by very full (100) and not full at all (&l
VAS were measured by hand by one researcher, from the minimum score of 0 mnmxitmeim
score of 100 mm.

2.9. Data Analysis

Excel (Version: 2010) was used for all statistical analyEles.nmears + SD were calculated for all
data with the exception of VAS dataherethe mears + SE were used. VAS ratings for subjective
appetite sensations (hunger, prospective food consumption and fullness) were echl@adat
time-averagedarea under the curve (AUC) for the post drink-meal periods (h). Absolute energy
intake (MJ) was considered as the absolute amount of pasta consumed at the tBstiati®al energy
intake at the pasta test meal (in relation to the energy contehe akecovery drinks and energy
expenditure during the cycling exercise) (MJ) was calculatddthiling absolute energy intake at the
pasta meal with the energy content of the drinks and subtracting the energy expended duringghe cycli
exercise Subsegently, exercisénduced energy expenditure (MJ), absolute and relative energy intake
(MJ), as well asvVAS appetite (hunger, prospective food consumption and fullness:AUR) for the
milk and orange drink trials were analysed using paired sarybésss.Statistical significance was
accepted gb < 0.05 for all analyses.
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3. Results
3.1. Energy Expenditure

As intended, the energy cost of therBth cycling exercise at 65% VOzpeakWas not different between
trials, when the milk or orange was pietl as a recovery drink (1.78 £ 0\821.74 + 0.04 MJ, respectively;
p = 0.382).

3.2. Energy Intake

Absolute energy intake at the pasta test meal was significantly less following caoiesuafpnilk
compared to the orange drink (2.39 £ 0v803.20 + 0.84 MJ, respectivelp;= 0.001) with a mean
reduction of 0.81 + 0.50 MJ (28&+ 14.1%). Relative energy intake at the pasta test meal (in relation
to the energy content of the recovery drinks and energy expenditure during the cyclingegxerc
was also significantly lower after milk consumption compared to the orangek dri
(1.49 £ 0.72vs. 2.33 = 0.90 MJ, respectively; = 0.005) with a mean reduction of 0.83 £ 0.54 MJ
(37.4% + 27.2%)Kigure?2).

4.5 ~
4

3.5 4 *

m Absolute
O Relative

Energy IntakgMJ)
[S.]
A
1

Milk Orange

Figure 2. Mean (= SD) absolute and relative energy intake (Md)lipitum test meal),
following 30 min of moderatevigorous exercise at 65%02peakbetween milk and orange
juice trials 6= 9).* Energy intake significantly lower for absolute and relative conditions
(p=0.001 ang = 0.005 respectively).

3.3. Subjective Appetite Sensations

There were no observed differences in AUCL(h) subjective appetite between trials for hunger
(p=0.%67), prospective food consumptign% 0.063) and fullnesp (= 0.410) Figure3a-<).
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Figure 3. Subjective appetittmean + SE&) hunger (mm);l§) prospective food consumption
(mm); and €) fullness (mm) ratings on the visual analogue scales for the milk (@) and orange
juice (o) trials (N =9).

4. Discussion

Taking a novel approach, the present study was the first to investigate the efffeiiimmed milk
and an orange drink on subsequedtlibitum energy intake following moderate intensity cycling
exercise in recreational femal@dthough other studies using dietary interventions have highlighted the
satiating effect of milk on subsequent energy intake in both males and fdatg®k, none have
investigated this effect succeeding the completion of exertigs.study therefore identified that the
consumption of skimmed milk following 30 min of moderatigorous cycling exercise resulted in a
significant reduction in subsequent energy intakeemdle recreational exercisers (0.81 MJ or ~25%
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lower compared to the orange juice triuchanalteration in eating behaviour was not accompanied

by any fluctuations irsubjective appetite (hunger, prospective food consumption or fyllDespite this

the reduction in energptake of 0.81 MJ can be described as a worthwhile change, given that several
authors have identified energy intake deficits of 170 kcal (712 kJ) and 175 + 45 kcal (733 = 188 kJ) per
day [22,23] to béclinically” meaningful froma weight loss/maintenance perspective.

Indeed, there are several plausible explanations for the positive observationggards to the
reduction in energy intake following the consumption of skimmed milk in the present #sdy
demonstrated ifablel, milk is a significant source of dietary protein, which has been found to exert
greater satiating effectghen paralleleavith carbohydrateich drinks, such as fruit juicevhich do not
contain proteij2,10,11,24]In addition, several studies have reported a significantly lower energy intake
and increased subjective satiety following a kigbtein meal12], with appetite suppression being
superior when compared to isoenergetic faghbohydrate and higlat meals[13]. The mechanism
behind this effect has been suggested to be related to elevated |lesltdeatstokinin CCK) and
glucagonhke peptidel (GLP)-1, accompanied by reductions in circulating concentrations of
ghrelin [25,26].Indeed, recent studies have proposed the satiating effects of bioactivesioduss
milk and dairy productsto be modulated by various anorexic peptides, namely CCK and
PYY336[27,28].In addition to the protein content, the type of protein in dairy products may influence
satiay (see Bendtset al. [29] for a review of the effects of dairy protein on appetite). The composition
of milk protein is ~80% casein and ~20% whey by njdksThe metabolic response to protein differs
by the type consumed, with whey consumption stimulating muscle protein symthasgeater extent
thancasein and sofB0,31] This is likely to be due to differences in the amino acid composition (in
particular the greater leucine content of whey) and the faster rate of intestinal abs[8pig#} These
propertiesof protein sources #t produce differential muscle protein synthesis rates are likely to manifest
in changesin body composition over time, but whether they also affect the appetite response to
consumption is not yet clear.

