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Introduction

Abstract
Background and purpose: Global obesity epidemic is still a
major and growing public health concern. Product reformulation
favoring satiety can promote weight control, specifically achievable
through increasing the protein content of food. Until now, main studies
evaluating the impact of proteins on satiety and caloric intake have
focused on animal-based sources such as whey proteins. Moreover, in
the context of searching for sustainable alternatives to animal proteins,
pea proteins offer huge advantages potentially driving to an increase
of its use in food products. In this context, in a four-arm, double-blind,
randomized, cross-over, pilot study, the short-term satiating effects of
two doses of a plant-based protein isolate, NUTRALYS® pea protein
(30g and 15g) in comparison to whey protein (30g) and a no protein
control, were investigated using vegetable soup as a carrier.

Methods: Participants (n=33) consumed the test products
in preload soups, and their impact on post-prandial satiety was
evaluated for three hours by measuring: energy intake at a subsequent
ad libitumlunch, subjective food intake Visual Analogue Scale (VAS)
ratings and, for a subset of participants (n=9), plasma levels of glucose,
insulin, GLP-1, PYY and CCK.

Results: Compared to the control, all other protein-containing
soups resulted in significantly lower energy intake at the ad libitum
meal, with no differences between themselves. Overall, results from
the VAS satiety ratings were not all consistent with intake at this
meal. Yet there was a trend for higher ratings of fullness for the 30g
of pea protein group compared to the control. In addition, the soup
containing 30g of whey protein significantly reduced feelings of
hunger. Area Under the Curve (AUC) values for glucose and insulin
responses following the control soup were significantly greater than
for the other protein soups. AUC values for GLP-1, and PYY responses
did not significantly differ between soupsv. A trend for higher AUC
values for CCK following 30g of pea protein compared to control was
observed.
Conclusions: These results demonstrate that the plant based pea
protein isolate and the whey protein equally reduce energy intake,
making NUTRALYS® pea protein a high quality alternative to animal
protein.
Keywords: Pea Protein; Whey Protein; Energy Intake; Satiety;
Gastrointestinal Peptides
Symbiosis Group

As the global obesity epidemic and its related noncommunicable diseases, continue to be a major public health
issue [1], the food industry is increasingly being encouraged to
contribute to the alleviation of the obesity burden through product
reformulation and the development of the next generation of
foods [2]. One strategy involves increasing the satiating power
of foods and beverages, reducing consumption quantity, and thus
energy intake, promoting weight loss [3, 4]. This can easily be
achieved through increasing the amount of protein consumed,
as gram for gram, protein is the most satiating macronutrient,
in comparison to fat and carbohydrate [5]. However, the variety
of protein types and sources are vast, and as of yet the optimal
source of protein for satiety, be it from either animal or plant,
remains the subject of much debate and study.

For example, in protein source comparison studies [6], it has
been found no difference between soy, whey or gluten protein,
however whey and soy protein have both been shown to reduce
ad libitum energy intake compared to egg albumin in another
study [7]. Yet, in disagreement with these results, Lang et al.
[8] found egg albumin, casein, gelatin, soy protein, pea protein,
and wheat gluten did not differ in their satiating capacity.
Even within protein types, there is debate and data variation.
For example human studies have shown, in animal protein
studies, fish protein was found to be more satiating than beef or
chicken [9], and in dairy proteins studies, that whey protein is
significantly more satiating than casein [10, 11] but conversely
this has not been supported by other studies [6]. As such it is
apparent that research within the area of ‘protein and satiety’
remains in conclusive, highly debated and greater research is
required investigating and comparing protein types and sources
to generate clarity within the research field.
The disparity between the satiety effects of different
protein sources has been concluded to be partly linked to the
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compositional differences in circulating amino acids derived
from protein digestion[12], which in turn, directly and indirectly
affects the degree of appetite related hormone secretion. This
is thought to be attributed to the Branched Chain Amino Acid
(BCAA) content of the specific protein [13, 14]. For example,
leucine is known to contribute to satiety, through stimulating
leptin secretion [15]. Also, the tryptophan content of proteins
may be important for satiety enhancement [9, 16], as tryptophan
has been highlighted to have a role in the synthesis of serotonin,
which can modulate satiety [17]. Histidine content of protein
may also contribute to satiety, as evidenced in animal studies
[18], due to its involvement in the synthesis of the anorexigenic
neurotransmitter, histamine [19].
The difference between protein sources on appetite hormone
response is exemplified in studies of dairy proteins, which produce
a greater insulinaemic response than fish or soya protein, and,
within dairy proteins, whey producing greater insulin levels than
casein [20]. Additionally, whey, soy and gluten proteins have
been shown to result in extended duration and peak secretion
of Glucagon-like peptide-1 (GLP-1) [6], while intact milk protein
elevates Cholecystokinin (CCK) more than whey and pea protein
hydrolysates [21]. Given that animal derived protein sources,
such as dairy proteins, contain the highest levels of BCAA,
tryptophan and histidine, among all other sources of protein [22],
it is not surprising that dairy and other animal derived protein
sources are so satiating.

