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High protein high fibre snack bars reduce food intke
and improve short term glucose and insulin profiles
compared with high fat snack bars

Gemma WilliamsvnDp, Manny Noake®hp, Jennifer Keogivsc, Paul Fostephp, and

Peter CliftonPhD

CSIRO Human Nutrition PO Box 10041 BC Adelaide05A0stralia

The replacement in the diet of refined carbohydeatd fat with fibre and protein has been shown rtomote
satiety and improve glucose and insulin profilel. is less clear whether the macronutrient compmsiof
individual foods such as snacks have any meanimgiphct on metabolic parameters and satiety. Véenined if
the consumption of higher protein higher fibre $nlaars would result in reducing outcome measurel as food
intake and glucose and insulin patterns comparead donventional isocaloric high fat high refinedbzhydrate
snack bar. Twenty three women were randomizedsimgle blind cross over study with 2 interventioashigh
fat high sugar snack bar and a comparatively highetein, higher fibre snack bar intervention. Snbars were
eaten at mid morning and mid afternoon, and a sta@hbreakfast and ad libitum buffet lunch. Thecgke and
insulin responses over 9 hours were significardlydr @ = 0.014 and® = 0.012 respectively) during the high
protein snack bar intervention. Peak glucose tewadre also 16% lower after the morning HP ak(.001).
The morning high protein bar reduced the energkimtat the buffet lunch meal by 5% (4657 + 10254901 +
1186KJ,P < 0.05). Altering the macronutrient compositidrasnack bar can assist in reducing the energként
at a subsequent meal and improve short term gluaodénsulin profiles.
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Introduction

Materials and Methods

Previous studies have shown that meals with a hi@ubjects

protein/carbohydrate ratio (ie lower GL) may conitiéto
improved post meal and diurnal glucose profilesubjects
with Type 2 diabetes and insulin resistahte Although
dietary protein is known in controlled experimergaidies
to result in greater satiation than carbohydrat&bduring

Subjects were recruited by public advertisement sed
lected on the basis of the following criteria: oweight to
moderately obese women (BMI 27-34kd)rand aged be-
tween 25 - 45 years. Volunteers were not previodilg-
nosed with type 1 or 2 diabetes, did not have adiixer

mealsy® the effects of protein enriched whole food snacksnd kidney disease, current gastrointestinal déseagpast

on subsequent food intake and metabolic profildess
clear and poorly studied. Whole foods compriseidure
of macronutrients, have varying fibre content amadyvin
physical form and taste, the totality of which meyn-
tribute to their satiating effects. Nine out of AQstralians
regularly consume confectionary including food Bamsd
altering the macronutrient composition of snacksbfmr
health benefits is a priority for food producersd aton-
sumers.

The aim of this study was to compare the irhpHc
higher protein higher fibre (HP) snack bars wittoanmer-
cial high fat high refined carbohydrate (HFC) snaek on
daily glucose and insulin profiles, subjectivelysessed
appetite control over a day, and objectively assbsppe-
tite control as assessed by food consumed at landhat
an evening meal. We hypothesised that the consompt
the HP bars would result in reduced diurnal glucasd
insulin patterns and provide superior appetite brom-
pared to the HFC bars in overweight younger women.

history of gastrointestinal surgery which may haffected
study outcomes. They had no history of hyper-seitgit

to the study foods (casein, whey or wheat) and wete
taking any medications which may have affected @ m
tility or hunger /appetite. All subjects signed iaformed
written consent to participate in the study whiclkasw
approved by the Commonwealth Scientific and Indaistr
Research Organisation (CSIRO), Division of Human
Nutrition Human Ethics Committee. Twenty nine sutgec
were selected to participate in the study. SixXesttb with-
drew before study commencement due to work commit-
ments, unforseen travel or illness. Twentye¢hvomen
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Figure 1. Schematic diagram of study design where T = timepoin

aged 42 + 8y (mean * SD) and BMI 30 + 4kgkom-

pleted the trial. Women only were chosen in ortter
narrow the range of energy intake at the buffettuand

improve the power of the study.

