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ABSTRACT

An inverse relationship between meal frequency and body weight has been observed in several studies: however, little
information is available on the effects of a snack consumption on energy and nutrient intakes in adults. In this study, 19
healthy volunteers consumed daily for 3 weeks, in a cross-over design, one of two isocaloric snacks (bread with salmon
spread or bread with salami). Diet composition, anthropometrics, blood pressure, lipid and fatty acid profiles, fasting
plasma glucose levels and high sensitivity C reactive protein (hs-CRP) were assessed at the beginning of the study and
before and after each dietary period. The inclusion of a mid afternoon snack in the standard meal pattern (breakfast,
lunch, dinner) was associated with a significant reduction in energy intake at dinner (the reduction being larger after the
snack prepared with the salmon spread); the total daily caloric intake, however, was not changed by the snack consump-
tion, since the snack caloric intake was fully compensated by the lower dinner energy intake. No significant change has
been observed in any of the measured biochemical or anthropometric parameters, even if a trend toward a plasma
hs-CRP reduction and toward a more favourable HUFA index was observed after the salmon spread snack consump-
tion. These observations indicate that the regular consumption of a balanced mid afternoon snack has no adverse effects
on energy intake and biochemical parameters of healthy adults with a moderately active lifestyle; the snack consump-
tion results, however, in different distributions of the energy intake among meals. The snack composition (salmon or
salami) may further influence these effects.
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1. Introduction 3 main meals and 2 snacks (at mid morning and at mid
afternoon) has in fact been shown to be effective in im-
proving weight control and caloric management. More-
over in children, meal frequency has been associated to
benefits for memory [2,3] and performance [4,5], and it
has been proposed that, in specific physiological condi-
tions, e.g. athlete and elderly, snack consumption can
improve nutritional adequacy of the total diet [6,7] and
help avoid to strain the gastrointestinal system [8].

On the basis of a balanced revision of these observa-
tions, the nutritional guidelines of national institutions
and scientific societies agree in recommending the con-
sumption of 3 main meals (breakfast, lunch and dinner)
and 2 snacks for wellness maintenance, with the aim to
*This study was supported by an unrestricted research grant from Bolton reduce health related risk factors. In Italy, snacks must

Ali tari S.p.A., C te, Italy. . S .
*Co;?;:;oeg(liingauthof.rmenae e supply 5% - 8% of the total daily caloric intake in the

The role of eating frequency, in particular of snack con-
sumption, as part of a proper diet in association to a
healthy lifestyle, undergoes a continuous debate among
nutrition experts. On one hand, it is widely believed that
a higher number of meals increases the risk of overeating
and is associated to a low nutrient density of the diet [1].
These considerations have led to place snacking among
the causes of obesity. On the other hand, results of epi-
demiological studies do not support the relationship be-
tween meal frequency and body weight, the latter being
associated to total caloric intake more than to the number
of meals. The distribution of the daily energy calories in
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mid morning and 7% - 10% in the mid afternoon accord-
ing to a document of the Ministry of Health [9].

Intervention studies, performed on adult populations,
have demonstrated in the human body the activity of
metabolic pathways able to compensate the energy intake
at subsequent meals, after the intake of balanced snacks
[10,11]. However, most of these studies have tested
foods generally considered healthy (nuts, dried plums,
whole grains, fruits), showing functional effects of dif-
ferent components, like as proteins, antioxidants and fibre
[12- 15]. On the other hand, little information is available
on the effects of foods consumed between meals.

This study aimed to evaluate the effects of the regular
consumption of a proprietary salty snack, fish-based, in
comparison with an Italian traditional snack, on the daily
caloric intake, diet composition and anthropometric and
biochemical parameters, in healthy volunteers.

2. Methods

Twenty healthy volunteers (ten males and ten females,
aged 25 - 40 y; mean age 32.2 + 4.1 y) not overweight
(mean BMI 24.3 kg/m” and 21.9 kg/m* for men and
women, respectively) without metabolic syndrome or
other metabolic diseases, have been recruited at the De-
partment of Pharmacological and Biomolecular Sciences-
DiSFeB in Milan. The study protocol had been previ-
ously approved by the Local Committee on Ethics and all
the volunteers signed written informed consent.