Pea protein is a high quality alternative to animal derived
proteins, with similar protein digestibility [23]. However pea
protein additionally offers other potential health benefits,
including the prevention of infection in the gastrointestinal
tract [24], reducing circulating levels of lipids [25]and reducing
hypertension [26, 27]. Replacing animal derived proteins with pea
protein also has economic and sustainability advantages, in aiding
the reduction of global warming, eutrophication, acidification
and land use [28]. Due to these various and distinct advantages,
the use pea protein within product formulation is expected
to increase. Its bioavailability of amino acids and digestibility,
similar to those of animal and dairy protein, also highlights its
potential to enhance the satiety effects of food products to the
same or greater intensity as these proteins. However, the satiety
value of pea protein is not well characterized: only one study
examined the impact of an hydrolysate form of pea protein on
satiety [21] and another study compared pea protein with egg
albumin, casein, gelatin, soy protein and wheat gluten, in terms of
satiety, but only by measuring glucose and insulin response, and
not the response of satiety related hormones [8]. As such, there
is insufficient conclusive literature concerning pea proteins effect
on satiety evaluated in humans in comparison to other protein
source types, especially those derived from animal sources.
The present study investigated the satiating effect of vegetable
soups enriched either with pea protein (15g or 30g) or with whey
protein (30g), in a dose dependent manner, or with no added
protein (control soup). Satiety was evaluated quantitatively via
intake measures at an ad libitum test meal, and also, within a
subset of participants, via satiety related hormone concentrations

(Insulin, Glucose, Peptide YY (PYY), Cholecystokinin (CCK) and
Glucagon-like Peptide-1 (GLP-1)), and qualitatively via subjective
food intake Visual Analogue Scale (VAS) satiety ratings.

Methods

Participants
Thirty-six volunteers were recruited from Leatherhead Food
Research’s database and through adverts placed in local papers,
shops and companies in Leatherhead, Surrey, UK. A total of 33
volunteers completed the study,3 withdrawing for personal
reasons, not related to the study. To participate in the study,
participants had to meet the following criteria: age ≥ 18 and
≤ 65 years; BMI ≥ 18.5 and ≤ 25.0 kg/ m2; apparently healthy;
strenuous exercise ≤ 10 hours per week; consumption of ≤ 14
alcohol units a week (women) or ≤ 21 alcohol units a week (men);
non-smoker; not currently pregnant or having been pregnant
in the six months prior to pre-study investigation; no reported
lactation six weeks before pre-study investigation; no reported
participation in night shift work from two weeks prior to prestudy investigation until the end of the study; no reported weight
loss or gain ≥ 10 % of bodyweight during a period of six months;
not participating in or using any medically or self-prescribed diet
or diet products one month prior to the study, or the intention
to use any kind of diet during the study; no eating disorders as
measured by the SCOFF questionnaire with ≥ 2 “yes” responses
[29]; not a highly restrained, emotional or environmental eater as
measured by a score ≥ 3 for Dutch Eating Behavior Questionnaire
[30]. This study was conducted according to the guidelines in
the Declaration of Helsinki and all procedures involving human
subjects were approved by the South East Coast Research Ethics
Committee (REC ref: 11/LO/0642). The test cohort was made up
of 10 male and 23 female participants, with an average age of 42.2
± 15.5 years and a BMI of 22.2 ± 3.8 kg/m2 (Table 1). Of these,
a subset of 9 volunteers (5 men and 4 women) with an average
age of 41.9 ± 13.9 years and a BMI of 22.6 ± 1.1 kg/m2was used
to assess satiety related hormone concentrations through intravenous blood collection. Written informed consent was obtained
from all subjects prior to the commencement of the study.