Study design

blood sample and subjects were exposed to thethuffe
til the T6 blood sample. The afternoon snack (PMpsw
consumed after the T7 blood sample. Post-prandlial g
cose and insulin responses to the test bars wesssed
by calculating the change in subsequent time paifies
consumption of bars.

The design was an acute study, spanning one whgle da

performed on 2 occasions with the different snamkdé

Study meals

being assessed on separate days. There was antatay
val between study days. Volunteers were randomized

The HP bars were commercially produced by Aussie
Bodies snack bars (Aussie Bodies 282 Normanby Road
single blind cross over study with 2 treatmentdegsicted  Port Melbourne 3207). The nutrient profile of th@ H
in Figure 1. Blood samples were taken hourly f@@m  bars and commercial HFC bar are outlined in Table 1.
to 5pm and ad libitum food intake was assessechby t The manufacturer of the HP bars designed the aftarno
amount of food consumed at a buffet lunch and wasigh HP bar (HP-PM) to have a greater protein to carbodtg
food records after 5pm. The order of the snack foodatio than the morning HP bar (HP-AM) to promote
interventions was fully randomised to avoid effeofs satiety later in the day. Because of the studygdethe
habituation to the procedure and the snacks wernagded  effect of the morning HP bar dominated the congibll

in unlabelled form. Breakfast was consumed after t part of the experiment. The breakfast was stanskaldin
fasting blood sample was collected (T0). The manin type and quantity and consisted of 2 slices whiead, 1
snack (AM) was consumed just after the T2 bloodteaspoon margarine, 20g jam, 1 cup tea/coffee, 3aml
sample. The buffet lunch was commenced d&iei® reduced milk. Lunch was standardised in type and

Table 1. Nutrient composition of snack bars

HP-AM HP-PM HFC
509 509 409
Energy 750kJ 770kJ 771kJ
(170cCal) (180cCal) (181kCal)
15kJ/g 15.4kJ/g 17.1kJ/g
Protein 10.1g (21.9%) 18.69 (39.7%) 1.5 (<0.1%)
Fat
- Total 3.99 (19.4%) 4.99 (24.1%) 7.29 (35.5%)
- Saturated 2.99 4.69 4.0g
Carbohydrate
- Total 25.69 (58.7%) 16.0g (36.2%) 28.49 (64.4%)
- Sugars 17.0g 9.29 23.19g
Dietary fibre 4.0g 2.69 <1lg

Test bar Ingredients: Protein blend (soy protein isolate, whey proteincamtrate, tapioca starch), fructose, apple pieglespse syrup,
polydextrose, rolled oats, unsalted butter, emelsif472c), water, rice starch, flavours, hydrogedapalm oil, salt, preservative (220),
antioxidant (306).Commercial bar Ingredients: Milk chocolate 40% (sugar, milk solids, cocoa bytt®coa mass, emulsifier (soy lecithin),
flavour), nougat 32% (sugar, wheat glucose syraptiglly hydrogenated vegetable fat, barley mattaet, cocoa powder, milk solids, egg
white, salt), caramel 28% (wheat glucose syrupasumilk solids, partially hydrogenated vegetald¢, Balt, flavour). Milk chocolate
contains a minimum of 22% cocoa solids and 25% sulids



n&8k foods and metabolism 445

mmol/L

0 1 2 3 4 5 6 7 8 9

time (hours)

Figure 2. Plasma glucose levels (mean + SB) 18, completers. Significant differences at T &puint) 3,
P<0.001; T8,,<0.001; and T9, P=0.005.

