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Summary

Background: High protein meals produce 3 relevant ef-
fects in weight management: i) higher thermogenic cost,
ii) enhanced fat oxidation, and iii) greater satiation. Pork
has been reported to be more thermogenic than soy,
suggesting meat protein may be superior to plant pro-
tein in a high-protein weight loss diet context. In this
study, we aimed to compare the effects of high-protein
meals using meat, dairy, and soy sources respectively.
Methods: This crossover feeding trial measured energy
expenditure, substrate oxidation, and satiety levels of
12 adults during 8-hour stays in a whole-room calorim-
eter. The 3 isoenergetic high-protein test meals (30%
protein, 40% carbohydrate, 30% fat) contained predomi-
nantly meat, dairy, and soy protein. Results: There was
no significant difference between meals for effects on
energy expenditure (p = 0.987), carbohydrate oxidation
(p = 0.951), and fat oxidation (p = 0.997). Protein oxida-
tion was significantly lower in meals with predominantly
meat compared to soy sources (p = 0.012). There was no
significant difference between meals for reported satiety
levels (p = 0.296). Conclusion: High-protein meals may
be argued as beneficial for weight loss. Animal protein
does not appear to offer superior energy expenditure
effects, but there may be protein-sparing effects with
meat, which may be beneficial in terms of retaining lean
body mass.

Linda Tapsell®

Introduction

Studies of human energy metabolism consistently report
higher energy expenditure following consumption of high-
protein meals [1], an effect attributed to the higher metabolic
cost of amino acid metabolism in the human body [2]. In addi-
tion, a higher protein diet has been shown to increase fat oxi-
dation acutely [3] and to produce higher satiety levels than
standard low protein diets [4, 5]. These effects may be particu-
larly beneficial to obese individuals who have higher body en-
ergy stores and impaired fat oxidation as compared to their
lean counterparts [6]. Higher satiating effects may mean re-
duced energy intake following high protein meals. Although
fat oxidation rates between lean and obese adults appear simi-
lar after adjustment for body composition [3], fat oxidation in
the obese remains important considering the presence of large
amounts of adipose tissue and the need to protect lean body
mass [1]. In this sense, diets with higher proportions of pro-
tein are thought to be particularly efficacious. Our previous
research has revealed that energy- and fat oxidation-enhanc-
ing effects of higher-protein diets become greater as the body
fat mass increases [7]. Not all protein-rich foods exhibit the
same thermic effect in humans. A high-pork protein diet has
been shown to induce energy expenditure 2% higher than a
high-soy protein diet although both diets produced signifi-
cantly higher energy expenditure (3%) than a control low-
protein diet [8]. This was attributed to differences in amino
acid profiles between animal and plant food. While a 2%
higher energy expenditure may not appear to be clinically sig-
nificant, it was believed that cumulatively these effects would
contribute to weight loss over a longer period of time. This
implies that, in order to enhance weight loss, increasing pro-
tein proportions in the diet alone may not be sufficient but
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Table 1. Anthro-

pometry, energy and Meat Dairy S0¥ P
substrate metabolism,  Menu®
and satiety levels of Breakfast toast with ham and toast with margarine toast with butter and
participants measured tomato, fruit juice and jam, chocolate jam, chocolate soy milk
fiuring the 3 test meals milk shake shake, soy powder”
mn th? whole-room Lunch steak with potato and salad with dressing and salad with dressing and
calorimeter vegetable, fruit juice grated cheese, yoghurt,  soy cheese, soy yoghurt,
chocolate milk shake chocolate soy milk
shake, soy powder”
Anthropometry
Weight, kg 711172 71.3 +16.9 70.7 +17.0 0.996
BMI, kg/m? 22.8+3.5 229+34 227+34 0.990
Body fat, % 17.8+5.3 183+ 6.7 17.7+6.2 0.966
Metabolism
Energy, kcal/8 h 826.1 +1354 814.0 + 1524 817.1 £139.0 0.987
Protein, g/8 h 349+11.1 362+12.6 39.5+10.7 0.038°
Carbohydrate, g/8 h 105.9 £ 60.8 99.4 +34.1 97.7 +35.7 0.951
Fat, g/8 h 26.6 +23.0 282 +17.6 283 +16.5 0.997
Satiety levels, AUC
Question 1, inverted 2,613.5 +369.6 2,683.8 + 694.0 2,407.0 +433.5 0.283
Question 2 2,318.8 +421.0 2,392.3 + 636.4 2,196.5 +585.1 0.431
Question 3 2,046.8 + 644.9 2,319.8 +577.0 2,071.5 +700.1 0.288
Question 4, inverted 2,306.3 +484.7 24145 £ 625.5 2,153.5 £515.1 0.122
Combined score 9,285 + 1,737 9,727 +2,236 8,829 +2,053 0.296

“Extra piece of fruit may be provided at each meal depending on the energy requirement.
"Instant Natural Protein Powder (Nature’s Way, Australia).