Study design

A four arm, double blind randomized cross-over design was
used to investigate the satiating effects of four soup preloads (15g
pea protein, 30g pea protein, 30g whey protein and a no protein
added control). Ad libitum test meal intake, glucose, insulin,
gut hormones (GLP-1, PYY and CCK) and subjective food intake
ratings were used to assess satiety. Food intake VAS questions
were recorded via electronic Visual Analogue Scales (VAS) on
hand held computers [31] and included “how full do you feel?”,
“how hungry do you feel?”, “how much do you think you can eat?”
and “how strong is your desire to eat?”, and were end anchored
with “not at all” (scored as 0) and “Extremely” (scored as 100).
Participants attended four separate test days in a randomized
order, with a one week wash-out period between test days. Prior
to each test day, volunteers were asked to maintain their normal
lifestyle, abstain from alcohol and vigorous exercise for 24 hours
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Table 1: Characteristics of participants that completed the satiety study and blood collection.
Satiety

N
Age (years)
BMI(kg/m )
2

SCOFFa

Mean
38

22.2
0.0

Blood collection

Men

Women

Men

Women

10

23

5

4

SD

Mean

1.5

22.2

16

0.0

44

0.1

SD

Mean

1.6

22.6

15

0.2

36

0.0

SD

Mean

2.0

22.7

12

0.0

43

0.0

SD
13

0.8

0.0

DEBQ restrained eating
1.9
0.4
1.8
0.5
2.1
0.4
1.7
0.4
scoreb
DEBQ emotional eating
1.3
0.4
1.8
0.7
1.5
0.6
1.9
0.4
scoreb
DEBQ environmental
2.3
0.5
2.5
0.5
2.4
0.6
2.5
0.5
eating scoreb
a
SCOFF, Sick, Control, One stone, Fat, Food. DEBQ, Dutch Eating Behaviour Questionnaire. Participants with a score greater than two for the SCOFF
questionnaire were excluded. bParticipants with a score greater than three for any component of the DEBQ were excluded from the study.

and consume their evening meal no later than 20.00, and repeat
this before each subsequent test visit. Drinking after 20.00 was
allowed but restricted to only water up until one hour prior to the
start of the study day when no fluids were allowed. On the test
day, participants were instructed to arrive at 07.45, and baseline
ratings of satiety, via VAS, and intra-venous blood samples, for
satiety hormone analysis, were collected prior to consumption of
breakfast at 08.00. On their first visit, participants were asked
to pour their own habitual portion of cereal and milk; this was
measured and then replicated at subsequent visits. Participants
were also provided with 200ml of their habitual morning drink
(black coffee/tea/water) to avoid caffeine withdrawal effects.
They were seated in booths to ensure participant isolation and
given 15 minutes to consume the whole breakfast. Immediately
post consumption, Food intake VAS questions were completed,
after which the volunteers were free to leave the booths and take
a seat in the waiting area where they remained throughout the
test day. Consumption of water was allowed during this time;
however, consumption was restricted to 150ml every hour in
the morning. To ensure similar conditions existed during each
test day, consumption of water during the first test was recorded
and repeated at each subsequent test. Moreover, the mode of
transportation was also recorded and kept constant across
sessions for each volunteer.VAS questions were asked every 30
minutes until immediately prior to the consumption of the soup
test preload. In a subset of participants (n=9), 20 minutes prior
to the consumption of the soup preload (baseline) and then every
20 minutes following consumption of the soup, for the following
3 hours, blood samples were taken for the analysis of glucose,
insulin and GLP-1, PYY and CCK. 3 hours after the breakfast,
participants returned to the booths and were provided with a
portion of the soup preload (see test products section), which
they had to completely consume within 20 minutes, from a bowl
using a spoon. Immediately post consumption, Food intake VAS
were presented, after which the participants were free to leave
the booths and return to the waiting area. Food intake VAS were
then presented at 20 minutes intervals until the consumption of
the ad libitumlunch meal three hours after the consumption of
test product. The ad libitum lunch meal consisted of 2 kilograms

of white penne pasta with cheese and tomato sauce (5.23 kJ/ g or
1.25 kcal/ g), served in 1 portion in a large foil tray. Participants
were given 30 minutes to consume the lunch and were instructed
to eat until they were comfortably full. They were also given water
(150ml) and instructed to consume the full amount. Immediately
post consumption of the lunch, Food intake VAS was presented,
after which the participants were free to return to the waiting
area. Food intakes VAS then were presented 30 minutes after the
lunch, after which the participants were free to leave.

