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Abstract
Introduction: Inulin and FOS are prebiotics with
potential benefit in cardiovascular risk factors. Alpha
linolenic acid (ALA) is the metabolic precursor of the
long chain n-3 fatty acid eicosapentaenoic acid (20: 5n-3),
this fatty acid has anti-inflammatory properties. The aim
of our study was to evaluate the response of the cardiovascular risk profile in obese patients after inclusion in the
diet of an ALA, FOS and inulin enriched-cookie.
Material and methods: 36 patients were randomized in
both branches: group I (inulin, FOS and ALA enriched
cookie) Gullon SL® and group II (control cookie). Previous and after 1 month of the treatment, a nutritional and
biochemical study was realized.
Results: 15 patients finished the procotol in each group.
In group I, a significantly increase in soluble fiber (2.3 ±
0.8 g/day vs 7.7 ± 0.8 g/day: p < 0.05) and ALA (0.6 ± 0.5
g/day vs 3.8 ± 0.5 g/day; p < 0.05) intakes was detected. In
this group a significant decrease of total cholesterol (238.1
± 45.3 mg/dl vs 210.5 ± 38.1 mg/dl: p < 0.05), LDL cholesterol (153.6 ± 23.2 mg/dl vs 127.1 ± 27.9 mg/dl: p < 0.05)
and C reactive protein (6.6 ± 1.4 mg/dl vs 4.4+7-1.8 mg/dl:
p < 0.05) was reached in males. Anthropometric parameters did not change in both groups. The increase in soluble
fiber and ALA dietary intakes did not produce any gastrointestinal adverse effect.
Conclusion: The increase of 2 grams per day of inulin,
3.1 grams per day of FOS and 3.2 grams per day of alpha
linolenic (ALA) dietary intakes from an enriched-cookie,
improved total cholesterol, LDL cholesterol and C reactive protein levels in obese males. As far as we know, this
is the first study that has evaluated the effect on risk factors of an ALA enriched cookies.
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ENSAYO CLÍNICO ALETORIZADO DOBLE CIEGO
CONTROLADO CON PLACEBO CON UNA
GALLETA ENRIQUECIDA EN ÁCIDO ALFA
LINOLEICO Y PREBIÓTICOS EN EL PATRÓN
DE RIESGO CARDIOVASCULAR DE PACIENTES
OBESOS
Resumen
Introducción: La inulina y los FOS son prebióticos con
potenciales efectos beneficiosos a nivel cardiovascular. El
acido alfa linolénico (ALA) es el precursor del ácido eicosapentaenoico (20: 5n-3), presentando propiedades antinflamatorias. El objetivo de nuestro trabajo es evaluar la
respuesta del perfil de riesgo cardiovascular en pacientes
obesos tras la inclusión en la dieta de una galleta enriquecida en inulina, FOS y ALA.
Material y métodos: Un total de 36 pacientes fueron
randomizados a una de las siguientes ramas: galleta I
(enriquecida con inulina, FOS y ALA) y galleta II (galleta
control) (Gullón SL). Cada paciente recibió un total de 2
galletas al día (70 gramos de producto). Antes de iniciar el
tratamiento y al mes, se realizó una valoración nutricional y analítica.
Resultados: Finalizaron el protocolo un total de 15
pacientes en cada grupo. En el grupo I se produjo un
aumento significativo en la ingesta de fibra soluble (2,3 ±
0,8 g/día vs 7,7 ± 0,8 g/día: p < 0,05) (inulina y FOS), así
como ALA (0,6 ± 0,5 g/día vs 3,8 ± 0,5 g/día; p < 0,05). Se
detectó en los pacientes varones que recibieron las galletas enriquecidas una disminución significativa de los
niveles de colesterol total (238,1 ± 45,3 mg/dl vs 210,5 ±
38,1 mg/dl: p < 0,05), LDL colesterol (153,6 ± 23,2 mg/dl
vs 127,1 ± 27,9 mg/dl: p < 0,05) y proteína C reactiva (6,6 ±
1,4 mg/dl vs 4,4+7-1,8 mg/dl: p < 0,05). No existieron diferencias estadísticamente significativas en las variables
antropométricas. El aumento de la ingesta dietética de
fibra soluble y ALA en los pacientes de grupo I no supuso
ningún efecto secundario a nivel gastrointestinal.
Conclusión: El aumento en la ingesta con una galleta
enriquecida de 2 gramos al día de inulina, 3,1 gramos de
FOS y 3,2 gramos de ALA, mejora en los pacientes obesos
varones los niveles de colesterol total, LDL colesterol y
proteína C reactiva.
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Introducción