Furthermoreit has been postulated that the typearbohydrate, lipid composition and the calcium
content of milk may also contribute to the beneficial effects towards appetitelcbhé primary source
of carbohydrate in milk is the disaccharidectose, comprised of glucose and galactodesd by a
glycosidic bond, which is hydrolysed by lactase. Lactose is not as sweet as glucose angchasnécg|
index (Gl) of 43[33], regarded as low GI. Although the impact of the Gl of fouatsse is not clear,
lactose does appear to be a paréidylsatiating sugar. When males were fed 1025 kJ preloads containing
56 g, of either glucose or lactose, energy intake at a subsequent meal (180 pnelpad) was 11%
lower (p < 0.05) with lactoses. glucosq 26]. Appetite sensations were also suppressed, as were circulating
ghrelin concentrations. Compared to glucose, galactose results in lower poatgyigndemig15] and
suppresses hunger sensatif8%. Thus it is plausible that lactose and galactose contribute to satiety
following theingestion of dairy products.

Milk lipids are comprised of ~95% triacylglycerol, ~2% diacylglycerol, ~1%spholipids and
cholesterol and neasterified fatty acids contributing <0.5% e488]. Approximately 64% of the lipid
content of milk is from saturated fatty acids, with a substantial contributi@®%)- from
monounsaturated fatty acids and smaller contributions from polyunsaturated i@dtaraa trandatty
acids (both ~3%). When matched for energy, fat is generally less satiating tleam gindtcarbohydrate.
This is purely an effect of energy density rather thapdase [36]. Fat can also influence food texture,
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which may suppress appetite due to increased viscosity or potentially enhande appeigh an
increase in palatabilitgparticularly when combined with sweet flavo83]). The structure of the fat
globules in milk arevorthy of consideration, influencing metabolism and appetite. Emulsiircafimilk

fat (serving to ncreasethe surface area by 76,000fold) potentiates postprandial circulating
apolipoprotein B48 concentrations and exogenous lipid oxidation. Interestingly, obese participants i
the study by Voret al. [38] reported significantly greater hunger rasrfgllowing consumption of the
emulsified milk fat, compared to nemulsified milk fat. There was no significant difference in appetite
ratings between trials in nesbeseparticipants, although the trend was similar. Accordingly, thetsteic

of dairy fat is likely to influence appetite, at least in certain populatjpstentially through an impact on the
rate of digestion and absorption.

Finally, the calcium content of meals has also been linked to postprandiatougulucosedependent
insulinotrgpic peptide(GIP)142, GLP-1 and insulin concentratiori89], which are known to suppress
appetite [40,41]. Recent evidence has implied that calcium influences appbtth acutely and
chronically. After consumption of a higtalcium and vitamin D meal, subsequent?dnergy intake is
reduced [42]A mechanism to explain this effect couldtbestimulation of the calcium sensing receptor
(CaSR, which is ubiquitouslyexpressed in the human gastrointestinal @} In a model using an
isolated rodent intestine, the presence of calcium potentiates the respirsmdfl-cells toL-amino
acids to secrete GIP, GLPand peptide tyrosine tyrosine (PYY), an effect thabolished with a CaSR
antagonist and potentiated with a CaSR aggait Based onn vitro data, CaSkstimulated peptide
secretion seems to act through both cAMP and intracellular calcium signpdlthgvays[39]. In
humans, calcium etmgestion with a meal enhances the postprandial circulating concentrations of
GIP142and total GLP1 [39]. Given the weHknown role of GIP and GLR in insulin secretion, it is not
surprising that postprandial insulinaemia is ataasiently elevatef89,45] As insulin and GLFL both
suppress appetite upon administrafid®,41] this provides a mechanism by which calcium influences
postprandial satiety.

Given the intention of conducting a laboratory-based study with elements of high edolakility
(the provision of two representative recovery drinks), we believe various aspects atuthe
methodology to have been extremely robust (isoenergetic recovery drinks; rigorous essegsm
subjective appetite and energy intak&)potential limitation of the present study was that we did not
include a water control trighoweverpur intention was to explore the potential satiating effects of drink
products which have been shown to be beneficial for recreational females to consumendte pr
recovery following exercisei.g., carbohydrateand milkbased drinks)9]. Furthermorewe were
unable to blind the drinks from the participars doing so would have modified the characteristics of
the drinks, which was not desired. Finally, no hormonal indicators of appetite were Stheykfore,
there is a requirement for both subjeetappetite and sherérm hormonal regulators of appetite to be
assessed concurrently in fututairy-focused appetite control studiésndings from the present study
provide a strong rationale for this work to be advanced by exploring objective medappstite, such
as GIR42 and active GLFL, to establish the mechanistic link between milk consumption post exercise
and appetite regulation.
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5. Conclusions

In conclusion, the present study demonstrated that the consumption of skimmed milkngpllow
30 min of moderat&igorous cycling exercise resulted in a significant reduction in acute eneagg int
in female recreational exercisers.
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