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Chia seed (Salvia Hispanica L.) added yogurt reduces shortterm
food intake and increases satiety: randomised controlled trial
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BACKGROUND/OBJECTIVE: Several studies have reported that consumption of Salvia Hispanica L.,commonly known as chia seed,
may exert beneficial effects on health outcomes. The main purpose of this study was to examine the influence of chia seed
consumption as a mid-morning snack on short-term satiety.

SUBJECTS/METHODS: Subjects (n =24) were tested using a randomized, cross-over design consisting of three mid-morning
snacks. Yogurt with no chia seed, yogurt with 7 g chia seed, and yogurt with 14 g chia seed were given to subjects on
different test days. After subjects were asked to report visual analog scale (VAS) scores on sensory outcomes, ad libitum lunch
was served, and energy intake of individuals was measured.

RESULTS: VAS scores indicated that participants reported significantly lower scores for hunger (P =0.033), prospective food
consumption (P=0.031), amounts of food that could be consumed (P = 0.017), desire for sugary foods (P =0.015), and higher
scores for satiety (P=0.031) on the test days with 7 g and 14 g chia seed. Energy intake of individuals during ad libitum
lunch was significantly lower when they consumed yogurt with 7 g or 14 g chia seed (P =0.037).

CONCLUSIONS: The study demonstrated that chia seed consumption as a mid-morning snack may induce short-term satiety

in healthy individuals.
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INTRODUCTION

In recent years, research into nutritional strategies aiming to
prevent excess energy intake has increased in response to rising
levels of obesity and obesity-related diseases [1]. Since drug
treatments or supplements of bioactive molecules are ineffective
or exhibit adverse side effects, focus has shifted towards natural
dietary components with potential impact upon appetite and
satiety [2]. In this context, several studies have reported that
specific foods with higher contents of fibre can increase satiety
and reduce hunger between meals [3,4]. These efficient strategies,
which help to reduce total caloric intake, are required to
improve and regulate healthy eating habits [5].

Salvia hispanica L., commonly known as chia seed, was used
in central America and Mexico during pre-Columbian times as
an important dietary component [6,7]. This seed is a natural
source of omega-3 fatty acids, fibre, and protein [8]. Recently,
chia seed has become a popular functional food due to its a
-linolenic acid, vitamin, mineral, and phytochemical contents [9].
Chia oil consists of 60% a-linolenic acid, which makes it the
most abundant plant source of omega-3 fatty acids [10].
Additionally, a protein content of 19-23% with a non-limiting

amino acid profile and fibre content above 30% of total weight
has increased the usability of chia seed for treating numerous
health-related conditions [11]. Chia extract contains 8.8% total
phenolic content in dry matter, which suggests strong antioxidant
activity [12]. Considering its healthy nutritional composition,
chia seed can be incorporated as a functional component in
several food products. Indeed, studies that have assessed the
effects of consumption of chia seed on nuitritional profile, bioactive
compound contents, and texture-related properties reported
improved outcomes related to better formulations [10,13].
To date, several studies have reported the beneficial and
protective effects of chia seed consumption on cardiovascular
diseases and diabetes [14], hypertension [15], and other disorders
[16]. The omega-3 fatty acids content of chia seed appears to
have a positive impact upon the mechanisms of these chronic
diseases [17]. However, evidence has shown that these outcomes
are linked to reductions in post-prandial glycaemia, which can
be attributed to the high fibre content of chia seed [18,19].
In addition to reductions in post-prandial glycaemia, appetite
ratings were shown to be reduced in one study [19]. The
existence of higher amounts of fibre in the diet may help to
slow down digestion and thus release of glucose [20]. Given
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the importance of consuming whole grain foods such as chia
seed, there is increasing interest in their effects on appetite
and satiety measures.

Several studies have demonstrated that supplementation of
common dietary products with high fibre foods or foods with
beneficial compounds exerts positive effects on short-term
appetite regulation and satiety [21,22]. The effects of chia seed
supplementation to regular diet on short-term satiety and
energy intake are largely unknown. In addition, one study
reported that chia seed consumption may not affect overweight
or obesity parameters in the long term [23]. Therefore, the main
objective of the present study was to compare three different
amounts of chia seed added to yogurt as a mid-morning snack
on satiety and energy intake during subsequent meals.