Table I
Composition of cookies (2 cookies-70 grams of product)

Obesity now represents a major pandemic, with a
multifactorial origin, showing an association with various cardiovascular risk factors, high mortality and high
healthcare costs. In our country the prevalence of obesity is at 13%, and overweight over 30%.1 Therapeutic
options for the treatment of obesity go through dietary
management,2 drug therapy and bariatric surgery.3
Despite the wide range of treatments, the first therapeutic step is the dietary treatment. Diet has proven effective in weight loss and improvement in cardiovascular
risk parameters. One of the problems of dietetic therapy is the lack of patient adherence, and lack of perception of the benefits secondary to the control of cardiovascular risk factors. One possibility is included in the
diet, heart-healthy foods that include changes in composition as fiber, fats or vitamins. Cookies are one of
the foods that has been modified to improve this cardiovascular risk. Several studies have demonstrated the
usefulness of these foods, eg Romero et al.4 have proven
useful in lowering cholesterol psyllium-enriched cookies. Other groups have shown improvement in cardiovascular risk factors with the use of bread or cookies
enriched in beta-glucans.5-6 Inulin, which include fructooligosaccharides (FOS), oligofructose and inulin, are
the most common prebiotics commercially and those
with a greater number of studies that have examined
their actions on health and may present a potential role
in controlling certain cardiovascular risk factors for
obese patients.7
Other healthy nutrients are poly-unsaturated fatty
acids. For example, alpha linoleic acid (ALA) has
cardiovascular propierties, too. The cardioprotective
mechanisms of ALA may include the prevention of
ventricular fibrillation,8 decrease response to aggregation.9 Furhtermore, ALA is the metabolic precursor of the long chain n-3 fatty acid eicosapentaenoic
acid (20: 5n-3), this fatty acid has anti-inflammatory
properties.
The aim of our study was to evaluate the response of
the cardiovascular risk profile in obese patients after
inclusion in the diet of an ALA and prebiotic enrichedcookie. As far as we know, this is the first study that has
evaluated the effect on risk factors of an ALA and prebiotic enriched cookies
Material and methods
The sample consisted of 36 obese patients (BMI >
30), starting the recruitment in august 2009 and completed follow-up of patients in july 2010. These
patients were studied in a Nutrition Unit, all patients
signed an informed consent protocol. The protocol has
been approved by the Ethics Committee of the Center.
Exclusion criteria were: elevated blood glucose > 126
mg/dl, high cholesterol > 250 mg/dl, triglycerides >
250 mg/dl, blood pressure > 140/90 mmHg, and the
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Control cookies

w3 cookies

4.22
47.67
12.98
3.37
5.13
1.47
0.03
<5
1.54
0.42
0
0
0,42
1.12
0.56
0.56
0.21
329.0

4.92
39.69
10.87
1.03
5.11
4.72
3.20
<5
8.33
5.67
2.03
3.12
0.51
2.66
1.33
1.33
0.21
295.4

Proteins (g)
Carbohydrates (g)
Fats (g)
Saturated (g)
Mono-unsaturated (g)
Poli-unsaturated (g)
α-linolenic/ALA (g)
Cholesterol (mg)
Total fiber (g)
Soluble fiber (g)
FOS (g)
Inulin (g)
Pectin (g)
Insoluble fiber (g)
Hemicellulose (g)
Cellulose (g)
Sodium (mg)
Kcal
FOS: fructooligosaccharides.