Test products

Powdered vegetable soup (Roquette, France) was used
as a vehicle for all 4soup preloads provided in this study. All
4 preloads had a similar energy content (~200kcal, adjusted
viamaltodextrin addition), of equal volume (300ml/ portion)
and contained either 1)no added protein (control), or 2) 15g
NUTRALYS® pea protein, 3) 30g NUTRALYS® pea protein or 4)
30g whey protein (Table 2).The amino acids composition of the 2
types of proteins are shown in Table 3. The pea protein used was
NUTRALYS® pea protein (Roquette, France), a highly purified
vegetable protein isolate, from the yellow pea (Pisum sativum),
containing 85% protein, 7% fat, 3% carbohydrate, and 5% ash
on a dry matter basis. Each soup portion was prepared by the
manufacturer and delivered to the study centre at Leatherhead
Food Research with a randomly assigned code, in order to blind
the study staff and participants from the identity of the product.
All products were stored at room temperature and prepared on
the study day by mixing 55g of powdered vegetable soup with
300ml water and heating the soup in a microwave for 90 seconds.

Blood collection and analysis

Blood samples were collected via intra-venous cannula into
either heparin tubes for glucose analysis or EDTA tubes for
hormone analysis (Sigma Aldrich, Poole, 500kIU/ml blood) and
centrifuged at 1200 x g for 10 minutes. The resulting plasma
was then stored at -80°C until analysis. Blood glucose was
measured using a glucose analyser (YSI, Ohio) with a sensitivity
of 0-50mmol/L and a margin of error of ±2%. Human insulin,
total PYY, GLP-1 ELISA kits were purchased from Millipore (USA)
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Table 2: Nutritional composition, per 55g portion of the test soup containing either no added protein (control), 30g of whey protein, and 15g or 30g
of pea protein.
Control

Energy (kJ/kcal)

834.0 / 199.3

Total Protein(g)

2.5

Pea protein (g)

Whey protein

822.0 / 196.4

-

Whey protein (g)
Carbohydrates (g)

-

29.6

45.6

with sugars (g)

10

3.9

Lipids (g)

5.3

0.2

saturated (g)

2.1

0.1

Dietary fibres (g)

0.9

0.9

Sodium (mg)
Potassium (mg)
Phosphorus (mg)

Arginine
Aspartic acid
Cystine
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine

2.1

1.9

13.9

1.9

1.5

0.8

4.2

3.4

3.9

2.8

0.7

3.1

4.0

153.0

127.0

13.2

5.7

3.0

1.5

2.8

0.2

1.1

0.4

1.3

37.0

8.7

6.4

3.4

29.0

8.9

3.7

-

12.1

110.0

4.1

3.1

-

28.7

20.0

3.3

0.8

30.0

1107.0

4.0

6.6

32.5

15.0

926.0

Table 3: Amino acids composition (g) for 100g of NUTRALYS® pea
protein or whey protein.
Whey
protein
NUTRALYS® pea protein
concentrate
Alanine

874.0 / 208.9

1064.0

21.0

Magnesium (mg)

3.3

17.5

Whey protein (30g)

744.0
65.0

Calcium (mg)

32.1

Pea protein (15g)

851.0 / 203.4

1.5

4.9

8.6

7.2

1.6

2.6

4.7

4.2

5.7

1.5

2.8

4.6

and CCK ELISA kits, determining the bioactive CCK-8 form, from
Phoenix Pharmaceuticals (USA); all analyses was performed
according to manufacturer’s instructions.

Statistical analysis

This study was powered based on a previous intervention
study carried out at Leatherhead Food Research (unpublished
findings), in which the satiating effects of 48g of pea protein was