Foods can induce an emotional response when eaten [24,25],
but the effects of specific foods such as chia seed on this
response are unclear. Recently, examination of emotions in
response to food consumption was carried out using several
methods [26,27]. One of these methods is the profile of mood
states (POMS), which has been used to measure the effects of
experimental manipulations on various emotional responses
[28]. Meal intake using different compositions was shown to
affect the POMS [29]. Hence, the second aim of this study was
to determine whether or not different amounts of chia seed
consumption influence mood states in participants.

SUBJECTS AND METHODS

Subjects

Twenty-four female subjects were recruited from Hacettepe
University and the surrounding community through an
announcement and advertisement. A questionnaire examining
general health and nutritional habits applied to all volunteers.
Inclusion criteria of the study were as follows: women in good
health between the ages of 19-25 years who were non-smokers,
not dieting, not diagnosed with any metabolic disease, not
professional athletes, not pregnant or lactating, not using drugs,
and possessing no food allergies or extreme dislikes for specific
foods. None of the participants were taking medications known
to affect appetite or weight regulation. Regular breakfast, snack,
and lunch consumption was an additional inclusion criterion
for participants. Subjects with extreme dislikes for specific foods
were also excluded. Subjects were excluded if they scored >
9 on the Beck depression scale and had a measured Body Mass
Index (BMI) < 18 or > 25 kg/m’. Participants’ body weight, height,
and body compositions were measured by Jawon XScan Plus
950 (Jawon Medical, Gyeongsan, Korea). Since the menstrual
cycle may affect appetite ratings, experiment days were
arranged at 1 week before menstruation for all participants. Each
participant signed an informed consent document before the
study. Ethical approval was confirmed by the Clinical Researches
Ethics Board of Hacettepe University, number GO15/25-02.

Study design and experimental protocol

This was a cross-over study conducted at the Nutrition
Laboratory in the Faculty of Health Sciences, Department of
Nutrition and Dietetics, Hacettepe University, Ankara, Turkey.
The experimental protocol of this study used the European

Table 1. Nutritional composition of the mid-morning snacks containing 0 g, 7 g,
or 14 g chia seed

Snack
Nutrient 180 g yogurt 140 g yogurt 100 g yogurt
+ + +
0 g chia seed 7 g chia seed 14 g chia seed
Energy (kcal) 138.60 138.46 138.32
Protein (g) 7.20 7.03 6.86
Fat (9) 7.02 7.64 8.25
Carbohydrate (g) 11.70 10.44 9.18
Fibre (g) - 2.20 440
Serving (g) 180 147 114

consensus on postprandial studies evaluating appetite measures
and eating behaviours [30]. The study was carried out on 3
separate days, with a 1-week washout period between each
study day. On experiment days, participants arrived at 08.00
h after fasting for 12 h and left at 14.00 h. On the previous
evening, participants ate dinner consisting of a bowl of tomato
soup (200 mL), grilled meat (60 g), salad (200 g), and white
bread (50 g) (total 602 kcal) and breakfast consisting of two
thin slices of white bread (50 g), a slice of cheese (30 g), and
a cup of tea served at 08.30 h (total 250 kcal). Participants were
asked to consume the full breakfast within 15 min. Further food
or beverage intake was not allowed until the mid-morning snack
was served. Then, subjects were tested using three mid-morning
snacks closely matched for energy content at 11.00 h. On each
test day, participants were randomly assigned to eat 180 g
yogurt without chia seed, 140 g yogurt with 7 g chia seed,
or 100 g yogurt with 14 g chia seed. Organic chia seed, Salvia
Hispanica L., was purchased from ASEL Foods, Ankara, Turkey.
The nutritional composition of 100 g chia seed was as follows:
energy 438 kcal, fat 31.1 g, omega-3 18.5 g, omega-6 5.7 g,
fibre 31.4 g, and protein 20.4 g. Table 1 shows the nutritional
compositions of the mid-morning snacks. After 2 hours, ad
libitum lunch was served. Lunch consisted of pasta and a soft
drink. The serving table was a separate dining table at a
moderately close distance where the subjects sat. On each test
day, the same amounts and types of foods were served, and
the buffet items were identical. Same portion sizes, serving
cutlery, and serving bowls were used on the test days. The
subjects were instructed to eat lunch until satisfied and allowed
to refill their plate whenever they wanted. Throughout the
study, participants were in the same room and allowed to read
or use laptops throughout the experiment. Physical activity and
social interaction were limited. Subjects were not allowed to
see how much other subjects consumed. Energy and macronutrient
intakes of subjects were measured by weighing the amounts
of food and drinks consumed and converting these values into
energy (kcal) and macronutrients based on the manufacturer’s
labelling. Participants were informed that the topic of the
research was to examine their energy intakes on different test
days and were not given any detailed information about the
compositions of the mid-morning snacks.