“Significant difference between diets, p < 0.05.

one must also pay attention to the source of protein. In prac-
tice, however, there are other considerations. Concerns have
been expressed that an increased protein intake from meat
sources may have other negative health impacts (such as type
2 diabetes [9], some cancers [10], coronary heart diseases
[11]). Plant foods also appear to be placed in an inferior posi-
tion in the weight management context, although these foods
are nutrient-dense and good sources of fibre in the diet. In
this study, we compared the thermogenic and fat-oxidising ef-
fects of 3 high-protein diets from predominantly meat, dairy,
and plant sources during an 8-h period in the human whole-
room calorimeter.

Material and Methods

Study Design and Protocol

This was an acute crossover feeding study of 3 high-protein meals con-
sumed in a whole-room calorimeter. The order of diets was randomised,
and the interval between stays was 3 days for males and 1 month for fe-
males to control for effects of menstrual cycle on energy metabolism. Par-
ticipants fasted for 10 h overnight prior to their stays in the whole-room
calorimeter. Participants’ energy requirements were estimated using the
Schofield equation. 65% of the energy expenditure was provided as
breakfast and lunch (at 60 and 300 min) during their 8-hour stays. Test
meals were prepared by a dietician throughout the study to ensure con-
sistency in food preparation. The study protocol was approved by the
Human Research and Ethics Committee of the University of
Wollongong.
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Participants

Participants were recruited from both the University and the local com-
munity. Inclusion criteria were: aged > 18 years, normal or overweight,
non-smoker, not pregnant or lactating, and no food allergies. Volunteers
who had an acute illness or conditions likely to alter metabolic rate such
as thyroid abnormality were excluded from the study.

Diet

The 3 test meals contained protein predominantly from meat, dairy, and
soy sources. The meat was lean beef and ham, the dairy comprised low-fat
milk, cheese, and yoghurt. Soy was chosen as a plant alternative option
because the commercial availability of soy protein powder enabled die-
tary modelling to match for macronutrient properties in the test meals.
The amount of food provided to participants in the breakfast and lunch
meals was based on individual calculated energy requirements [7]. Macro-
and micronutrient breakdowns of the meals were obtained using the
FoodWorks nutrient analysis software (FoodWorks Professional 2007,
Xyris Software, Brisbane, Australia). The carbohydrate, protein, and fat
content in the test meals were kept consistent at 40, 30, and 30% ,respec-
tively, of total energy provided (table 1).

Anthropometry

Height, weight (Tanita TBF622), percentage body fat (Bodystat 1500,
Bodystat Ltd., Douglas, IM, UK), and waist-hip circumference were
measured during a pre-study assessment. Bodystat 1500 is a tetrapolar
bioelectrical impedance device which has been validated against the dual-
energy X-ray absorptiometry method [12]. Weight and body fat measure-
ments were repeated prior to each of the 3 calorimeter stays.

Satiety Level
Satiety levels of participants during calorimeter stays were assessed
hourly through 4 questions in the visual analogue scales (VAS) [13].
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Scores from the first 4 questions, where scores for question 1 and 4 were
inverted, represent satiety levels.

Energy Metabolism

The whole-room calorimeter measures gaseous exchanges (oxygen con-
sumption and carbon dioxide production) through air-tight, ventilated
chambers under standard temperature, pressure, and dry (standard tem-
perature, standard pressure; STPD) condition. Details on the operating
protocol have been previously published [7]. Calculations of gaseous ex-
changes were based on measured in- and out-flow to the chambers ac-
cording to Schoffelen et al. [14].