19.0

129.0

221.0
19.0

193.0

418.0
34.0

compared with other sources of protein. Based on this, the power
analysis [32] revealed that a study population of 36 individuals
would be needed in order to find a significant (p < 0.05)
difference in VAS score between both proteins with a power of
80% by two-sided testing. Statistical analysis of the outcomes of
this study was performed using STATA, version 10 (StataCorp LP,
College Station, Texas, US) for Windows. Normality of the data
was assessed using Shapiro-Wilk test. The outcome of energy
intake at the ad libitum meal was analysed via paired t-testing.
The results at the various time intervals with respect to the VAS
scores was subtracted (resulting in delta results) from the paired
observation as obtained at the start of the intervention (baseline)
to account for differences at the start and to minimise intervariation. The consumption of the test soup product at 11.00 was
taken as the starting baseline value (t= 0), and the consumption
of the ad libitum meal, 3 hours later, was considered the end
(t= 180). The results were analysed using Analysis Of Variance
(ANOVA), fitting the model by F-test and stepwise dummy
multiple regression. For glucose, insulin, PYY, GLP and CCK, the
outcome per person at the start of the study was subtracted
from the outcome at the various intervals in order to minimize
the inter-variation (high- versus low-responder) between the
participants. Since the starting values were almost similar for all
persons, for glucose and insulin only the absolute outcome were
analysed. The area under the time curve per person per variable
was calculated according to the trapezoid rule. Accordingly, the
outcome of the total area under the time curve was evaluated
(two by two) either via paired t-test or via Wilcoxon matchedpairs signed-rank test dependent on the distribution in outcome.
In some cases, where clear peak values in the area under the time
concentration values were established, the same approach was
followed for peak evaluation.
To evaluate a potential gender effect on the changes in
VAS scores, General Estimating Equations (GEE, Gaussian
distribution) was used with gender as the independent factor,
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applying a repeated design structure, and treatment, time and
interaction as other independent factors. The same methodology
was used to detect any impact by gender on the amount of
food consumed during the ad libitum meal, with gender and
product as independent factors and the total grams of food
eaten as dependent. Throughout the study, a p-value of 0.05 was
considered to identify a significant difference, using two-sided
testing.

Results

Ad libitum energy intake
Energy intake at the ad libitum meal was significantly higher
following consumption of the control soup (no added protein),
than following consumption of the soup with 30g of whey protein
(p < 0.01), the soup with 15g of pea protein (p < 0.05) and the soup
with30g of pea protein (p < 0.001), by 441.4kJ/ 105.5 kcal, 287.9
kJ/68.8 kcal and 409.6kJ/ 97.9 kcal respectively (Table 4). There
were no significant differences in ad libitum meal consumption
between the products containing added protein (all p > 0.05).

Food intake VAS scores

Following consumption of the test products, a significant (p
< 0.001) time-dependent decrease in Food intake VAS questions
were observed for “how full do you feel?”, “how hungry do you
feel?”, “how much do you think you can eat?” and “how strong is
your desire to eat?” (Figure 1).For the question, “how full do you
feel?”, the control preload was reported to be equally as filling as
the soups containing 15g of pea protein and 30g of whey protein
(p > 0.05), with a trend for it being less filling than the soup
containing 30g of pea protein, but this did not reach statistical
significance (p=0.058). The soup containing 30g of pea protein
was perceived to be more filling than soup containing 15g of
pea protein (p < 0.05), and ratings for the other soups did not
significantly differ (p > 0.05).For the question “how hungry do
you feel?”, the soup containing 30g of whey protein, significantly
reduced feelings of hunger compared to the control soup (p <
0.05) and the soup with 30g of pea protein (p < 0.01), but not
compared to the soup with 15g of pea protein (p > 0.05); no other
soups differed from the control or from each other in subjective
feelings of hunger (p > 0.05).Responses to the question “how
much do you think you can eat?” indicated that following the
control soup participants believed they could eat significantly
less than following the soup with 15 g of pea protein (p < 0.05),
with the soups with 30g of added whey or pea protein not
differing from control (both p > 0.05). Furthermore, participants
anticipated that they would eat less following the soup with 30g
of whey protein compared to the soups with 15g (p < 0.001) or
30g of pea protein (p < 0.05). In response to the question “how
strong is your desire to eat?”, participants reported comparable
desire to eat following all test foods (p > 0.05), except from
a lower desire to eat being shown following 30g whey protein
compared to 15g of pea protein.
Both the change in VAS scores and the grams of food intake
were analysed for a potential gender effect. With respect to the
former, a significant effect by gender was observed: women

showing significantly (p < 0.01) higher changes in feelings of
satiety, which resulted in higher changes in the perception of
feeling full and lower in the those of feeling hungry, of how much
one can eat and of desire to eat, compared with men. This was
found in all combinations tested, except for “How hungry do
you feel?”, “How much can you eat?”, and “How strong is your
desire to eat?” when comparing the soup with 15g of pea protein
and the soup with 30g of pea protein. With respect to the grams
consumed during the ad libitum meal, a significant gender effect
was noted too: women showed greater sensitivity to the various
test products, on the amount of food consumed, compared to
men (p < 0.01), resulting in a higher reduction of total amount
consumed. Moreover, the absolute amount of food eaten by men
was significantly (p < 0.005) higher than that by women.