Visual analogue scales
Visual analogue scales (VAS) was used to assess hunger,
satiety, prospective food consumption, amounts of food they
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could consume, and desire for sugary foods throughout the
study period [31]. Appetite ratings were recorded on 100 mm
VAS with words anchored at each end describing the extremes
of a unipolar question (for instance, for hunger: “I am not
hungry at all’/“l have never been more hungry”, for satiety: “I
am not sated at all’/l have never been more sated”, for
prospective food consumption: “I cannot consume any food at
all"/“l have never wanted to consume food that much”, for
desire for sugary snack: “I do not want to consume a sugary
snack at all’/“l have never wanted to consume a sugary snack
that much”, for amount of food: “I can only have a small amount
of food"/”l can eat a large amount of food”). VAS scores were
measured before breakfast and until the end of the study for
a total of 23 times. Before the study period, subjects were
informed on how to fill out VAS forms.

POMS

POMS is commonly used to measure the effects of experimental
manipulations on various approaches [24]. The validated form
of POMS was used in the current study [32]. POMS measures
six identifiable mood or affective factors: “tension-anxiety”,
“depression-dejection”, “anger-hostility”, “vigor-activity”, “fatigue-
inertia”, and “confusion-bewilderment”. The score for each
factor was calculated by adding the responses that defined the
mood factor. The response numbers defining each mood were
as follows: “0=not at all”, “1 =a little”, “2 = moderately”, “3 =
quite a bit”, and “4 = extremely”.

Statistical analyses

Data were analysed using the Statistical Package for the Social
Sciences (SPSS) version 22 (SPSS Inc., Chicago, IL, USA). The
primary outcome of this trial was to assess the effects of
different amounts of chia seed consumption with yogurt as a
mid-morning snack on energy and macronutrient intakes
during an ad libitum lunch. For the primary outcome, data were
analysed using a general linear model, ANOVA. Where ANOVA
was significant, Bonferroni post-hoc analysis was used for
comparisons between conditions. The secondary outcome
variables were subjects’ VAS and POMS scores. For the secondary
outcome, data were analysed using a repeated measures
ANCOVA with baseline measurement as the covariate. Subjects
and test day were included in the procedure, in addition to
the mid-morning snack/time interaction. Data on the area under
the curve (AUC) for VAS were obtained using GraphPad Prism

Table 2. AUC data of VAS scores during the 3 test days

version 6 (Graphpad Software Inc.,, La Jolla, CA, USA). Baseline
values were added as covariates in the AUC data. Data were
given as mean = standard error of the mean unless otherwise
stated. Power analysis indicated that 24 subjects per condition
were required in order to estimate a minimum effect size of
18.35% (for energy intake difference) for comparisons between
treatment arms (yielding a power of 0.80 and alpha 0.05) [33].
P <0.05 was considered statistically significant.