Before the beginning of the study, volunteers under-
went a medical examination during which body weight,
BMI, waist circumference, systolic (SBP) and diastolic
blood pressure (DBP) were recorded; a blood sample was
also obtained. In that occasion they also received a vali-
dated food frequency questionnaire, in order to assess
their dietary habits. After a three weeks run-in period,
during which they were invited to follow their usual diets
without consuming mid afternoon snacks, they entered
the intervention period, during which one of two isocalo-
ric snacks, prepared with a white bread slice (24 g) and
salmon spread (Rio Mare Pate, Bolton Alimentari S.p.A.)
(30 g) or salami (15 g), were added to a free diet for three
weeks. At the end of the first three weeks experimental
period, after one week of wash-out with no between meal
snacks, they introduced in their diet the other daily snack
for three additional weeks, following a cross over proto-
col.

The following data have been collected during each
medical examination (at the beginning of each time pe-
riod: run-in, t0, phase I, wash out, phase II) after over-
night fasting: anthropometrics, body composition (as
percentage of body fat, lean mass, water) and resting
energy expenditure by bioelectrical impedance, blood
pressure, food consumption evaluated by 7-day diaries.

Copyright © 2013 SciRes.

Blood samples collected from the antecubital vein have
been used to assess the lipid profile and the fasting
plasma glucose (FPG) concentrations with standardised
methods, high sensitivity C reactive protein (hs-CRP) by
turbidimetry, fatty acid profile by fast gascromatography
of methyl esters [16].

Data were analyzed using an IBM SPSS (Statistical
Package for Social Sciences) Version 19.0 software.
Comparisons across diets were performed by using uni-
variate analysis of variance (ANOVA). Differences be-
tween diets have been evaluate by using Student’s t-test.

3. Results

The composition of the two snacks is shown in Table 1.
Energy value (127 kcal for salmon spread vs 122 kcal for
salami) and nutrient contents (as grams and En percent-
age) were similar among the two snacks.

The evaluation of food frequency questionnaires (data
not shown) has confirmed the homogeneity of the study
population, constituted by healthy adults, with moder-
ately active lifestyles. Anthropometric data, blood SBP
and DBP values throughout the study period are reported
in Table 2. One male volunteer dropped out two weeks
after the beginning of the first dietary intervention for
health reason; as a consequence mean values for male
volunteers are based on 9 subjects. Men, as expected, had
higher weight, BMI, waist circumference, resting energy
expenditure, body lean vs fat mass, SBP and DBP than
women. Total cholesterol, triglycerides, FPG and hs-CRP
(a marker of systemic inflammation) levels were lower
(although not significantly) in the female group (Table
3), which showed significantly higher HDL (p < 0.05)
and lower LDL cholesterol (p < 0.05) at each visit.
However, statistical analysis performed with Anova for

Table 1. Composition of the two snacks: salmon spread and
salami.

Salmon spread snack  En (kcal) Proteins Carbohydrates Fats

30 g salmon spread

Rio Mare® 64 32 1.4 5.1
24 g white bread 63 2.1 11.0 1.2
Total 127 5.3 12.4 6.3
Total kcal% 17 39 44

Salami snack En (kcal) Proteins Carbohydrates Fats

15 g salami Milano

(3 slices) 59 3.6 0.1 49

24 g white bread 63 2.1 11.0 1.2

Total 122 5.7 11.1 6.1

Total kcal% 19 36 45
FNS
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Table 2. Anthropometrics and blood pressure values in female (n = 10) and male (n = 9) volunteers according to snack

consumption (Mean, SD).

Women Men
Salami Salmon spread Salami Salmon spread
Run-in Run-in

t0 3 wk t0 3 wk t0 3 wk t0 3wk

Body weight (kg) 56.71 56.89 57.24 57.02 56.93 74.09 74.49 74.11 74.27 74.06

7.84 7.97 8.43 8.06 7.90 10.44 10.57 10.25 10.80 10.82

BMI (kg/m’) 21.96 22.03 22.15 22.07 22.04 24.30 24.43 2431 24.36 24.28
2.65 2.66 2.75 2.67 2.62 2.38 2.47 2.39 2.56 2.54

Waist circumference (cm) ~ 77.50 76.30 74.10 74.90 75.20 87.56 86.78 85.78 86.67 84.78
7.71 7.53 7.53 7.55 6.58 6.02 6.42 5.54 5.94 5.65

Body fat (%) 26.08 25.42 28.03 26.11 26.25 17.17 17.19 17.84 17.90 17.47
4.65 3.97 2.30 4.11 5.03 5.74 5.47 5.44 5.15 5.24