taking of any of the following medications; statins,
fibrates, resins, sulfonylureas, biguanides, thiazolidinediones, insulin, glucocorticoids, alpha blockers,
converting enzyme inhibitors and angiotensin II receptor antagonists, angiotensin.
Procedure
Patients were randomized (table of numbers) to
one of the following two groups: cookie I (enriched
with inulin, FOS and ALA, see table I) (Gullón SL)
and cookie II (control cookie, see table I). Each
patient received a total of 2 cookies per day (total
product 70 grams), completing a month of treatment.
Cookie intake was controlled for a month. The
methodology was double-blind, neither the patient
nor the investigator who followed the patient knew
the type of cookie.
Before starting the dietary intervention and at the
end of the protocol were determined dietary intake,
weight, fat mass, blood pressure, fasting blood glucose,
C reactive protein (CRP), insulin, insulin resistance
(HOMA), total cholesterol, LDL-cholesterol, HDLcholesterol and triglycerides.
Biochemical determinations
Serum total cholesterol and triglyceride concentrations were determined by enzymatic colorimetric assay
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(Technicon Instruments, Ltd., New York, N.Y., USA),
while HDL cholesterol was determined enzymatically
in the supernatant after precipitation of other lipoproteins with dextran sulphate-magnesium. LDL-cholesterol was calculated using Friedewald formula. Plasma
glucose levels were determined by using an automated
glucose oxidase method (Glucose analyser 2, Beckman
Instruments, Fullerton, California). Insulin was measured by enzymatic colorimetry (Insulin, WAKO PureChemical Industries, Osaka, Japan) and the homeostasis model assessment for insulin resistance (HOMA)
was calculated.10
Anthropometric measurements
Body weight was measured to an accuracy of 0.1 kg
and body mass index computed as body weight/
(height2) (kg/m2). Waist (narrowest diameter between
xiphoid process and iliac crest) and hip (widest diameter
over greater trochanters) circumferences to calculate
waist-to hip ratio (WHR) were measured, too. Tetrapolar body electrical bioimpedance was used to determine
body composition.11 An electric current of 0.8 mA and
50 kHz was produced by a calibrated signal generator
(Biodynamics Model 310e, Seattle, WA, USA) and
applied to the skin using adhesive electrodes placed on
right-side limbs. Resistance and reactance were used to
calculate total body water, fat and fat-free mass.
Blood pressure was measured twice after a rest
period of 10 minutes with a random zero mercury
sphygmomanometer (Omron, London, United Kingdom), and averaged.
Dietary intervention
Before and after intervention, patients received
prospective serial assessment of nutritional intake with
3 days written food records. All enrolled subjects
received instruction to record their daily dietary intake
for three days including a weekend day. Handling of
the dietary data was by means of a personal computer
equipped with personal software, incorporating use of
food scales and models to enhance portion size accuracy. Records of intake and consumption of cookies
were reviewed by a dietician and analyzed with a computer-based data evaluation system. National composition food tables were used as reference.12 The exercise
allowed was aerobic, which was previously done by
patients before entering the study, mainly walking. At
dietary intervention, patients were asked whether they
considered their bowel habits have changed over who
had previously shown a quantitatively and qualitatively. For a qualitative evaluation, they were asked
whether they considered that the introduction of the
cookie in the diet would have produced diarrhea or
constipation. For the quantitative point of view they
were asked the number of stools per week during the
month preceding the intervention and during the intervention month.

Cookkies, prebiotics and acid alpha
linolenic

Statistical analysis
The sample size was calculated to detect a difference
in C reactive protein levels after treatment of 1 mg/dl
with a 90% power and an alpha error of 5% (n = 15 in
each group). The results were expressed as mean (standard deviation). The normality of variables was analyzed by the Kolmogorov-Smirnov. Quantitative variables with normal distribution were analyzed with
Student’s t test paired and unpaired. Variables without
normal distribution were analyzed with Wilcoxon Wtest. Qualitative variables were analyzed with chisquare with Yates correction when appropriate, and
Fisher’s test. The strategy of analysis was by intention
to treat. P less than 0.05 was considered statistically
significant.
Results
36 patients were included in the protocol (fig. 1, Consort diagram), 30 patients finished the study. The 6
patients excluded from the analysis had taken less than
80% of the prescribed cookies. The distribution was in
group 1 (6 males and 9 females) with a mean age of 50.6 ±
15.2 years and the control group 2 (6 males and 9 females)
with a mean age of 50.8 ± 15.1 years. No differences in
gender and age distribution of patients were observed.
Baseline values of anthropometric and biochemical parameters were similar in both groups (table II).
With respect to the anthropometric parameters after
the introduction of cookies on the patient’s usual diet,
did not change any parameter (table II). This finding is
logical because the inclusion of patients in the protocol
did not alter total energy intake from their diet. With
respect to the biochemical values after the introduction
of cookies on the patient’s usual diet, it was detected in
patients with enriched cookies a trend to significantly