Glucose and insulin response to test products

Consumption of the control soup resulted in the greatest peak
plasma glucose (6.90 ± 1.35 mmol/ L at 40 minutes) while the
soup with 15g of pea protein led to a peak of 5.8 ± 0.84 mmol/L
after 20 minutes and neither the soup with 30g of pea nor whey
protein yielded an apparent plasma glucose peak (Figure 2a). The
Table4: Energy intake of an ad libitum meal 3 hours after the
consumption of test soup containing either no added protein (control),
30g of whey protein, 15g of pea protein or 30g of pea protein.
Control

Mean (kJ/
kcal)

Whey
protein
(30g)

Pea
protein
(15g)

Pea protein
(30g)

3687.8/
3566.0 /
881.4b
852.3c
231.2 /
SEM (kJ/kcal) 234.7 / 56.1 225.1 / 53.8
199.6 / 47.7
55.3
Common superscript letters between 2 groups denote significantly
different values (p<0.05, n=33). SEM: standard error of the mean.
3975.6
/950.2 abc

3534.2/
844.7a

Figure 1: Change from baseline VAS scores for questions;(a) how full
do you feel?, (b) how hungry do you feel?, (c) how much do you think
you can eat?, (d) how strong is your desire to eat?, after the consumption of test product (T=0) containing either no protein (control), 30g
whey protein, 15g pea protein or 30g pea protein. Data is mean ± 1 x
SEM, n=33.
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AUC for the control soup was significantly greater than all other
soups with added protein (p < 0.05) and there were no significant
differences between the plasma glucose AUC between the other
test products (Table 5).

A similar trend was seen for the insulin response, with both
the control and soup with 15g of pea protein resulting in peak
insulin plasma concentrations of 21.48 ± 2.08 µU/ ml at 60
minutes and 18.14 ± 3.18 µU/ ml at 40 minutes, respectively
(Figure 2b). Consumption of the soup containing 30g pea protein
resulted in a comparatively reduced peak insulin concentration
at 40 minutes of 10.42 ± 1.84 µU/ ml, while the soup containing
30g of whey protein did not result in a peak over the time samples
were collected. Statistical comparison of plasma insulin AUC after
consumption of the test products (Table 5) demonstrated that
insulin levels were significantly greater for the control compared

to all other test products (p < 0.05). Additionally, the AUC for
plasma insulin after the consumption of soup containing pea
protein (15g and 30g) was significantly greater than for soup
containing whey protein (both p < 0.05), while consuming 30g of
pea protein resulted in significantly lower insulin AUC compared
to 15g of pea protein (p < 0.05) (Table 5).

GLP-1, CCK-1 and PYY response to test products

Consumption of the test products containing 30g whey
and 30g pea protein resulted in a peak plasma concentration
of GLP-1 of 2.53 ± 0.54 pmol/ L at 80 minutes and 2.30 ± 0.24
pmol/ L at 100 minutes, respectively. Overall consumption of
these test products resulted in sustained and increased levels
of GLP-1 over the whole duration of sample collection (3 hours)
compared with that of the control or 15g pea protein (Figure
2d), which returned to baseline at 120 minutes and 100 minutes,

Figure 2: Plasma levels of (a) glucose, (b) insulin, (c) CCK (d) GLP-1 (e) PYY after the consumption of test product (T=0)containing either no protein
(control), 30g whey protein, 15g pea protein or 30g pea protein. Data is mean ± 1 x SEM, n=9.

Table 5: AUC for plasma glucose, insulin, CCK, GLP-1 and PYY over 180 minutes after the consumption of test product containing either no protein
(control), 30g of whey protein, 15g of pea protein or 30g of pea protein.
Whey protein

Control

Mean
Glucose (mmol/L·180
min)
Insulin (µU/ml·180
min)
CCK (ng/ml180 min)
GLP-1 (pmol/L·180
min)
PYY (pg/ml·180 min)

915.5abc

1836.5abc
122.5

288.6

10635.4

45.0

Pea protein (15g)

Pea protein (30g)

SEM

Mean

SEM

Mean

SEM

Mean

SEM

25.4

827.2a

21.2

842.8b

19.6

830.0c

22.6

132.2

858.2ad

8.8

134.0

1336.1

358.3

11417.8

85.2
10.2

55.6

1263.2

1427.2bd
131.3

284.9

12883.3

Common superscript letters between 2 groups denote significantly different values (p<0.05, n=9).

166.9
8.4

1039.8cd
139.3

34.9

1215.1

361.9

11201.8
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respectively. However, statistical analysis of GLP-1 AUC found no
significant differences between the test products (p > 0.05).