Body water (%) 53.92 54.41 52.43 53.90 54.20 60.43 60.34 59.93 59.81 60.20
3.40 2.88 1.71 2.98 2.85 4.20 3.96 3.96 3.74 3.82

Lean mass (%) 36.10 35.93 35.01 35.78 35.73 4322 43.46 43.14 43.19 43.64
1.54 1.52 1.10 1.53 1.60 2.37 2.37 221 2.50 2.62

REE (kcal) 1.340.00 1.323.67 1.379.14 1.338.67 1.32525 1.737.00 1.716.67 1.680.11 1.740.00 1.742.14

80.43 85.51 85.77 85.77 64.96 161.96 174.69 251.78 170.42 189.87

SBP (mm Hg) 102.80 101.00 99.00 104.50 102.30 120.22 118.67 114.78 118.89 117.33
8.98 8.10 12.06 13.43 8.73 4.79 6.96 5.95 7.56 5.61

DBP (mm Hg) 63.00 67.00 66.00 64.50 70.60 75.33 76.67 77.56 80.00 78.56
7.89 9.45 8.62 6.85 7.78 6.69 6.61 6.13 9.34 5.88

Table 3. Lipid profile, glucose and hs-CRP levels according to snack consumption in female (n = 10) and male (n = 9)

volunteers according to snack consumption (Mean, SD).

Women Men
Salami Salmon spread Salami Salmon spread
Run-in Run-in

t0 3wk t0 3wk t0 3wk t0 3 wk
Total Cholesterol (mg/dL)  185.80 200.50 193.00 196.80 192.50 201.67 208.89 207.11 202.00 201.33
25.44 24.95 22.48 22.06 18.60 35.76 37.84 4522 33.80 29.74

HDL Cholesterol (mg/dL)  73.70 77.00 76.20 77.40 76.50 60.78 62.11 59.44 60.00 60.33
17.92 19.32 19.13 18.73 21.52 11.96 13.16 19.46 11.68 11.07
LDL Cholesterol (mg/dL)  100.50 107.40 101.50 102.60 100.50 125.33 127.56 125.33 125.89 121.67
26.51 26.13 22.99 20.40 16.71 27.40 29.46 31.21 28.41 20.75
Triglycerides (mg/dL) 77.40 80.00 88.40 93.20 86.10 107.00 99.11 117.33 104.22 101.44
34.39 21.04 34.31 39.81 45.39 64.89 39.08 86.76 49.35 50.64
FPG (mg/dL) 87.70 88.70 87.70 86.60 85.70 94.56 90.11 91.44 92.00 91.67

6.29 5.66 3.30 7.34 7.32 13.16 11.08 9.81 11.66 8.86

hs-CRP (ng/mL) 1.04 0.99 1.47 227 1.11 0.51 0.63 2.05 1.71 1.04

0.72 0.90 1.63 2.85 1.02 0.38 0.70 3.70 2.52 1.20
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repeated measures confirmed the lack of significant dif-
ferences in anthropometrics, blood pressure and bio-
chemical parameters measured at the first visit and at the
subsequent time points, regardless of the sequence of
snacks intake (e.g. salami and salmon spread or salmon
spread and salami) both in the male and female group.
hs-CRP showed an increase of borderline statistical sig-
nificance at the end of the bread and salami snack period,
and a decrease at the end of the bread and salmon spread
phase (p = 0.064 and 0.062, respectively).

The diet nutrient composition was quite similar be-
tween men and women (Table 4). Total lipids exceed the
recommended daily intake (30% of total energy) for both
groups, while carbohydrates were well below the 55% -

60% indicated in the guidelines. A slight reduction, al-
though not significant, of calories from fat has been ob-
served during the consumption of bread and salmon
spread, independently from the snack sequence.

The inclusion of a snack in the mid afternoon after the
run-in period, characterized by three main meals with a
very light mid morning snack, impacted over the distri-
bution of total energy intake among meals, as shown in
Table 4: the caloric intake at dinner (the main daily meal)
was significantly decreased, mostly with the snack pre-
pared with bread and salmon spread in the male group.

No significant differences were observed in the fatty
acid profile of blood lipids, following the two different
snacks consumption (Table 5). However, the comparison

Table 4. Macronutrient composition of the diet at each study period and percentage distribution of the daily energy intake
among meals in female (n = 10) and male (n = 9) volunteers (Mean, SD).