Data Analysis

Energy expenditure was calculated using the Weir equation [15]. Nitro-
gen excretion, which is used to calculate protein oxidation, was estimated
from measured urinary urea. Carbohydrate and fat oxidation rates were
calculated using the Frayn equation [16]. Hourly VAS scores were trans-
formed into area under the curve (AUC) for all test diets. Differences in
energy expenditure, rates of substrate oxidation, and VAS AUC were
compared using a linear mixed model analysis (SPSS 15.0, SPSS Inc., Chi-
cago, IL USA). Fat mass (kg) and fat-free mass (kg) were used as covari-
ates for energy expenditure and substrate oxidation rates.

Results and Discussion

Twelve healthy participants (9 males, 3 females) were recruited,
and all completed 3 stays in the calorimeter. Based on the
World Health Organisation’s (WHO) [17] classification, 1 male
participant was obese while the others were normal-weight. The
participants were aged 25.4 + 5.2 years, with mean height
=175.3 £ 11.7 cm, waist = 76.5 + 10.9 cm (n = 11), hip = 98.9 +
8.4 cm (n = 11), and waist-hip ratio = 0.77 + 0.05 (n = 11). The
calculated energy requirements were 2,055 + 363 kcal/day (using
Schofield’s equation), and meals provided to participants as
breakfast and lunch (65% of the daily requirements) in the
whole-room calorimeter contained 1,336 + 236 kcal. Mean
habitual intakes of participants as measured by diet history in-
terview were energy = 2,689 + 421 kcal/day, protein = 117.6 =
27.1 g/day (18.2 + 3.4% energy), fat = 94.2 + 19.6 g/day (31.6 =
3.7% energy), carbohydrate = 307.6 + 54.2 g/day (47.3 + 5.7%
energy), and alcohol = 12.0 + 18.8 g/day (3.0 + 4.4% energy).
Anthropometric measurements, dietary intake, and energy
and substrate metabolic rates were measured (table 1). The
energy expenditure, fat and carbohydrate oxidation rates
were not significantly different between the 3 test meals. Pro-
tein oxidation was significantly different, with the difference
found to lie between the meat and soy meals (p = 0.012). The
lower protein oxidation in the meat meal suggested a higher
protein-sparing effect which could be linked to the high bio-
logical value of the meat protein [18]. This effect is important
in weight loss, where there appears to be greater metabolic
benefit in losing fat mass and also in retaining lean mass [1].
The energy expenditure following consumption of high-
protein meals from predominantly meat sources was higher
(not significant) than those from dairy and soy sources. This is
consistent with the observation by Mikkelson et al. [8]. How-
ever, the magnitude of differences was lower than those re-
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ported by the group (meat was 1.5% higher than dairy and
1.1% higher than soy). These differences translate into ap-
proximately 36 and 27 kcal/day higher in energy expenditure,
respectively. Based on an energy density assumption of 7,700
kcal/kg body weight [19], these results could mean an extra
weight loss in the meat meal of 32.7 g compared to the dairy,
and 24.5 g compared to soy. These figures may not be of clini-
cal significance. Moreover, the fat oxidation rate induced by
the meat meal was lower than the other 2 diets although they
were not significant. The magnitude of the difference is also
not clinically significant. Thus, even with a larger sample size
the effect would likely to have little impact on weight loss.

The satiety level measured using the four-question VAS was
not different between the 3 test diets (table 1). All diets showed
equal capability to increase satiety levels which peaked at an
hour post meals (both breakfast and lunch), and lasted for
180 min when the satiety levels dropped to almost similar levels
to the baseline of study (overnight fast). Mean and combined
scores for each question are presented in table 1.

The dairy and soy meals were similar as they contained
similar food types (yoghurt, cheese, milk) but the cuisine var-
ied with the meat meal. Despite the similarity, the foods from
soy sources still had lower protein contents [20] such that ad-
ditional soy protein had to be used to achieve the protein tar-
get of these meals.

Conclusion

In a high-protein diet context, meat protein-rich meals did not
produce greater differences in thermogenic, fat-oxidising, and
satiating effects than meals rich in dairy or soy protein. It is of
note that it was difficult to achieve the same level of protein
without supplementing with soy protein powder in the meals.
This has significant implications for food product and vegetar-
ian cuisine development. On the other hand, meals containing
predominantly meat protein may produce protein-sparing ef-
fects which may be beneficial in terms of retaining lean body
mass. This suggests that including a range of protein sources
in a weight management diet is likely to be beneficial, and
provides an argument for retaining some meat protein in the
diet to support health body composition.
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