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Abstract
Protein quality has an important role in increasing satiety. Evidence suggests that whey protein (WP) provides satiety via gastrointestinal hor-
mone secretion. Hydrolysed collagen supplementation can also stimulate the production of incretins and influence satiety and food intake. Thus,
we sought to compare the effect of acute supplementation ofWP or hydrolysed collagen on post-intervention appetite and energy consumption.
This was a randomised, double-blind, crossover pilot study with ten healthy adult women (22·4 years/old) who were submitted to acute intake
(single dose) of a beverage containing WP (40 g of concentrated WP) or hydrolysed collagen (40 g). Subjective appetite ratings (feelings of
hunger, desire to eat and full stomach) were measured using the Visual Analog Scale (VAS), energy intake was quantified by ad libitum cheese
bread consumption 2 hours after supplementation and blood was collected for leptin and glucose determination. There was no difference
between treatment groups in the perception of hunger (P= 0·983), desire to eat (P= 0·326), full stomach feeling (P= 0·567) or food consump-
tion (P= 0·168). Leptin concentrations at 60 min post supplementation were higher when subjects received hydrolysed collagen (P= 0·006).
Acute supplementation with hydrolysed collagen increased leptin levels in comparison with WP, but had no effect on appetite measured by
feelings of hunger, desire to eat, full stomach feeling (VAS) or energy consumption.
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Protein quality has an important role in increasing satiety com-
pared with carbohydrates and fats(1). Additionally, protein can
decrease the postprandial glycaemic response in healthy(2)

and type 2 diabetic individuals(3). However, not all protein
sources modulate satiety to the same degree. Although data
are still limited, animal proteins appear to be superior to plant
proteins in this regard(4).

Likewise, whey protein (WP) seems to be the most effective
animal protein source for increasing satiety, due to its amino acid
composition, which is high in branched-chain amino acids
(BCAA)(5). BCAA stimulate the secretion of anorexigenic hor-
mones, including insulin, leptin, cholecystokinin, peptide YY
and glucagon-like peptide-1(6,7) and have an insulinotropic
effect, decreasing postprandial glucose levels.

Considering the relevance of amino acids in the production
of anorexic hormones, the influence of proteins with a
low biological value on appetite has been widely
investigated(8–10). Hydrolysed collagen has low amounts of
BCAA, tryptophan and lysine(11) and provides peptides that

are absorbed into the small intestine, considered to be rapidly
digested, similarly to WP(10). In fact, hydrolysed collagen may
have a potent dietary insulinotropic effect through its stimula-
tion of incretins produced in the intestine, such as GLP-1,
which would favour the release of insulin and are important
in appetite control and satiety(9). To date, no studies have
investigated the effects of acute supplementation with hydro-
lysed collagen on appetite or glucose and leptin concentra-
tions in healthy individuals.

Given the potential effects of animal proteins such as WP
and hydrolysed collagen on satiety and the possible influence
of amino acid composition on digestion kinetics and appetite
control, our hypothesis was that WP supplementation would
reduce the appetite more than hydrolysed collagen in healthy
women. Therefore, the primary outcome of this study was to
compare the effect of acute supplementation of WP or hydro-
lysed collagen on feelings of hunger, desire to eat and full stom-
ach feeling, evaluated through the Visual Analog Scale (VAS),
as well as post-intervention energy consumption. The second
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outcome was to determine if WP or hydrolysed collagen con-
sumption influence leptin and glucose concentrations in
healthy women.

Methods

Design and study population

This was a randomised, double-blind and crossover pilot study
which enrolled ten healthy adult women. The research was car-
ried out at Laboratory for Research in Clinical and Sports
Nutrition at the Faculty of Nutrition of the Federal University
of Goiás, where they were evaluated through an anamnesis,
anthropometric measurements and biochemical tests. Blood
samples were collected at the Clinical Research Unit of
Hospital das Clínicas, Federal University of Goiás.

The research was advertised through flyers, social media and
email. Participants were selected according to the inclusion cri-
teria. The inclusion criteria were female gender, BMI between
18·5 and 24·9 kg/m2 and age between 18 and 59 years. The
exclusion criteria were diagnosis of autoimmune diseases or
use of immunosuppressive drugs; clinical diagnosis of diabetes,
thyroid dysfunction, chronic kidney disease or liver disease; bari-
atric surgery prior to the research; alcoholism; use of drugs that
alter appetite or body weight (appetite suppressants) in the last
12 months; attendance at food restriction programmes or use of
nutritional supplements in the last 12 months; manifestation of a
feverish state in the weeks of the research and failure to follow
the protocol stipulated for data collection or refusal to carry out
any of the proposed evaluations. This study was conducted
according to the guidelines laid down in the Declaration of
Helsinki, and all procedures involving human patients were
approved by the Brazilian Registry of Clinical Trials with
Universal Trial under the number U1111–1248–2611 (https://
ensaiosclinicos.gov.br/rg/RBR-6gy3ss). Written informed con-
sent was obtained from all patients before any research
procedures.