Women Men
Run-in Salami Salmon spread Run-in Salami Salmon spread
En (kcal) 1386.86 1321.59 1306.44 1559.97 1699.83 1561.52
250.55 206.32 251.09 272.17 196.44 233.39
Proteins (g) 57.91 53.95 54.96 62.82 66.87 59.75
9.84 8.05 7.48 15.29 9.72 18.65
Fats (g) 62.77 58.83 56.16 65.81 67.29 62.06
2091 7.03 13.13 16.59 11.18 16.26
Carbohydrates (g) 158.81 133.24 157.02 176.88 198.99 198.96
38.59 21.31 39.04 27.79 49.93 48.90
Proteins (En %) 17.49 17.03 17.68 16.55 16.66 15.18
1.77 1.34 2.85 1.69 2.14 2.74
Fats (En %) 41.25 42.18 39.16 38.74 37.41 36.12
7.01 2.32 5.87 5.49 5.70 7.11
Carbohydrates (En %) 43.50 40.75 45.77 44.36 45.34 48.58
6.01 221 4.59 6.53 7.58 8.72
Breakfast (En %) 16.20 14.78 16.00 14.22 14.56 17.11
527 7.08 4.71 7.56 8.26 8.52
Mid morning snack (En %) 4.00 5.00 3.33 5.40 4.25 2.00
2.83 4.24 3.21 2.97 2.06 1.00
Lunch (En %) 37.50 38.33 38.00 37.33 35.11 37.33
5.15 5.24 7.64 6.38 5.46 3.32
Mid afternoon snack (En %) 10.89 11.80 8.44 8.22
2.98 3.29 2.01 1.48
Dinner (En %) 54.70 38.11° 38.00° 50.56 43.22° 38.33*
8.46 597 4.90 8.40 4.49 6.04
p <0.001 vs run-in; *°p < 0.02 salmon spread vs salami.
Copyright © 2013 SciRes. FNS
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Table 5. Fatty acid composition of whole blood fatty acids (% of total fatty acids) according to snack consumption (Mean,

SD).
Salami Salmon spread
Fatty acids Run in
t0 21 t0 21
16:0 28.39 1.80 24.70 1.81 23.67 5.88 25.45 1.11 27.41 1.24
18.0 12.99 0.95 11.11 0.86 11.84 1.20 11.38 1.06 11.47 0.88
20:0 0.50 0.04 0.33 0.04 0.88 1.52 0.38 0.08 0.38 0.06
22:0 1.31 0.07 0.90 1.14 1.22 0.64 1.04 0.14 0.89 0.14
24:0 221 0.22 1.44 0.21 1.74 0.60 1.67 0.39 1.29 0.23
16:1 0.60 0.05 1.10 0.52 0.74 0.43 1.13 0.52 0.82 0.38
18:1 16.85 1.64 19.76 2.62 8.51 6.71 19.92 1.56 21.13 3.06
18:1 n-7 1.77 0.16 1.74 0.21 3.10 422 180 0.19 1.79 0.14
20:1 0.18 0.03 0.18 0.03 0.12 0.05 0.18 0.03 0.15 0.03
22:1 0.09 0.02 0.06 0.02 0.04 0.03 0.09 0.05 0.04 0.03
24:1 2.90 0.40 2.24 0.70 2.34 0.63 2.49 0.65 2.10 0.50
20:3 n-9 0.09 0.03 0.10 0.02 0.05 0.03 0.09 0.03 0.05 0.02
18:2 n-6 16.37 1.68 20.40 2.10 19.18 3.54 19.74 1.80 19.21 1.78
18:3 n-6 0.21 0.07 0.26 0.06 0.25 0.30 0.19 0.06 0.12 0.06
20:3 n-6 1.48 0.28 1.47 0.32 4.06 3.04 1.42 0.42 1.15 0.22
20:4 n-6 9.00 0.71 9.04 1.03 7.24 2.77 8.22 1.28 7.82 1.50
22:4 n-6 1.17 0.28 1.21 0.36 0.90 0.47 1.16 0.32 0.79 0.24
22:5n-6 0.27 0.08 0.22 0.11 0.18 0.01 0.27 0.06 0.14 0.04
18:3 n-3 0.17 0.08 0.22 0.11 0.67 1.00 0.19 0.08 0.19 0.06
20:5 n-3 0.40 0.21 0.32 0.09 0.26 0.14 0.30 0.10 0.32 0.17
22:5n-3 0.77 0.11 0.80 0.11 0.74 0.24 0.73 0.13 0.62 0.12
22:6n-3 2.28 0.60 2.33 0.40 2.29 1.42 2.16 0.50 2.12 0.59
Saturated 45.39 1.91 38.49 1.52 39.35 3.32 39.93 1.55 41.44 0.63
Monounsaturated 22.41 1.66 25.09 2.87 24.85 3.13 25.62 1.51 26.03 2.67
Polyunsaturated 32.20 1.40 36.42 2.68 35.80 3.46 34.46 1.39 32.53 2.78
Unsaturation Index ~ 122.52 5.04 133.98 6.17 130.43 10.64 127.69 4.94 121.54 7.63
Total n-6 28.49 1.34 32.66 2.75 31.80 3.29 31.00 1.28 29.23 2.38
Total n-3 3.62 0.88 3.66 0.51 3.95 1.42 3.37 0.66 3.25 0.73
n-6/n-3 8.30 0.88 9.07 1.36 9.54 3.09 9.52 2.01 9.47 2.53
n-3 HUFA index 22.45 5.22 22.50 4.10 20.94 3.38 22.40 4.06 23.55 4.26
Copyright © 2013 SciRes. FNS
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of the fatty acid composition of blood lipids from volun-
teers at the end of the two dietary periods shows a reduc-
tion of borderline significance (p = 0.052) for the n-3
HUFA index, a marker of the presence of long chain n-3
polyunsaturated fatty acids, EPA and DHA, vs. the long
chain n-6 polyunsaturated fatty acids, after three weeks
of salami snack consumption.