Table 2. Nutrient intake fobuffetmeal (N=18), completers; paired t tests between groups

Control Test

Mean Std. Dev. Mean Std. Dev.
EnergykJ 4901 1186.3 4656 1024.8
Weightg 789 269.9 705 216.4
Protein%kJ 16.8 17 17.1 1.9
Proteing 48.5 12.0 46.8 10.5
Fat%kJ 35.1 4.4 35.9 4.4
Fatg 46.4 12.2 45.6 12.1
CarbohydratéokJ 44.8 5.1 43.6 5.0
Carbohydratey 137.2 38.0 125.9 29.9
Saturated faokJ 15.9 3.7 16.4 3.5
Saturated fag 21.2 6.7 21.0 6.5
Fibreg 8.2 2.2 7.9 1.6
Sugargy 63.3 25.2 52.9 20.9
Starchg 73.2 16.6 72.2 16.2

= significantly differentP<0.05; = significantly differentP =0.005

consumed ad libitum. Subjects were provided wittag  Satiety measures

of attractive food items, to which they were exgmb$or  Objective satiety was assessed by calculating greng-

1 hour. The buffet lunch was designed to reflesttall  tent of food intake at the buffet and subsequemilyr the
lunch practices. There was variety to optimiseighand day. Subjects were instructed how to keep a fecdrd
foods were available in excess of consumption. t&Jg by a dietitian. The food intake for the remindethaf day
subjects were seated at the same table with teparate was analysed using FoodWorks software package gXyri
trays to attempt to mimic normal social conditiod®od  Software, Highgate Hill, Australia). Subjectivesass-
intake after 5pm was not controlled. These conatio ment of satiety was measured hourly over the dBlyis
remained consistent for both the volunteers’ silalys. was assessed using a visual analogue scale) (V&8
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Table 3. Nutrient intake for the whole daiN€18), completers; paired t tests between groups

Control Test

Mean Std. Dev. Mean Std. Dev.
EnergykJ 10275 1765.0 9970 1982.2
Weightg 1479.0 291.4 1456.0 342.0
Protein%kJ 14.8 2.8 19.5 25
Proteing 89.8 24.3 112.9 20.3
Fat%kJ 36.1 5.2 31.3 4.5
Fatg 101.9 30.7 84.7 231
CarbohydratéokJ 45.3 5.2 44.7 4.1
Carbohydratey 287.2 37.4 279.3 66.1
Saturated fatokJ 15.5 25 14.5 2.8
Saturated fag) 43.6 12.8 39.1 115
Fibreg * 17.9 4.4 24.2 6.3
Sugargy 146.1 23.7 118.3 311
Starchg 140.2 31.0 159.7 45.0

= significantly differentP = 0.000; = significantly differentP = 0.003; = significantly differentP < 0.05
* = significantly different,P = 0.001
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Figure 3. Plasma insulin levels (mean + SD)= 18, completers. Significant difference at P9 0.057.

from 8am to 5pm. The VAS is a validated short goast was consumed where the higher the number the greate
naire with a linear scale of 1200mm for rating hundall- the palatability.

ness, satiety, nausea, desire to eat and the ambfoud

that could be eaten at the next nfealhe changes in Blood analysis

ratings from baseline were quantified following theBlood samples for plasma insulin and glucose were
method described by Porriat al. 1995 and analysis was collected at baseline before breakfast and therrljrou

performed orN=23. over the day until 5pm. Samples were collectedititan
fluoride/EDTA (1g/L) and stored on ice until proses.
Palatability measures The plasma was isolated by centrifuging for 10 nesut

Subjects were provided with a 10 point scale tesss 1500g at 4°C (Beckman GS-6R Centrifuge CA) and
perceived palatability of the snack bars after etk stored at -80°C. All samples for each individuadre
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Figure 4. Visual analogue scale (mean + SD), n=23.

measured in one assay at the end of the studysmBla were consumed. When individual time points between

glucose was measured on a Hitachi 902 Automatic- Anareatments were compared by paired t test, lowsulim
lyzer (Roche) and insulin concentration was meabkurevalues were observed at 8 of the 10 time pointkéntest

using Mercodia Insulin ELISA kit (ALPCO, American
Laboratory Products).

Data analysis
Statistical analysis was completed using SPSS Vfit.5
Windows with significance set 8<0.05. All the data are

intervention, though it was only at T9 that thjgproached
statistical significanceR = 0.057).