Patients (n = 36)

Excluded (n = 0)
Randomized
w3 cookie

Control cookie

Randomized the intervention
(n = 18)
Received the intervention
(n = 18)
No received the intervention
(n = 0)

Randomized the intervention
(n = 18)
Received the intervention
(n = 18)
No received the intervention
(n = 0)

Continuing adequate monitoring
(n = 15)

Follow up

Continuing adequate monitoring
(n = 15)

Analyzed
(n = 15)

Analysis

Analyzed
(n = 15)

Fig. 1.
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Table II
Parameters in total group
Parameters
BMI
Weight (kg)
Fat mass(kg)
WHC
SBP (mmHg)
DBP (mmHg)
Glucose (mg/dl)
Total-ch. (mg/dl)
LDL-ch. (mg/dl)
HDL-ch. (mg/dl)
TG (mg/dl)
Insulin (mUI/L)
HOMA
CRP (mg/dl)

w3 cookie

Control cookies

Basal

1 month

Basal

1 month

39.9 ± 6.2
104.9 ± 23.3
42.1 ± 12.3
0.92 ± 0.08
127.0 ± 15.3
81.0 ± 20.3
101.1 ± 11.6
218.1 ± 45.3
143.9 ± 33.2
49.8 ± 11.1
140.8 ± 48.4
13.7 ± 8.7
3.9 ± 2.7
9.7 ± 5.1

39.7 ± 6.3
104.6 ± 23.4
41.2 ± 12.6
0.93 ± 0.08
126.6 ± 12.7
80.6 ± 8.2
102.4 ± 11.9
211.2 ± 47.1
135.6 ± 40.4
49.0 ± 10.3
135.7 ± 40.3
13.8 ± 10.4
3.4 ± 2.5
7.6 ± 5.7

38.5 ± 7.2
102.0 ± 16.2
41.6 ± 9.2
0.95 ± 0.06
130.3 ± 19
81.3 ± 10.3
106.8 ± 31.1
214.9 ± 39.4
135.1 ± 28.7
53.3 ± 9.3
115.2 ± 51.4
11.6 ± 5.5
3.1 ± 1.6
4.8 ± 3.2

38.7 ± 7.3
102.1 ± 16.1
41.4 ± 9.6
0.95 ± 0.04
130.1 ± 16.5
81.0 ± 9.6
107.1 ± 29.8
211.3 ± 33.5
138.3 ± 29.5
51.7 ± 9.2
118.7 ± 49.6
12.6 ± 4.4
3.3 ± 1.1
6.1 ± 5.8

BMI: body mass index. WHC: waist to hip circumference. SBP: Systolic blood pressure. DBP: diastolic blood pressure. Ch: Cholesterol. TG: triglycerides. CRP. C reactive protein. No statistical differences.

reduced levels of LDL cholesterol (p = 0,078) and C
reactive protein (p = 0,092) (table II).
Table III shows the anthropometric and biochemical
parameters in males (n = 12). After treatment, no differences were detected in anthropometric parameters. Total
cholesterol (238,1 ± 45,3 mg/dl vs 210,5 ± 38,1 mg/dl: p
< 0,05), LDL cholesterol (153,6 ± 23,2 mg/dl vs 127,1 ±
27,9 mg/dl: p < 0,05) and C reactive protein (6,6 ± 1,4

mg/dl vs 4,4+7-1,8 mg/dl: p < 0,05) decreased significantly in group I (enriched cookie).
Table IV shows the anthropometric and biochemical
parameters in females (n = 18). After treatment, no differences were detected in anthropometric and biochemical parameters.
In the evaluation of dietary intake variables, no statistically significant differences between baseline values of

