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Introduction: The aim of the present study was to evaluate if the pasta quality is decisive in 
controlling hunger and satiety compared with rice. 
Material and Methods: n=16 (8 men, 8 women). The effect on appetite and satiety of two different-
quality pastas and also rice was determined by repeated measuring. Subjects came on fasting and 
were evaluated at different times after the intake of product under investigation for 240 minutes, 
eaten an ad-libitum buffet and were evaluated again at minute 270. Aspects related to satiety 
(hunger, satiety, fullness, and desire to eat) were evaluated by visual analog scale (VAS), overall 
appetite score (OAS), area under curve (AUC) and satiety quotient (SQ).    
Results: The OAS reported by volunteers prior to the intake of products under investigation did 
not differ significantly, so baseline parameters did not bias later measurements. AUC after 60 
minutes was higher after the intake of rice (2,355±1,556%/min) compared with both types of 
pasta. On the other hand, similar values were obtained between the two types of pasta (Pasta 
A=1,808±1,329%/min; Pasta B=1,774±1,370%/min). Further, AUC reported by volunteers after 
240 minutes was higher after the intake of rice (12,424±6,187%/min) compared with both types of 
pastas (Pasta A=10,292±5,410%/min; Pasta B=9,976±5,589%/min). In addition, SQ was lower for 
rice (1.90±4.29%/kcal) than for both pastas (Pasta A=4.73±4.95%/kcal; Pasta B=4.40± 5.14%kcal).     
Conclusions: Both varieties of pasta showed higher satiety results than rice, with no significant 
difference between them. In addition, the difference between rice and pasta was greater within 60 
minutes after ingestion.     
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Introducción: El objetivo del presente estudio fue evaluar si la calidad de la pasta es decisiva para 
controlar el hambre y la saciedad en comparación con el arroz. 
Material y Métodos: n=16 (8 hombres, 8 mujeres). El efecto sobre el apetito y la saciedad de dos 
pastas de diferente calidad y también del arroz se determinó mediante mediciones repetidas. Los 
sujetos entraron en ayunas y fueron evaluados en diferentes momentos después de la ingesta del 
producto investigado durante 240 minutos, comieron un bufet ad libitum y fueron evaluados nueva-
mente en el minuto 270. Aspectos relacionados con la saciedad (hambre, saciedad, plenitud y deseo 
de comer) fueron evaluados por escala visual analógica (VAS), puntaje global de apetito (OAS), área 
bajo curva (AUC) y cociente de saciedad (SQ).    
Resultados: La OAS informada por los voluntarios antes de la ingesta de productos bajo investi-
gación no difirió significativamente, por lo que los parámetros de referencia no sesgaron las me-
diciones posteriores. El AUC después de 60 minutos fue mayor después de la ingesta de arroz 
(2.355±1.556%/min) en comparación con ambos tipos de pasta. Por otro lado, se obtuvieron va-
lores similares entre los dos tipos de pasta (Pasta A=1.808±1.329%/min; Pasta B=1.774±1.370%/
min). Además, el AUC informado por los voluntarios después de 240 minutos fue mayor después 
de la ingesta de arroz (12.424±6.187%/min) en comparación con ambos tipos de pastas (Pasta 
A=10.292±5.410%/min; Pasta B=9.976±5.589%/min). Además, el SQ fue menor para el arroz 
(1,90±4,29%/kcal) que para ambas pastas (Pasta A=4,73±4,95%/kcal; Pasta B=4,40±5,14%/kcal).
Conclusiones: Ambas variedades de pasta mostraron resultados de saciedad más altos que el arroz, 
sin diferencias significativas entre ellos. Además, la diferencia entre arroz y pasta fue mayor dentro 
de los 60 minutos posteriores a la ingestión.    
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INTRODUCTION

Obesity is caused by combination of factors that inevitably 
results in increased energy intake and/or decreased energy 
expenditure, leading to increased fat mass. The prevalence 
of obesity is associated with increased mortality, directly 
related to cardiovascular diseases, hypertension, diabetes 
mellitus, as well as certain types of cancer. Moreover, an 
increase of energy intake is a potential cause for the different 
symptoms associated with the development of obesity.

However, under-reporting of food intake is very common 
in developed countries1-5. This phenomenon seems to 
be greater in obese populations6-8, and people following 
restrictive diets8,9. In this context, later-term indicators of 
total energy intake (EIT) are relevant for identification of 
individual total food intake.