RESULTS

Subjects

All participants completed the study successfully, and all
subject data were analysed for each test meal. Participants were
23.12+1.92 (mean * standard error) years of age, weighed
56.71 £7.11 kg (mean + standard error) with a BMI of 21.53 +
231 kg/m’ (mean =+ standard error), and had a waist circumference

Table 3. POMS data of the participants recorded at 150 min, 210 min, and 330
min during the 3 test days

Snack (with yogurt)

Mood
Time 0 g chia seed 7 g chia seed 14 g chia seed
Tension-anxiety 150 min  11.92+1.16 9.92+1.16 9.13+£1.16
210 min 988+ 137  813+137  933+137
330 min 892+ 1.03 7.33+1.03 7.58+1.03

Depression-dejection 150 min  1142+223 1221+223 1054+223

210 min 1042 +2.32 9.46 +2.32 9.38 £2.32
330 min 825227 8.08 +2.27 792+227
Anger-hostility 150 min 1008212 11.17+2.12 9.04+2.12
210 min  10.33 +2.06 7.29+2.06 7.83+2.06
330 min  8.04+1.96 6.58 + 1.96 5.92+1.96
Vigor-activity 150 min  10.83 £ 1.01 6.96 + 1.01 7.67 +£1.01
210 min 925+ 1.14 842+ 1.14 8.08+1.14

330 min  9.50+1.27
Fatigue-inertia 150 min  11.25+1.35

871+£127 10.00+1.27
9.92+135 1050+1.35

210 min  9.71+1.32 871+1.32 871+1.32
330 min  9.00+1.22 7.29+1.22 7.08+1.22
Confusion-bewilderment 150 min  7.16 +£0.98 6.42 +0.98 5.71+0.98
210 min  567+0.97  533+097  5.21+0.97
330 min  4.63+0.87 4.67 +0.87 5.13+0.87

POMS, profile of mood states; SEM, standard error of the mean,

Mean POMS scores (£ SEM) recorded at 150 min, 210 min, and 330 min during
the 3 test days, n =24, Repeated measures indicate that POMS scores were not
influenced by snack consumption or time (2 >0.05).

Snack (with yogurt)

VAS question

0 g chia seed

7 g chia seed

14 g chia seed

Hunger

Satiety

Prospective consumption

Amount of food that could be consumed

Desire for sugary snack

1,728.99 + 102.88
1,515.40 + 96.15

1,643.66 = 111.04
1,601.13 £112.15
1,896.93 + 478.80

1,439.76 + 102.82"
1,752.28 + 96.15”
1,434.77 £ 111.04
1,391.12 112,15
1,003.63 + 478.80

1,390.42 + 102.82"
1,914.01 +96.15”
1,309.58 + 111.04
1,292.34 + 112,15
046.78 + 478.80

AUC, area under the curve; VAS, visual analog scale; SEM, standard error of the mean,

Mean VAS scores (+ SEM) during the 3 test days, n=24,

YANOVA indicated that AUC data of VAS score of hunger was significantly reduced on the test days with 7 g chia seed and 14 g chia seed compared to O g chia seed

(main effect of treatment, AP=0.048).

2 ANOVA indicated that AUC data of VAS score of satiety significantly increased on the test days with 7 g chia seed and 14 g chia seed compared to O g chia seed

(main effect of treatment, £=0.017). Post-hoc analysis did not indicate a significant difference between the groups (7 g chia seed and 14 g chia seed),
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Fig. 1. Mean VAS scores (+ SEM) during the 3 test days, n=24. (A) VAS-rated hunger, (B) VAS-rated satiety, (C) VAS-rated prospective food consumption, (D) VAS-rated food
amount, and (E) VAS-rated desire for sugary snack. A light breakfast was served at 08,30 h, immediately after recording baseline VAS scores, Lunch was served at 13.00 h, Repeated
measures indicated that VAS scores were significantly influenced on the test days with 7 g chia seed and 14 g chia seed when compared to O g chia seed (main effect of treatment,
P <0,05), Post-hoc analysis did not indicate a significant difference between the groups (7 g chia seed and 14 g chia seed). VAS, visual analog scale; SEM, standard error of the mean,

of 74.06 +7.94 cm (mean = standard error).