Consumption of the test product containing 30g pea protein
resulted in sustained secretion of CCK reaching a peak of 0.93
± 0.12 ng/ ml at 40 minutes and returned to baseline at 140
minutes whilst, consumption of the control and 15g pea protein
test product resulted in lower peak CCK concentration (Figure
2c) at 40 minutes and subsequent return to baseline shortly after
at 60 minutes. Despite these differences in the CCK secretion
profile between test products, statistical comparisons of AUC did
not reveal significant differences between any of the products (all
p>0.05), though a trend for higher CCK levels following 30g of
pea protein compared to control was observed (p = 0.056).

Analysis of plasma PYY levels revealed that consumption of
30g pea protein appeared to delay the peak (69.37 ± 5.33 pg/
ml) to 100 minutes while plasma concentrations peaked earlier
at 40 minutes for the 30g whey protein (70.80 ± 4.92 pg/ml) and
control (76.68 ± 7.72 pg/ml (Figure 2e) and returned to baseline
by 100 minutes. Differences in AUC values for PYY secretion after
the consumption of the test products were not significant (p >
0.05).

Correlation was analysed between the changes in VAS score
with the concentration of various gut peptides (including insulin)
and glucose per person. This was performed on basis of a General
Estimating Equations Model, applying time-dependent repeated
measurements with BMI and gender as confounding factors. It
was shown that the concentrations of CCK, GLP-1 and PYY, as
well as that of insulin and glucose, were significantly associated
with the various VAS scores, except for PYY and the VAS question
“How full do you feel?” (p > 0.10). Correlations were found to be
positive with the question: “How full do you feel?” and negative
for the questions “How hungry are you?”, “How much do you
think you can eat?”, and “How strong is your desire to eat?”. It
is clear that all peptides associate strongly with feelings of being
satiated. This agrees with findings by Lemmens et al. [33], despite
the differences in VAS questions asked between both studies.
Unfortunately, in the present study ghrelin was not evaluated.

Discussion

This study was designed to assess the satiating effects of
two doses of NUTRALYS® pea protein (30g and 15g) when
consumed in a vegetable soup, compared to a control soup with
no added protein and a soup with 30g of whey protein. Although
consumption of the soups containing protein led to a significantly
lower energy intake at the ad libitum meal compared to the
non-protein control, all protein containing soups were equally
satiating, independently of the protein type and amount. This
indicates that pea protein is as satiating as the more commonly
used, dairy derived whey protein ,However, there are subsequent
benefits to replacing animal derived proteins with vegetable
proteins such as pea, as it has economic and sustainability
advantages, and its production is more beneficial in the reduction
of global warming, eutrophication, acidification and land use
[28]. NUTRALYS® pea protein also has a similar digestibility as
animal and dairy protein [23], as such metabolic responses could
be hypothesized to be similar.

When looking at metabolic responses, the three soups with
added protein resulted in reduced glycaemic and insulinaemic
responses compared to the control soup, which might explain
their effects on energy intake at the ad libitum meal. The control
soup yielded the highest insulin levels throughout the study
period, followed by the soup with 15g of pea protein, which had
the second lowest level of protein and second highest level of
carbohydrate. Insulin levels following the soup with 30g of pea
protein were significantly lower than 15g of pea protein, suggesting
there is potential to replace carbohydrates with proteins in the
control of glycaemia and insulinaemia. However, further studies
are needed to better evaluate the most appropriate dosage of
pea protein to be used for an optimal result, since dose effects
were not seen for energy intake at the test meal in the present
study. The two products containing 30g of protein resulted in the
lowest levels of insulin release, which is consistent with the low
levels of carbohydrate in these products. Previously it has been
reported that protein consumed with carbohydrate can stimulate
postprandial insulin responses and lower blood glucose levels
[34, 35, 36] and that meals yielding low blood glucose values can
reduce satiety and increase subsequent energy intake [37, 38].
These reports do not fit with the findings in the present study
probably because the different levels of carbohydrate in the test
soups, used to adjust and harmonize their respective caloric
value, are likely to have masked any effects of protein on insulin
release. The present results also contrast with that of previous
studies, which report that a difference in protein source does
not result in a significant difference in insulin responses [8] or
that pea protein hydrolysates result in significantly elevated
glucose compared to whey protein [21]. Previous research has
also indicated that pea protein modulates CCK and GLP-1 levels
[39], but in the present study differences in AUC between the test
products, including the control, were not statistically significant
for PYY, GLP-1 or CCK. A trend to significance was observed in
the 30g pea protein group for CCK evaluation. As such, there is
not sufficient evidence to agree with the previous research, that
pea protein modulates CCK and GLP-1 levels. As pea and whey
did not differ in their satiety related endocrine post-prandial
response, the endocrine response agrees with ad libitum meal
intake, however if the control is also considered, an endocrinal
mechanism for the decreased ad libitum energy intake in
protein containing test products, cannot be drawn in this study.
Nevertheless, interpretation of satiety hormone results should
consider these samples were acquired from a small subset of
participants, thus potentially resulting in insufficient statistical
power and high variation between levels of these hormones
across participants.
Endocrinal response is typically mediated by protein
digestion factors, such as amino acid type and rate of uptake.
Despite whey protein being considered a fast protein [11] and
NUTRALYS® pea protein a fast-intermediate protein [40], in
terms of the speed of which dietary amino acids are absorbed by
the gut, ad libitum meal findings indicated that pea protein was
as satiating as whey protein.
Due to the presence of branched chain amino acids in whey
protein [22], quicker release of amino acids, such as leucine with
known satiating capability, can be assumed, in comparison to pea
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protein. However as shown, this did not lead to greater satiety,
despite significantly lower subjective hunger ratings for the soup
containing whey protein. Additionally, the effect of bioactive
peptides that might be present in legumous vegetables, such as
peas [39],or their digestive derivatives, which affect digestion
and satiety by suppressing negative feedback from pancreatic
secretions, for example through increased CCK release [41],
should be considered. Although, interestingly, there was a near
significant trend for higher CCK levels following the soup with
30g pea protein, which might be attributed to such an effect,
it did not affect ad libitum meal intake in comparison to whey.
However, if a link between NUTRALYS® pea protein and ad
libitum meal intake reduction through bioactive peptides could
be established through further research, this mechanism could
be exploited within this protein type and developed for use in
future nutraceutical applications [39].