4. Discussion and Conclusions

Our data confirm that the addition of a regular mid af-
ternoon snack (about 125 kcal) to the usual diet of
healthy, young, physically active adults does not affect

weight, BMI, fat mass, blood pressure, lipid profile, FPG.

Interestingly, the total energy intake is also unaffected,
indicating that the snack energy intake is fully compen-
sated during the main meals. Energy intake at dinner is in
fact significantly reduced by the introduction of a mid
afternoon snack. This reduction seems to be greater if the
snack is prepared with bread and salmon spread, sug-
gesting a greater satiating effect of this snack, in accor-
dance to published data on the satiating properties of fish
[17]. This difference could also be explained, at least in
part, by the different energy density of the two snacks,
which was higher for salami (59 kcal in 15 g) and lower
for salmon spread (64 kcal in 30 g).

Our data indicate that the consumption of a balanced
snack between meals by healthy people does not affect
weight (and hence BMI), body fat and the total caloric
intake, but induces modifications in the caloric distribu-
tion among all the daily meals. These observations con-
firm those of other authors [18-20] supporting the corre-
lations between weight and body fat and overeating in
term of calories more than meal frequency or number of
meals. Moreover, they suggest that consumption of a
balanced snack, supplying an adequate caloric amount
(about 12% of 2000 kcal, generally considered for an
adult), involves metabolic responses able to regulate the
total caloric intake and to avoid prompt changes in body
composition. These effects, similar in men and women,
seem to be independent of snack composition, food
source (salami of animal origin and salmon spread from
salmon and vegetable sources) and energy density.

Furthermore, this study allows to exclude effects of
snack consumption on blood pressure, lipid profile and
inflammation in the 3 weeks of observation. The slight
improvement (of borderline significance) of hs-CRP (a
well known marker of inflammation) associated with the
consumption of the salmon spread snack may be attrib-
uted to the greater presence of unsaturated fats in this
preparation (also indicated by the numerically higher-
although formally not significantly-n-3 HUFA index),
being salmon the richest fish in n-3, than in that with
salami, in which fats are mainly saturated. The same ex-

Copyright © 2013 SciRes.

planation could give reasons for the positive trends
(again not significant) observed for HDL cholesterol af-
ter the salmon-based snack.

In conclusion, the regular consumption of one snack
per day for 3 weeks has no adverse effects on the health
of adults in good physical shape with a moderately active
lifestyle and results in a different distributions of the en-
ergy intake among meals, including the reduction of the
caloric content of dinner. This study has been performed
with snacks supplying 10% - 12% of total energy intake.
The effects of snacks with higher or lower energy con-
tents should be evaluated in specific trials.

Possible positive effects of the salmon-based snack, on
fatty acid composition, satiety and hs-CRP, detected in
this study but not supported by statistical significant dif-
ferences with the control snack, need further confirma-
tion from other studies with more selected products and
larger cohorts.
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