Sample size

As this was a pilot study, no sample size was calculated.

Intervention

Participants were allocated to ingest either 40 g of concentrated
WP (containing 160·7 calories, 25 g protein, 10 g carbohydrates
and 2·3 g lipids, Maxtitanium®) or 40 g of hydrolysed collagen
(containing 164·7 calories, 26 g protein, 10 g of natural flavoured
maltodextrin and 2·3 g of refined oil, GELITA Bioactive Collagen
Peptides®, German), with one week of washout between tests.
The nutritional composition of the supplemented drinks was
described in a previous study(8). The order of the interventions
was randomised using the https://www.randomizer.org, remov-
ing the possible biases of equal intake of supplements on the
same day (Fig. 1).

Both supplements were diluted in 200 ml of filtered water
with 50 ml of concentrated passion fruit juice to mask the flavour
of any supplements and were always offered in the morning

(08.00–09.00) after an overnight fast. Cups containing the drink
were blinded by staff researchers who were not involved in the
study with the objective of the participants and researchers not
identifying the solution that was offered.

Participants were instructed to maintain their usual diet the
day before the test and to fast for 8 hours prior to collection.

Participants were instructed to maintain their usual diet the
day before the test and to do 8 hours of fasting until the begin-
ning of the collection.

Appetite assessment

To assess the degree of hunger, satiety and feeling of a full stom-
ach, the VASwas applied at every time point evaluated (0, 30, 60,
90 and 120 min) (Fig. 1). The VAS is an effective tool for the
assessment of appetite and consists of a subjective scale ranging
from zero to 100. A paper was delivered, and the participants
were instructed to mark with pen a vertical line at the point that
best represented their feeling at the time. The point marked by
the participant wasmeasuredwith a ruler, from the left end (min-
imum score 0 mm) to the right (maximum score 100 mm), to
determine the scores(12,13).

After they had consumed one of the two supplements, partic-
ipants were offered five pieces of cheese bread in 130 min
(Fig. 1), and if they wanted more, it was offered ad libitum.
Cheese bread is a typical Brazilian breakfast snack made with
parmesan cheese and powdered sour mix. The offered portions
were all taken from the same batch, standardised in size and
weight. Each participant’s intake was quantified for later calcu-
lation of energies and macronutrients using Dietpro Version 5.0
software, Viçosa, Minas Gerais, Brazil, USDA Database.

Usual dietary intake was assessed by three 24-hours food
records collected before the intervention as a means of evaluat-
ing habitual energy intake before both interventions.

Hormonal markers that regulate appetite (leptin and glucose)
were measured in the plasma blood. All measurements were
made before and after ingestion of WP or hydrolysed collagen
(Fig. 1). Blood samples were collected via arterial puncture in
EDTA tubes by a trained person and stored at −80ºC for sub-
sequent quantification of leptin and glucose concentrations by
the ELISA technique, using the Human Leptin DuoSet ELISA
DY398 kit (R & D Systems) and the Labtest Diagnostica S. A.
(Glucose Liquiform), respectively (online Supplementary
Table 1 and 2).

One hundred twenty minutes after taking the supplement,
participants answered a question asking which supplement they
thought they had taken. This question was intended to assess
whether the participants were able to identify the supplement
they were taking, confirming the blinding of the study.

Anthropometric and body composition evaluation

Anthropometric assessment (weight, height and bioelectrical
impedance analysis) was performed 2 weeks before data collec-
tion. Participants were weighed without shoes and wearing light
clothing. Theywere to stand upright in the centre of the platform,
with their feet parallel, their arms extended along their bodies
and their heads erect, looking straight ahead. For height
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measurement, the same procedure was followed, but with the
heels and buttocks lightly against the wall. A digital anthropo-
metric scale (Filizola®) with a precision of 0·1 kg for weight
and 0·1 cm for height was used.