Regarding that phenomenon, overall appetite score (OAS) 
reflects subjective components of appetite control10, acting 
as objective food intake marker. OAS (defined by “hunger”, 
“desire to eat” and “appetite for a meal”) has been 
shown to be associated with energy intake11-14. Similarly, 
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OAS measurement after food intake also seems to be a 
reliable marker of early term energy intake15. Moreover, 
OAS measurement before and after meals may also reveal 
information about the satiating capacity of a certain food, 
which can be expressed as satiety quotient (SQ). The satiety 
efficiency of foods was originally introduced by Kissieff 
in 1984 for the measurement of the appetite reducing 
capacity of foods per unit of intake (for example, kcal, kj)16. 
This concept was extended taking into account the temporal 
effect of foods, leading to the calculation of SQ over time17 
which acts as marker of individual satiety capacity in 
response to a fixed meal test. Accordingly, the SQ should 
be associated with later-term energy intake (lower SQ 
indicating a weaker satiating effect and, therefore, higher 
overall intake). The objective of the present study was to 
determine whether the composition of the ingredients that 
make up a pasta product has a decisive influence on satiety 
and hunger in healthy population compared with the intake 
of rice as control.

MATERIAL AND METHODS

A total of 16 volunteers (8 men and 8 women) were recruited 
for the study. Inclusion criteria were: age 35-50 years, body 
mass index (BMI) 25-35kg/m2 and absence of any disease at 
the beginning of the study. Exclusion criteria were: allergies 
or intolerances, chronic disease, consumption of drugs or 
medicines, a specific diet and changes in smoking habits 
during the study. The characteristics of the volunteers are 
shown in Table 1. After a full disclosure of the implications 
and restrictions of the protocol, volunteers were required to 
sign the informed consent. 

Each volunteer went to the laboratory three times, with a 
week of separation between them. Each time, volunteers 
consumed one of the products under investigation. They 

were required to fast for 12 hours before each visit, and to 
avoid alcohol consumption and intense physical activity the 
day before the test. At the beginning of every intervention 
day, one of the products under study was served to the 
volunteers, who were instructed to eat the product during 
the following 15 minutes. After that, volunteers avoided 
food intake and intense physical or mental activity for the 
subsequent 4 hours (240 minutes). After this time, a buffet 
lunch was served. Volunteers were instructed to eat until 
they were comfortably satiated (ad-libitum). In order to 
interference during the measurement period, participants 
were isolated in a quiet area away from sensory distractions.

Nutritional value of the food served was determined by 
the software Dietsource v 3.0. Moreover, the food chosen 
by the volunteers was measured before and after the 
buffet lunch intake. Therefore, energy and macronutrients 
were determined for every volunteer from the quantitative 
measurement of food ingested.

The evaluation of satiety measured by the intake of energy ad-
libitum was carried out for each product under investigation, 
with all subjects consuming all three products. Sample size 
was chosen according to the scientific evidence available 
from other reproducible studies. Quantitative variables were 
evaluated by mean and standard deviation. Finally, ANOVA 
was performed for overall comparison among variables, 
using T-student test for paired analyses. 

The nutritional composition of products under investigation 
is shown in Table 2.

Pasta products were made with a mixture of three different 
varieties of wheat known as "durum", "aestivum" and 
"reprocess" in different proportions, leading to a different 
composition for each pasta (Table 3). That composition 
was chosen in order to test whether the quality of pasta 
ingredients influences satiety and fullness. Reprocess wheat 
is the poorest quality wheat and is obtained from ground 
noodles or other wheat-based products. Meanwhile, durum 
and aestivum are high quality first grinding wheats, with very 
small amount of ash. Between these two varieties of superior 
quality wheat, it is worth noting that aestivum has better 
nutritional quality due to its higher dietary fiber content.

Visual analog scales (VAS) were used to evaluate OAS after 
the intake of every product under investigation. Volunteers 
reported their state of hunger, satiety and fullness on a 
10cm VAS by placing a vertical line on ascale  that ranged, 
on the hunger scale, from “I have no hunger” to “I am the 
most hungry I have ever been”; on the satiety scale, from "I 
have no feeling of fullness" to "I'm as full as I've ever been"; 
on the fullness scale, from "I have no feeling of fullness" 

 
Table 1. Volunteers’ characteristics.