In regards to subjective measures of food intake, VAS scores
indicated that all four test products affected feelings of food
intake differently, with the differences in subjective responses
not necessarily aligning with behavior at the ad libitum meal. This
highlights the inadequacies of only using subjective measures
in satiety assessment, which was particularly highlighted by
30g pea protein test product being perceived to be significantly
more filling than 15g of pea protein, yet while the intake at
the ad libitum meal did not significantly change. Additionally,
in comparison to the literature, in this study 30g whey
protein significantly increased subjective rates of prospective
consumption and decreased subjective rates of hunger over that
of 30g pea protein, however previous studies have reported
that pea hydrolysate has a greater effect on reducing subjective
ratings of appetite than milk proteins [21]. In the current study
and other work assessing the effect of pea and milk proteins
on satiety, no differences in ad libitum intake have been shown
[21,42]. Although when highlighting supporting literature, the
food model and the context in which it was consumed must be
considered when evaluating subjective measures, it is evident
that in the assessment of a proteins effect on satiety, ad libitum
intake measures must be considered the standard.

To the best of our knowledge, this is the only study to compare
the satiating capability of this type of pea protein with whey, and
although we were able to demonstrate that the consumption
of NUTRALYS® pea protein in either a 30g or 15g portion can
beneficially result in reduced energy intake at next meal, and to
the same degree as whey protein, limitations within the present
study were highlighted. For instance, analysis of the appetite
hormone response in a larger cohort, than in the present study
(n=9), would have produced findings with greater statistical
power. Using a larger cohort for the measurement of endocrine
responses, may have therefore reduced the variability of the data
set and as such provide a clearer understanding of the endocrinal
response to the test products. Furthermore, as pea and whey
protein act as fast-intermediate and fast proteins, respectively,
examining the satiating effects of pea and whey protein over a
longer time duration and determining if reduced energy intake
at the ad libitum meal is compensated for at a later meal, would

be of interest. This would also provide insight into the amino acid
uptake rate in relation to food consumption, for the development
of weight management strategies [43], which require a sustained
reduced food intake beyond that of one meal. In addition, to
promote adoption of pea protein over that of whey for satiety,
understanding effects on food intake in other populations other
than “healthy” such as overweight or obese would be beneficial
to establish.

Conclusion

The present study has shown that pea protein enhances
satiety with positive impact on energy intake to the same extent
as the more commonly used, dairy derived, whey protein. As there
is a real and urgent need to find healthy alternatives to animal
sources of proteins, mainly, but not only, for environmental
reasons, pea proteins bring high advantages in such a context. As
plant-based proteins have been less studied as for their metabolic
and organic becoming, more work is needed to explore further
the mechanisms and effectiveness of pea protein in various
populations and investigate implications of its incorporation into
commercial available products.
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