Bioelectrical impedance analysis was performed with the
SECA® device (model mBCA 525) while individuals were fasting
and lying down. Electrodes were connected to the dorsal surface
of the foot and ankle (between the medial and lateral malleoli),
hand and wrist (between the radius and the ulna), and then the
reading was performed with the equipment, and the data pro-
vided by bioelectrical impedance analysis (fat mass, fat-free
mass, skeletalmusclemass, total bodywater, extrawater and vis-
ceral fat) were recorded.

Statistical analyses

All data were typed using Excel® software, with double entry.
The Shapiro–Wilk test was performed to verify the normality
of the data. The results were expressed as mean and standard
deviation or median and interquartile range.

Two-wayANOVA adjusted for individual variation (crossover
study) was performed. The blinding of the study was assessed
using the χ2 test on the subjects’ hits and errors when asked
which drink they were ingesting.

Statistical analyses were performed using the R Studio® soft-
ware. The level of significance was set at 5 %.

Results

Ten volunteers, with a mean age of 22·4 years, completed the
study (Fig. 2). The anthropometric, body composition and
habitual food intake characteristics are demonstrated in Table 1.

The VAS for appetite sensations did not differ between
groups at baseline (online Supplementary Table 3).

There was no difference between treatment groups
(P= 0·983) regarding hunger sensation (Fig. 3(a)). In addition,
no difference was found between the groups with regard to
desire to eat (P= 0·326) (Fig. 3(b)) and the feeling of a full stom-
ach (P= 0·567) (Fig. 3(c)).

Food consumption of cheese bread 2 hours after consump-
tion of a beverage containing WP or collagen was not different
between treatments (P= 0·168). In addition, there was no differ-
ence (P= 0·167) in energy consumption (WG: 479·16 ± 105·21
kcal v. CG: 457·38 ± 112·47 kcal), total carbohydrate (WG:
45·14 ± 9·91 g v. CG: 43·09 ± 10·60 g), protein (WG: 6·73 ± 1·48
g v. CG: 6·43 ± 1·58 g) and lipid intake (WG: 32·47 ± 7·13 g v.
CG: 30·10 ± 7·62 g).

Leptin concentrations differed between treatments
(P= 0·002). The time × treatment interaction at 60 minutes
showed a higher leptin concentration in CG compared with
WG (15·9 ± 5·19 v. 12·5 ± 3·16 ng/ml; P= 0·006, respectively)
(Fig. 4(a)). There was no difference in blood glucose between
the groups (P= 0·577) (Fig. 4(b)).

Collagen Group Collagen Group
Washout
1 week

Whey Protein Group Whey Protein Group

(a)

(b)

Legend

Fig. 1. Design of study (a) and experimental protocol (b). Cheese bread is a typical Brazilian snack.
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In regard to the blinding of the study, in the WG 70 % (n 7) of
the participants were able to identify the supplementation
ingested. In the CG 50 % (n 5) identified it. There was no differ-
ence between the groups (P= 0·180).

Discussion

Acute supplementation with hydrolysed collagen increased lep-
tin levels in comparison with WP but had no effect on appetite
measured by feelings of hunger, desire to eat, full stomach feel-
ing (VAS) or energy consumption. In addition, this was the first
study to investigate the acute effect of hydrolysed collagen
supplementation compared with WP, using the same amount
of protein, on concentrations of hormones related to appetite.

Evidence suggests that increasing the protein intake in the
diet can decrease serum leptin concentrations(14,15). However,
studies evaluating this effect from the isolated consumption of
certain types of protein, such as collagen and WP, are scarce.
An experimental study showed that the consumption of colla-
gen(15) decreased serum leptin in rodents fed a high-fat diet.
Knowing that leptin secretion is proportional to the amount of
adipose tissue but that its serum increase is accompanied by a
reduction in its sensitivity, it is suggested that the reduction of
leptin release in individualswith excess adipositymay contribute
to the return of its functionality, reflecting a change in the energy
balance by reducing food intake and increasing the energy
expenditure of adipose tissue(16).

Likewise, overweight and obese individuals who received a
high-protein diet associated with energy restriction for 28 days
showed a decrease in leptin concentrations(14). On the other
hand, in an acute crossover study carried out with eutrophic,
overweight and obese men, no difference was found in leptin
concentrations in individuals with excess adiposity, but in eutro-
phic men who consumed a normocaloric and high-protein diet,

Crossover

Inclusion

Analysis

Fig. 2. Flow chart of the study.