Data

Age 37.1 ± 9.0

Height (cm) 171.3 ± 8.2

Weight (kg) 79.7 ± 15.9

Fat mass (kg) 26.2 ± 5.8

Muscle mass (kg) 54.4 ± 9.9

BMI (kg/m2) 28.5 ± 2.6
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to "I have the greatest feeling of fulfillment I've ever had" 
and on the prospective food consumption scale (PFC) from 
"I have no desire to eat any food" to "I have the greatest 
desire to eat any food I've ever had". OAS was calculated as 
the average of the four individual scores: (satiety + fullness + 
(100 – PFC) + (100 – hunger)) / 4.

VAS for each of the evaluated components of appetite, were 
completed by volunteers in the following times: before and 
immediately after the intake of product under investigation, 
and at 10”, 20”, 30”, 40”, 50”, 60”, 120”, 180”, 240” 
(immediately before ad-libitum meal) and 270” post-intake of 
foods under investigation (immediately after consumption 
of ad-libitum meal)18,19 (Figure 1).

Overall Appetite sensation (OAS) was calculated at every 
measurement interval, and the change in OAS was calculated 
as the difference between OAS baseline and OAS of each 
subsequent measurement using the following formula:

Decrease of appetite = OASpre-intake – OASpost-intake 

In which the average OAS 60 minutes post-intake was 
represented by the area under curve (AUC) at OAS (time 0, 
10, 20, 30, 40, 50 y 60).

In the measurement of OAS, the area under the curve was 
calculated by summarizing the mean scores of pairs of 

adjacent time points and then calculating a weighted mean 
(weighted by the time difference of two time points). AUC 
was measured by the area under the curve of time course of 
OAS from minute 0 to 60 post-intake of product.  

Satiety evaluation, using VAS was carried out for each product 
in every volunteer who attended the present research.

Long term satiety

The later-term effect on satiety of a food was determined 
from VAS, and the energy composition of products 
contained in the ad-libitum food consumption test, using 
the formula of SQ.

SQ was calculated by the subtraction of the value “desire to 
eat” before the intake of the product under study, minus the 
average of “desire to eat” in the 60 minutes after intake of 
the product. This difference was divided by the energy values 
of the ingested ad-libitum food. By convention, the result of 
SQ is multiplied by 100 to obtain a more manageable range 
of values. Therefore, the resulting formula was: 

SQ (mm/100kcal) = Decrease of appetite (defined as: 
OASpre-intake – Average OAS60 minutes post-intake) / Energy of 

products under investigation (kcal) * 100   

Fullness factor (FF) was calculated from the nutrient content 
of each food by the following formula: 

FF = MAX (0.5, MIN (5.0, 41.7 / CAL0.7 + 0.05 * PR + 6.17 E-4 
* DF3 – 7.25E-6 * TF3 + 0.617))

Where: CAL is total calories per 100g (30 minimum), PR 
is grams protein per 100g (30 maximum), DF is grams of 
dietary fiber per 100g (12 maximum), TF is grams of total 
fat per 100g (50 maximum).

 
Table 2. Nutritional composition of products under investigation.

Proximate Units Rice Pasta A Pasta B Wheat Durum Wheat Aestivum Wheat Reprocess

Energy kcal 374 343.43 340.92 339 342 371

Water g 9.86 9.17 10.28 10.94 9.57 –

Protein g 7.51 11.91 13.64 13.68 11.31 13.04

Total Lipid (fat) g 1.03 1.85 2.41 2.47 1.71 2.47

Carbohydrate g 80.89 74.86 71.34 71.13 75.9 71.13

Sugars, total g 0.3 0.49 0.16 – 0.41 –

Ash g 0.71 1.11 0.00 – 1.52 –

Fiber g 1.8 9.13 0.19 – 12.2 –

 
Table 3. Percentage of different wheat in each type of pasta.

Durum Aestivum Reprocess

Pasta A 20 % 73 % 7 %

Pasta B 94 % – 6%
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RESULTS

OAS prior to the intake of the products under investigation 
did not show significant differences between the products 
(p<0.05). Therefore, volunteers began each interventional 
session at the same conditions (appetite sensation), which 
led to more reliable results (Figure 2). 

As commented before, AUC includes the area above 
baseline of OAS. It was observed that AUC of OAS from 
immediate post-intake to instant 60 minutes post-intake 
was higher for rice (2,355±1,556%x/min) compared with 
both pastas. In contrast, both types of pasta induced a 
similar AUC with no statistically significant differences 
(Pasta A=1,808±1,329%min; Pasta B=1,774±1,370%/min) 
(Figure 3).