Table III
Basal and post-treatment parameters in males
Parameters
BMI
Weight (kg)
Fat mass (kg)
WHR
SBP (mmHg)
DBP (mmHg)
Glucose (mg/dl)
Total Ch (mg/dl)
LDL-ch. (mg/dl)
HDL-ch. (mg/dl)
TG (mg/dl)
Insulin (mUI/L)
HOMA
CRP (mg/dl)

w3 cookie

Control cookies

Basal

1 month

Basal

1 month

42.2 ± 4.5
121.1 ± 20.6
39.8 ± 9.1
1.01 ± 0.02
129.5 ± 10.8
84.1 ± 5.8
105.8 ± 13.1
238.1 ± 45.3
153.6 ± 23.2
47.3 ± 14.1
188.3 ± 41.4
17.7 ± 10.4
5.7 ± 3.2
6.6 ± 1.4

42.1 ± 4.6
120.6 ± 21.2
38.2 ± 9.2
1.00 ± 0.02
128.4 ± 11.6
80.0 ± 6.3
99.8 ± 4.3
210.5 ± 38.1*
127.1 ± 27.9*
44.6 ± 11.3
194.0 ± 47.3
18.3 ± 14.8
4.4 ± 3.5
4.4 ± 1.8*

39.4 ± 7.2
111.8 ± 14.9$
37.8 ± 8.8
1.01 ± 0.06
130.8 ± 19.6
83.3 ± 14.2
110.8 ± 17.1
227.3 ± 31.4
145.7 ± 10.8
52.8 ± 6.3
118.6 ± 42.4
11.9 ± 7.5
3.4 ± 2.2
4.4 ± 3.5
$

39.5 ± 7.3$
110.7 ± 15.4$
36.9 ± 8.6
0.99 ± 0.05
130.8 ± 16.5
80.0 ± 13.1
108.5 ± 17.8
214.2 ± 18.9
143.3 ± 8.1
51.3 ± 10.8
120.8 ± 61.6
11.8 ± 6.1
3.3 ± 1.4
6.2 ± 5.5

WHC: waist to hip circumference. SBP: Systolic blood pressure. DBP: diastolic blood pressure. Ch: Cholesterol. TG: triglycerides. CRP. C reactive protein. (*) statistical
differences in the some cookie group after intervention. ($) statistical differences between groups.
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Table IV
Basal and post-treatment parameters in females
Parameters
BMI
Weight (kg)
MLG (kg)
MG (kg)
ICC
TAS (mmHg)
TAD (mmHg)
Glucosa (mg/dl)
Col-Total (mg/dl)
LDL-col. (mg/dl)
HDL-col. (mg/dl)
TG (mg/dl)
Insulina (mUI/L)
HOMA
PCR (mg/dl)

w3 cookie

Control cookies

Basal

1 month

Basal

1 month

38.4 ± 6.8
94.9 ± 19.3
51.2 ± 6.4
43.8 ± 14.2
0.86 ± 0.05
124.0 ± 14.4
80.5 ± 20.3
99.8 ± 10.1
204.3 ± 42.1
135.6 ± 39.4
52.0 ± 8.1
119.2 ± 56.4
10.6 ± 6.7
2.6 ± 1.5
11.4 ± 7.1

38.2 ± 7.1
94.4 ± 19.6
51.2 ± 7.1
43.4 ± 14.2
0.87 ± 0.05
125.5 ± 14.1
81.1 ± 9.6
104.2 ± 15.1
211.6 ± 55.1
143.0 ± 49.8
52.7 ± 7.3
122.4 ± 50.3
10.5 ± 4.1
2.8 ± 1.1
9.4 ± 6.2

37.5 ± 5.3
95.4 ± 14.7
51.9 ± 6.3
44.1 ± 9.1
0.92 ± 0.06
125.3 ± 9.6
80.0 ± 7.9
98.8 ± 10.7
206.6 ± 43.8
130.4 ± 31.7
53.7 ± 10.3
112.8 ± 58.8
11.3 ± 3.9
2.8 ± 1.2
5.8 ± 2.6

37.6 ± 5.5
96.0 ± 14.3
51.4 ± 5.5
44.7 ± 9.3
0.93 ± 0.04
126.3 ± 16.5
81.6 ± 7.5
99.4 ± 13.5
209.4 ± 41.5
136.0 ± 35.5
52.0 ± 8.9
107.7 ± 43.4
13.1 ± 3.1
3.2 ± 1.0
4.6 ± 3.8

WHC: waist to hip circumference. SBP: Systolic blood pressure. DBP: diastolic blood pressure. Ch: Cholesterol. TG: triglycerides. CRP. C reactive protein. No statistical
differences.