VAS and POMS scores

Fig. 1 shows VAS-rated hunger (a), satiety (b), prospective
food consumption (c), amounts of food that could be consumed
(d), and desire for sugary foods (e). Baseline values did not differ
between test days (P> 0.05). VAS scores were significantly
influenced by consumption of different amounts of chia seed
with yogurt as a mid-morning snack. Participants reported
significantly lower scores for hunger (P =0.033), prospective
food consumption (P =0.031), amounts of food that could be
consumed (P=0.017), desire for sugary foods (P=0.015), and

higher scores for satiety (P=0.031) on the test days with 7 g
and 14 g chia seed when compared to 0 g chia seed. These
differences were pronounced at 210, 225, 285, and 300 minutes.
Furthermore, AUC data of VAS scores indicated that hunger was
significantly reduced (P=0.048), and satiety was significantly
increased (P=0.017) on the test days with 7 g and 14 g chia
seed when compared to 0 g chia seed (Table 2). AUC data on
prospective food consumption, amounts of food that could be
consumed, and desire for sugary foods were not different
between the study days (P> 0.05).

Table 3 shows POMS scores that were recorded at three
different time points throughout the study. Mood states of
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Fig. 2. Mean energy intake (kcal) (+ SEM) during the ad libitum lunch on 3 test
days, n=24. *ANOVA found that energy intake was significantly reduced on the test
days with 7 g and 14 g chia seed compared to 0 g chia seed (main effect of treatment,
P=0,037). Post-hoc analysis did not indicate a significant difference between the groups
(7 g chia seed and 14 g chia seed).

tension-anxiety, depression-dejection, anger-hostility, vigor-
activity, fatigues-inertia, and confusion-bewilderment did not
exhibit different scores between the test days and time of
measurements (P > 0.05).

Energy intakes

Fig. 2 indicates the mean energy intakes during ad libitum
lunch on the test days. When the participants consumed yogurt
with 7 g chia seed or 14 g chia seed, energy intakes from the
following ad libitum meal were reduced by 25.39% and 24.75%,
respectively (0 g chia seed: 1,095.78 + 85.34 kcal, 7 g chia seed:
817.54 + 85.34 kcal, 14 g chia seed: 824.10 +85.35 kcal, P=
0.037). No significant difference was detected between 7 g chia
seed and 14 g chia seed consumption (Fig. 2).

DISCUSSION

The present study examined the acute effects of two different
amounts of chia seed supplementation on satiety outcomes,
energy intake, and POMS for the first time. Both 7 g and 14
g chia seed with plain yogurt induced an increased feeling of
satiety and reduced feeling of hunger in participants. Moreover,
total energy intake during the prospective ad libitum lunch was
nearly 25% lower on these experiment days, and mood profile
was not influenced by these factors. These results suggest that
chia seed consumption can be a useful dietary strategy in the
prevention of overweight and obesity status in healthy individuals.

The amounts of chia seed used in the present study, 7 g and
14 g, were chosen to match the European Union decision, which
approved unprocessed chia seed as a novel food ingredient
to be sold as pre-packed chia seed with a recommended daily
intake of up to 15 g [34]. One study that previously examined
the effects of different amounts of chia seed consumption on
post-prandial glycaemia indicated a strong dose-response effect,
which led us to assess a minimal dose of 7 g chia seed in the
current study [18]. However, neither satiety-related measurements
nor mood state scores showed a significant difference between
7 g and 14 g chia seed consumption in the current study. This
outcome can be attributed to the threshold for satiating

effectiveness of chia seed, as shown using different dietary
components in other studies [35,36]. Based on this result, it can
be suggested that the threshold for energy intake reduction
by chia seed is 7 g, although further studies are needed to
clarify this outcome.

The ability of chia seed to provide a sense of higher satiety
observed in the current study appears to be consistent across
various study designs within an acute period [18,19,36]. Due
to the evidence of reduced postprandial glycaemia and
increased satiety [18], this acute effect of chia seed can be
associated with its high fibre content. It is well-established that
dietary fibre can prolong satiety through various mechanisms
such as delaying gastric emptying, slowing the glycemic response,
and increasing gastric distension [37]. Hence, ingestion of chia
seed may induce the sense of fullness, and this effect may
continue until the following meal. In addition to fibre, an
abundance of omega-3 fatty acids in chia seed may play a role
in appetite suppression. Although there are very limited data
about the acute effects of omega-3 fatty acids on the satiety
response, few studies have reported the potential effects of
long-chain poly unsaturated fatty acids on food intake modulation
and gut peptides [38,39]. In the current study, the nutritional
compositions of the mid-morning snacks consumed on test
days were closely matched by modifying their yogurt contents.
Despite slight differences in macronutrients, energy values were
identical. Therefore, the outcomes of this study can be linked
to chia seeds’ nutrient contents, although the volume of test
meals was also shown to be an important factor when
examining satiety in such studies [40]. Although the test meals
used in the current study had different volumes, our results
indicate that the lower volume of the test meals with chia seed
was adequate to induce satiety and reduce hunger.