The change in glucose response to the HP-AM wa
significantly lower compared to the HFE €0.001). The
changes in glucose response to the HP-PM wereigrot s
nificantly different from the HFC. The change nsilin

presented as means + SD. Comparisons between-macresponse to the HP-AM was significantly lower conepla

nutrients were calculated using paired t-test. VWA&s
analysed by using repeated measures general lnear

del. Glucose and insulin analyses were done ustAg r

to the HFC P <0.037). The changes in insulin response
to the HP-PM were not significantly different taethlFC.

peated measures ANOVA with bar type (2 levels-aintr Nutrient intake

or test) and time (10 levels) as the within subfactors.
Palatability ratings were analysed as means *
comparisons between bars calculated using paitest.t-

Results

Kilojoule intake of individuals for the buffet luhcwas

S arhighly correlated between visits (r=00,<0.01). When

snack type was considered, subjects consumed 5% few
kilojoules at the buffet lunch after eating the AR} at
morning tea (T2) than after the HFE €0.05, Table 2).

Of the twenty three women who completed the stéidy, This was due to a significantly greater intake ofboa
did not consume the entire snack bar on one or bothydrate as sugars after the HFC which on analykis o

occasions on the same or different days. Therefbee,

data was analysed with only those subjects who conmsumption of yoghurt.

pletely consumed both barbl£18). Non completion of
the HFC bars was due to fullness, or feeling unveaid
the HP snack bars due to fullness or a dislike hef t
flavour (choc-orange).

Plasma glucose and insulin responses

There was a significant interaction of bar type wgth-
cose response over 9 hours< 0.014; Fig. 2) which was
lower on the day that the HP bars were consumetenV
individual time points between treatments were careg
by paired t test, significantly lower glucose vaueere
observed after T3 (P<0.001), TB<0.001), and T9R =

amounts of foods consumed was due to a greater con-
Total energy intake over tay,
including consumption of snack bars, was 3% lower o
the HP bar intervention but this did not reachistiagl
significance (Table 3). Protein intake in absoltgens
was 26% greater over the total day on the HP bar
intervention P = 0.000) but was not different at the lunch
buffet. Total carbohydrate intake was 8% lowerthat
buffet lunch after the HP-AMR <0.05) but total carbo-
hydrate intake was not significantly different the day.
Total fat intake as a percent energy was 13% lowrethie
whole day on the HP bar interventioR €0.05) but not
different in terms of foods consumed at the lunaFfet.
Fibre intake was 35% higher over the whole daytmn t

0.005), which corresponded to the blood sample$iP intervention® = 0.001) (Table 3).

following the HP-AM bar (T3) and the HP-PM bar (T8

and T9). Peak glucose levels (T3) were 16% lower aft Subjective appetite rating

the HP-AM than the HFC.
The 9 hour insulin response was also signifiga
lower (P = 0.012, Fig. 3) on the day that the HPsbhar

The appetite ratings for nausea, hunger (Fig. 4hdss,
satiety, desire to eat and amount of food thatddd
eaten at the next meal all tended towards greatetison
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on the HP intervention compared with the HFC barswere less hungry on the HP intervention howevesdhe
However, none of these parameters reached statisticmeasures did not reach significance. This is intrest

significance. with Poppittet al., 1998 and Porriniet al., 1995* both
finding that a protein pre-load resulted in a digant
Palatability ratings reduction in subjective measures of hunger as agle-

Palatability ratings for the control bar versus Hieé bar duced subsequent energy intake. The lack of ttatis
were statistically different for both morning§<0.01) and significance in our results may have been due,am, po
afternoon P<0.01) periods. The average rating for thethere not being adequate time for a differenceemb-
control bar when consumed in the morning was 4g@an served from when the snack bars were consumedein th
1-5) whereas the average rating for the HP-AM was Inorning until lunch time (3 hours later) and in thféer-
(range -5 to +4). The average rating for the coriem ~ noon until the end of recording (2 hours).
when consumed in the afternoon was 4 (range -25)o + The role of snacks in energy intake and weight
whereas the average rating for the HP-PM was #®§fa  duction is much debated. Some studies indicatethiea
5 to +5) which was highly statistically differef<0.01). avoidance of foods consumed as snacks is not assdci
with weight los&>?® and that snacking in some people can