Table 1. Anthropometric characteristics, body composition and habitual
food intake of the participants
(Mean values and standard deviations, n 10)

Mean SD

Anthropometry
Body mass (kg) 56·7 4·8
Height (m) 1·6 0·0
BMI (kg/m²) 21·2 1·5
Waist circumference (cm) 67·3 3·7

Body composition
Body mass (kg) 19·9 2·7
Free mass fat (kg) 37·8 3·3
Visceral fat (kg) 1·4 0·3

Usual food intake
Calorie (kcal/dia) 1744·1 589·0
Total carbohydrates (g/dia) 210·4 67·0
Total carbohydrates (%) 49·1 8·4
Total protein (g/dia) 65·5 33·0
Total protein (g/kg/dia) 1·1 0·5
Total protein (%) 14·5 3·2
Total lipids (g/dia) 71·1 27·5
Total lipids (%) 36·3 6·2
Fibre (g/dia) 19·3 5·6
Leucin (g/dia) 2·0 1·7
Isoleucin (g/dia) 1·1 1·0
Valina (g/dia) 1·3 1·1
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there was a smaller leptin/ghrelin ratio(17). This result corrobo-
rates the findings of our study, in which healthy women had a
lower concentration of leptin after acute consumption of WP,
which suggests that, to obtain a leptin reduction in individuals
with excess body fat, it is necessary to consume a high-protein
diet for a longer period. Although we found increased leptin
secretion at 60 minutes, there was no difference in satiety and
appetite. The collagen beverage has a lower leucine content
than WP.

Additionally, it is known that leucine may affect adipocytes,
causing them to secrete more leptin after a meal test. In contrast,
the CG ingested a lower leucine content, since the collagen drink
has a lower leucine content than WP(18), suggesting that blood
levels of BCAA may have changed during the intervention
period(19). However, we are unable to quantify the blood

BCAA concentrations. Thus, further chronic studies are war-
ranted to investigate the relationship between the leucine and
leptin in humans.

Data from our study also point out that the type of protein
consumed may have different effects on the concentration of
leptin in humans, although the difference found in leptin was
not large enough to affect subjective ratings of appetite. In
this sense, we note that women who consumed collagen, a
protein of low biological value, showed increased leptin con-
centrations, in contrast to observations in rodents(15).
However, as in the study conducted in mice, a high-fat diet
was offered. It is not known whether collagen would reduce
the leptin concentrations in overweight and obese women,
and further studies with overweight subjects are needed to
assess this issue.
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Regarding the effects of satiety due to protein intake,
although milk protein has the soluble characteristic of rapid
absorption when compared with other amino acids such as
casein, its ease of digestion can have an influence on hormonal
release and also on the individual’s satiety(10). In our study, in
which the supplement was consumed through a drink (passion
fruit juice), there was a reduction in the sensation of hunger at
different assessment time points according to VAS, with no dif-
ference between the type of protein consumed, whether colla-
gen or WP. This finding suggests that regardless of the type of
protein, if there is high protein consumption, there will be sati-
ety, as observed in the study ofWeigle et al., in which the offer of
a high-protein diet over 12weeks increased the sensitivity of lep-
tin in the central nervous system, increasing the sensation of
satiety(20).

However, considering that only collagen increased the leptin
concentration, the absence of a difference between the types of
proteins consumed (high × low biological value) with respect to
satiety may be due to the low reliability of the instrument used to
assess satiety, the VAS. In this sense, the results of the study of
Flint and collaborators (2000), which evaluated the reproducibil-
ity of VAS to assess satiety, were contradictory, demonstrating
the difficulty in its determination since there is no objective mea-
sure of satiety to compare with the VAS tool(13).

The main limitations of our study included (i) the liquid con-
sistency of the supplementation, which may have influenced the
perception of appetite (VAS); (ii) the limitations of blinding,
despite our attempt to mask the flavour; (iii) the absence of
evaluation of ghrelin and GLP-1 concentrations, both appetite-
related hormones; (iv) evaluation of only healthy women, which
does not allow extrapolation of data for men or overweight indi-
viduals and (v) the absence of a sample size calculation, consid-
ering that this was a pilot study. The major strengths of the
present study included (i) its crossover design; (ii) monitoring
of habitual food intake and (iii) novelty, as it was the first study
to assess the effect of acute consumption of collagen and WP on
blood leptin concentrations.

Conclusion

In healthy women, acute supplementation with hydrolysed col-
lagen increased leptin levels when compared with WP but had
no effect on appetite measured by feelings of hunger, desire to
eat, the feeling of a full stomach (VAS) or energy consumption.
Therefore, the applicability of collagen in the loss of body mass
and the evidence of improvement in leptin sensitivity after col-
lagen consumption reinforce the idea that further studies are
needed to evaluate the effects of collagen in the short- and long
term in overweight women.
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