Studies that examined the addition of chia seed to several
food products reported positive outcomes on physical and
rheological measurements [10]. In addition to physical and
rheological properties, consumer acceptance is an important
parameter in such studies. The palatability response or liking
of mid-morning snacks was not measured in the current study.
Regarding liking or disliking, palatability and pleasantness of
foods can interact with appetite and satiation, and the amount
of eaten food may vary according to these parameters [41].
Most studies that assessed chia seed as an additive to traditional
recipes obtained acceptable sensory parameters [42-44]. Despite
a lack of data about participants’ acceptance of the mid-
morning snacks in the current study, none of the participants
reported an unpleasantness regarding the taste of yogurts on
any of the test days. Due to evidence that colour, visual texture,
and odour of foods are influential on the amount of food
ingestion [45], consumer acceptance and pleasantness of the
test meals should be evaluated in future studies using chia seed
with yogurt.

The effects of acute chia seed consumption on POMS scores
were explored in the current study to determine whether or
not chia seed supplementation exerts any undesirable sense
or mood state. The link between these parameters originated
from a different study, which reported that ingestion of snacks
with different nutritional compositions is associated with better
mood aspects [46]. Chia seed consumption did not alter mood
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states in this study. This result is similar to another study, which
examined the long-term effects of consumption of 50 g/day
chia seed for 12 weeks on symptoms for pain, allergies, stress,
focus/concentration, and overall well-being in overweight
subjects [23].

The effects of long-term consumption of chia seed on
overweight- or obesity-related parameters remain controversial
unlike acute-term studies [14,23,47]. Significant reductions in
body weight were observed after 6 months of chia seed
consumption in one study [47], whereas no change in body
weight was reported following 12 weeks of consumption in
another study [23]. Difficulties in standardization of study designs
and metabolic and nutritional differences in study populations
may have contributed to these results [14,15]. For this reason,
translation of the current evidence on the satiating effects of
chia seed in acute-term studies into long-term assumptions
related to weight loss is still premature. Although numerous
studies have reported that ingestion of foods with healthy
nutritional compositions may induce satiety, reduce hunger,
and lower energy intake in prospective meals, further clinical
trials are needed to identify the precise effects of chia seed
consumption on these parameters [18,19].

Finally, there are a few limitations in the current study. Firstly,
the outcomes of this study were obtained from female subjects
in order to eliminate the confounding effects of sex differences
on eating behaviours [48]. Secondly, participants were tested
in a nutrition laboratory where their habitual eating parameters
might be affected due to the different environment. Therefore,
future studies should focus on conducting research in more
natural settings including male subjects as well as assessing
biochemical parameters related with appetite. In addition, it was
shown that nutritional behaviours can be altered in subjects
who are overweight or obese due to motivational and emotional
drives related to food intake [49]. Hence, testing a similar
hypothesis in different clinical groups may help to clarify the
exact mechanisms underlying the satiating effects of chia seed.

In conclusion, the present study showed that consumption
of 7 g or 14 g of chia seed with plain yogurt as a mid-morning
snack induced an increased senses of fullness. This outcome
was reflected in energy intake of participants during the following
meal. In addition, chia seed consumption did not influence
mood states. The basis for the current study was the hypothesis
that supplementation of regular diet with chia seed may induce
beneficial effects on sensory outcomes related to acute-term
satiety and mood states. Since several biochemical and physical
mechanisms underlie these principal aims of the current study,
future studies will continue to examine related indicators.
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