Performing statistical comparison, differences in appetite 
between products were significant (p<0.05). In fact, rice 
showed higher AS than both varieties of pasta, while 
differences between both types of pasta were minimum 
(p>0.05) (Figure 3). Moreover, the average OAS 60 
minutes after the intake of rice (39.3±25.9%) was higher 
for both pastas. On the other hand, both varieties of pasta 
showed similar (p>0.05) AS (Pasta A=30.1±22.1%; Pasta 
B=29.6±22.8%) (Figure 2).

   
Figure 1. Chronology of EVA scale and appetite test after energy consumption ad-libitum.
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Figure 2. Appetite sensation (%) of the subjects at baseline, 
at minute 60 and after ad-libitum intake. - * and ** 
represent statistically significant differences (p<0.05).
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Moreover, significant differences were observed between 
different products under study (p<0.05). In fact, rice 
consumption showed lower reduction in OAS than both 
varieties of pasta (p<0.05). Meanwhile, no differences were 
observed between the varieties of pasta (p>0.05) (Figure 4).

It was observed that AUC evolution of OAS from immediate 
post-intake to instant 240 post-intake was higher after rice 
intake (12,424±6,187%x/min) compared with both types 
of pasta (p<0.05), with no significant differences (p>0.05) 
between the pastas (Pasta A=10,292±5,410%x/min; Pasta 
B=9,976±5,589%x/min) (Figure 3). 

The statistical analysis showed similar values to those 
observed for early assessment of OAS, while rice intake 
showed greater AUC compared to both pastas (p<0.05). 
AS observed before, there were no statistically significant 
differences in AUC values between the intake of both types 
of pasta. Therefore, early and later values indicate that 
OAS after 240 minutes from the intake of products under 
investigation is greater after the intake of rice than pasta.

OAS was measured after ad-libitum intake, showing no 
significant differences after the intake of rice or pasta 

(p=0.52). Therefore, volunteers were satiated after 
ad-libitum intake, regardless of the type of product 
administered (Figure 2).

Energy consumption was measured during and after ad-
libitum intake. It can be noted that the intake of rice led 
to the highest energy consumption during ad-libitum 
intake (787±196kcal) compared with both types of pasta 
(p<0.05). Furthermore, the intake of each pasta showed 
similar energy consumption after ad-libitum lunch (Pasta 
A=700±150kcal; pasta B=691±163kcal) (Figure 5).

As it can be observed in the Figure 6, rice showed the lowest 
SQ (1.90±4.29%/kcal). However, both types of pasta showed 
very similar SQ (Pasta A=4.73±4.95%/kcal; Pasta B=4.40± 
5.14%/kcal). 

The statistical comparison revealed significant differences 
between the different products under study (p<0.05). In fact, 
rice intake led to lower SQ than pasta while no differences 
between pastas were observed, indicating that satiating 
capacity of both types of pasta is greater than rice, while 
there are no differences between pastas.

 

Figure 3. Area under the curve representing the evolution of appetite sensation (% x min), comparing immediately post-
intake with instant 60 minutes *p<0,003, instant 240 minutes ** p<0,01.
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Therefore, it was observed that rice was the food with lower 
FF (1.66) while both types of pasta showed higher and 
very similar FF (Pasta A=2.38; Pasta B=2.2). Therefore, rice 
consumption showed poor fullness sensation compared 
with both pasta products (p<0.05).

DISCUSSION

The main objective of the present study was to evaluate 
the influence on hunger and satiety of wheat quality of 
two different pastas compared with rice-control. The 
main finding of the present research was the lowest AUC 
of OAS from baselines to minute 60 post-intake showed 
by pasta and not for rice as placebo. The present study 
confirms the findings of other study, correlating the SQ 
obtained after a 733kcal breakfast with ad-libitum intake20. 
These authors also evaluated the desire to eat, hunger 

and fullness every 10 minutes during the first hour. One 
of the main differences with the present study is that 
participants completed food reports for 3 days after the 
study.