Discussion assist in regulating excessive energy intak&thile other
The main outcome of this study is that differencethe  studies show that the inclusion of any snack whethie
macronutrient composition of a snack bar had aragnhp high in protein, fat or carbohydrate is detrimental
on energy intake three hours after consumption andeight loss as the consumption of energy at sulesgqu
glucose and insulin levels over the whole day. HRe  meals is unchanged compared with no snack con-
AM was associated with a 5% reduction in energgkiat sumption>*® Marmonieret al, 200d showed that a high
at the next meal. This was due to a significagtiyater  protein snack delayed the request for the subs¢aqueal
intake of carbohydrates as sugars after the HFQ@d  longer than the high fat or high carbohydrate snabrk
specifically a greater consumption of yoghurt. & i those individuals who currently consume snacks, the
difficult to determine which attribute caused tleduction  present study lends support to the argument foosihg
in energy intake at the lunch meal given that thetrol  snacks that have a higher protein and higher ftbraent
and intervention snack bars varied in several wailsey  than the conventional high fat high sugar variétgt tare
had a different macronutrient composition, the Hi'sb commonly available. However, we did not includénha
weighed slightly more which may have contributed tosnack” group making it impossible to know if theddithn
gastric distension and consequently satfegnd there of snack bars in general affected total energykita
were markedly superior palatability ratings for tromtrol The present study used protein enriched wiadds
bar. It is therefore possible that there may Hasen a in contrast to the majority of studies in this dfethat
number of reasons for the results we obtained. évew  have used different food components to make a ¥ighl
previous studies have shown that protein exerteeater  controlled macronutrient intake. The snack bargl use
inhibitory effect on appetite than either carbotagdror this study are whole foods with varying taste, tess,
fat®*1®and the protein in the HP bars may have thereenergy densities, weights and appearances. A iberef
fore contributed to this reduction in energy intakéow-  such an approach is that foods in the real woddnat as
ever, the reduction in energy intake over the wiialg in  rigidly controlled as in the controlled experimdrgaudies
our study was not significant at 3%. Similarlyulstset and we are therefore obtaining data using a mare fr
al. 1996 found that while a high protein breakfast led toliving approach. The limitation of such an apptfoas
detectable changes in hunger compared with higharfdt that causal effects are more difficult to determig new
high carbohydrate breakfasts this did not corredpimn food products are developed with higher proteinbeca
energy intake at lunch or over the rest of the dayhydrate ratios and lower GL aimed at the weight con-
Johnstonet al., 2000 also found that snack composition scious consumer, it is important to establish thkdity
did not differentially affect total daily energytake or of such products in offering advantages to metaboli
hunger. The test and control bars in our studyrimried  satiation and satiety profiles. This informationllvin-
15% of total energy intakes. Total energy consumedorm product development of new foods which mayehav
(9970kJ in the HP intervention) would be sufficidat  a meaningful impact on satiety and subsequent weigh
weight maintenance in this group of subjects assgmi control.
light-moderate activity. In conclusion, there is evidence from thisdgtihat

The palatability ratings of the bars in oundst indi-  higher protein higher fibre snack bars have a soper
cated that the HFC bars were more favourably receiv influence on short term metabolic parameters angt ma
There is mixed opinion on whether the palatabilify o assist in appetite control compared with the cotigaal
food affects subsequent food intake. Some sttftfies high fat high refined carbohydrate snack bars. Ttie-
suggest subjects were hungrier after a preferredl mesumption of high fat high sugar snack bars is very
while otheré*#indicate there is no effect on satiety at thecommon and it would appear that by altering theicro-
next meal. It may be that increased palatabilffgots  nutrient composition we may see health benefifseiople
satiation (termination of the current meal) but sab-  who regularly consume these products.
sequent satietsf

Subjective perception of hunger, desire to aad  Acknowledgements
amount of food that could be consumed was measuregdinding for this study was provided by AussiebodS?
using the visual analogue scale indicated thatestsj Normanby Road, Port Melbourne Australia 3207. Wenkha
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