Table V
Dietary intakes
Parameters
Energy (kcal/day)
CH (g/ day)
Fat (g/ day)
Fat-S (g/ day)
Fat-M (g/ day)
Fat-P (g/day)
18:2 (g/day)
18:3 (g/day)
EPA (g/day)
DHA (g/day)
Protein (g/day)
Exercise (hs./week)
Total Fiber (g/day)
Soluble fiber (g/day)
Insoluble fiber (g/day)
Cholesterol (mg/day)
Sodium (mg/day)

w3 cookie

Control cookies

Basal

1 month

Basal

1 month

1,969.1 ± 534
199.7 ± 70.1
79.3 ± 29.2
21.8 ± 10.1
36.8 ± 15.2
8.5 ± 3.9
6.2 ± 3.4
0.6 ± 0.5
0.16 ± 0.17
0.26 ± 0.22
100.2 ± 25.9
3.5 ± 3.7
13.8 ± 4.4
2.3 ± 0.8
11.4 ± 3.6
431.2 ± 197
1,536 ± 684

1,989.3 ± 569
210.6 ± 46.7
84.4 ± 41.1
20.4 ± 13.0
40.7 ± 22.6
12.4 ± 4.3
5.8 ± 3.3
3.8 ± 0.5*
0.18 ± 0.10
0.28 ± 0.21
98.8 ± 25.6
4.1 ± 3.5
21.1 ± 4.6*
7.7 ± 0.8*
13.4 ± 3.9
384.5 ± 252
1,544 ± 762

1,824.9 ± 391
187.2 ± 32.8
77.8 ± 23.9
22.4 ± 10.5
37.1 ± 10.3
7.6 ± 1.9
5.4 ± 1.8
0.5 ± 0.3
0.08 ± 0.08
0.14 ± 0.09
89.9 ± 20.2
5.1 ± 2.8
12.3 ± 4.1
2.1 ± 0.6
10.2 ± 3.9
371.5 ± 214
1,642 ± 584

1,975.9 ± 424
204.6 ± 43.9
81.9 ± 25.4
23.8 ± 7.8
38.3 ± 11.1
9.0 ± 4.5
5.7 ± 2.7
0.6 ± 0.2
0.11 ± 0.10
0.23 ± 0.2
95.5 ± 19.3
4.1 ± 2.6
13.4 ± 4.1
2.5 ± 0.8
10.9 ± 3.8
320.2 ± 145
1,512.9 ± 424

CH: Carbohydrates. Fat-S: fat saturated. Fat-M: fat mono-unsaturated. Fat-P: Fat poly-unsaturated. . (*) statistical differences in the some cookie
group after intervention.

the two groups of cookies were detected (table V). With
respect to the values after the introduction of cookies
on the patient’s usual diet, it was detected in patients
with ALA enriched cookies a significantly increased of