In the present study, rice showed the minor satiating 
capacity with respect to both pastas and, consequently, 
led to greater energy consumption during ad-libitum 
intake. Moreover, differences observed between the intake 
of both types of pasta were not statistically significant 
(p>0.05). This could be explained by their similar 
macronutrients content, as it can be observed in another 
study comparing satiety between two varieties of rice18. 
The results of the present study are not in accordance 
with those obtained in a study using the satiety index (SI) 
of 38 food types using bread as reference food, which 
reported a higher SI for white rice (138±31) with respect 
to white pasta (119±35)21. 

 

Figure 4. Appetite sensation decline (%) at minute 60 
compared with baseline. * p<0,006.
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Figure 5. Average energy consumption (kcal) consumed 
during ad-libitum lunch after the intake of each pasta and 
rice. * p<0,05.
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A secondary finding of the present study was the SQ, which 
revealed to be higher in pastas than in rice. The convenience 
of SQ in the present study could be related to ad-libitum 
intake in the following 3 hours, considered as regular time 
periods between meals. Moreover, satiety –being defined as 
the interval between meals as a function of elapsed time– 
can be used to predict the next feeding episode22. Similar 
studies have reported satiating capacity of potato, rice and 
pasta, containing similar amounts of carbohydrates. In a 
recent study, VAS was determined every 30 minutes from 
baseline until 3 hours post-intake. The results confirmed 
greater satiety capacity for potato compared with rice and 
pasta, but no significant differences were observed between 
the latter two foods23. This greater satiating capacity could 
be explained by the higher water content and lower energy 
density of potato compared with rice and pasta, which 
leads to greater volume of ingested food that could cause 
a greater gastric distension and subsequent increase in 
satiety24. However, a limitation of that study was the lack 
of an ad-libitum lunch after the intake of the tested foods. 
Meanwhile, another study reported similar results for a total 

of 38 foods, showing higher SI for potatoes (323±51) than 
for white rice and white pasta21. 

The results of the presents research suggest an inverse 
correlation between SQ and caloric content of the ad-libitum 
lunch. However, other studies comparing solid and liquid 
food did not reported similar correlation21,25,26. Differences 
observed in that study can be explained by the short time 
between consumption of the study foods and ad-libitum 
intake, which could be insufficient for an influence on hunger 
or fullness.

Various factors have been reported to influence the satiating 
effect of foods, such as palatability, weight and volume 
of food, macronutrient composition and energy density. 
Especially, the great effect of energy density is inversely 
proportional to the satiety of foods, what seems to confirm 
that low energy foods have higher fiber, volume and weight 
content, leading to increased satiating capacity5. In the 
present research, different fiber content in pastas could give 
rise to certain advantages in terms of prevention of some 
chronic diseases such obesity, metabolic syndrome, type-
2 diabetes, cardiovascular diseases, or different types of 
cancer. Advantages include improving intestinal function, 
lowering LDL cholesterol and postprandial glucose, reducing 
the risk of certain cancers such as colon cancer or helping 
to lose weight27.

Another marker used for the assessment of satiety was 
the GI. In fact, the great satiating capacity of pasta can be 
explained by the higher GI found for pasta and not rice (73 
vs. 49)28. However, these data are not consistent with those 
observed in other studies, that found no relationship of 
the GI of foods, reporting similar results for carbohydrate 
quantities based on potato, rice and pasta cooked in 
different ways29,30. Other study reported similar values for 
energy intake during ad-libitum lunch and satiety; however, 
differences were observed in blood markers such as 
glucose, insulin, ghrelin and glucagon peptide-1 (GLP-1)31. 
The differences could be explained considering meals as a 
combination of different nutrients, giving rise to a particular 
value of GI. Therefore, GI may not be relevant for predicting 
satiety or later energy intake if a meal is composed by a 
combination of foods.  

Moreover, it should be kept in mind that the particular 
experimental methodology employed is crucial, many 
studies use different procedures32. Due to the differences 
observed in the scientific literature (different experimental 
designs, types of subjects, timing of meals and types of 
foods) this may be useful for the emergence of an apparent 
consensus between outcomes.

 

Figure 6. Satiety quotient (% / kcal) * p<0.05 for each 
product.
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CONCLUSIONS

The intake of foods under study with similar macronutrients 
content, reported higher satiety quotient and stronger 
decrease in the appetite sensation for pastas compared 
with rice. However, there were no differences observed 
between pastas. This decrease in appetite sensation gave 
rise to a lower caloric intake in a subsequent ad-libitum 
meal. This reduction on the food intake could favor weight 
loss in overweight and obese population leading to health 
benefits. 
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