Cookkies, prebiotics and acid alpha
linolenic

total fiber, soluble fiber and ALA dietary intakes. It
was not detected any significant change in food intake
in patients who received the control cookie (table V).
No differences between soluble fiber and ALA intakes
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were detected between males and females (data not
shown).
The number of cookies given per patient per month
was 60 cookies. The number of consumed cookies after
a month of intervention was 53,87 ± 3,4 (89,7%) in
patients in the control cookie and 53,73 ± 4,8 in
patients in the cookie enriched (89,6%), without statistical differences. We could summarize the improvement in biochemical parameters in terms of one gram
of soluble fiber intake increased with enriched cookie
according to the following direct relationships; a
decrease of total cholesterol 6,22 ± 3,28 mg/dl, LDL
cholesterol 5,70 ± 3,20 mg/dl and C reactive protein
2,45 ± 0,93 mg/dl. In terms of one gram of ALA intake
increased with enriched cookie, we detected a decrease
of total cholesterol 9,1 ± 8,3 mg/dl, LDL cholesterol
8,44 ± 7,27 mg/dl and C reactive protein 0,69 ± 0,73
mg/dl.
With respect to monitoring the effects on the digestive tract, one patient in the group of control cookies
(6,7%) referred episodes of diarrhea during the month
of treatment. Two patients (13,4%) in the control group
and 1 patients in the enriched cookie group (6,7%)
referred have constipation during the month of intervention. However, comparing the average weekly
number of stools the month preceding the study and the
month during the study, no statistically significant differences were observed; enriched cookie (8,6 ± 4,4
stools/week vs 9,6 ± 5,3 stools/week) and control
cookie (8,1 ± 3,9 stools/week vs 8,5 ± 2,4 stools/week).
Discussion
Our work has shown how the inclusion in the diet of
a prebiotic and ALA enriched cookie, providing about
2 grams per day of inulin, 3,1 grams per day of FOS
and 3,2 grams per day of alpha linolenic (ALA), produced a significant decrease on levels of total cholesterol, LDL-cholesterol and C reactive protein in obese
males.
If we analyze the literature we found a number of
problems in analyzing our results and the studies previously performed. For example, we could mention, the
heterogeneity of the populations (obese, diabetic,
hyperlipidemic, healthy subjects, gender of the sample), secondly the daily amount of fiber administered
and the type of prebiotic, which can vary from pure
inulin to fructooligosaccharides (FOS), thirdly the
variability in the time of intervention performed and
fourthly the addition of other healthy nutrients such as
ALA. For example, one of the earliest studies was conducted with 12 healthy men, found no effect on the
lipid profile by adding to the daily diet of 20 g FOS.12
Similarly, in a study with 12 healthy volunteers also in
various stages of intervention with inulin, FOS and
galacto-oligosaccharides (GOS), there were no effects
on total cholesterol, LDL cholesterol, apolipoprotein
A-1 and B, triglycerides, HDL cholesterol.13 However,
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the results were significant when inulin was used in the
interventions. Thus, in the study of Letexier et al.,14
administration of 10 g inulin per day versus placebo,
showed a significant decrease of triglyceride levels in
healthy volunteers. In a randomized clinical trial controlled with placebo,15 after administration of 7 g inulin
per day for 4 weeks produced a significant decrease in
triglycerides, total cholesterol and LDL cholesterol. In
other randomized clinical trial,16 the increase of fiber
intake (3 g of inulin) from an enriched cookie reduced
LDL cholesterol levels in obese patients. So, we could
summarize this group of studies, noting that in the literature beneficial effects on triglycerides and cholesterol
LDL by administering inulin have been detected. Most
of this effect may be due to increased loss of bile salts
in the feces, which can range between 20 and 80%, producing secondarily a decrease in total body cholesterol.17 Another factor involved is the decrease in
glycemic response and insulin secretion after administration of this type of soluble fiber.18 Inulin levels are
associated with activation of the enzyme hydroxymethyl-glutaryl-coenzyme A reductase, the rate limiting step in cholesterol synthesis. Finally, the bacterial
fermentation of this fiber increases the production of
short chain fatty acids (SCFA). One of these fatty
acids, propionate, can acutely inhibit the cholesterolinduced increase in acetate.18
ALA could play a role in the cardiovascular benefits
of our clinical trial, too. ALA is a plant w-3 fatty acid,
precursor of docosahexaenoic acid and eicosapentaenoic acid, the two main w3 polyunsaturated fatty
acids found in fish. In some studies,19-20 the following
markers of inflammation improved; tumor necrosis
factor alpha, interleukin 6, C reactive protein, cell
adhesion molecule 1 and vascular cell adhesion molecule. In other interventional study with Salba (Salvia
hispanica L.), a novel whole grain that is rich in fiber
and ALA, decreased systolic blood pressure and CRP.21
In two randomized controlled trial22-23 conducted in
hypercholesteronemica subjects, consumption of ALA
diets significantly decreased serum levels CRP. In a
systematic review, Wendland et al.24 have shown that
ALA supplementation may cause decreases in inflammatory markers (fibrinogen concentrations) and in
fasting plasma glucose. The average reduction of fibrinogen levels were 0,17 umol/l attributable to ALA,
this small reduction lead to a reduction of 6% in coronary heart disease. This is a smaller reduction than that
observed in the Lyon diet heart study,25 in which
patients were randomly assigned to a Mediterranean
diet and margarine high in ALA (4,8%). ALA is a
metabolic precursor of DHA and EPA and any inflammatory improvement may be mediated through conversion to this fatty acids. However, the metabolic
overall conversion rate is low and varies between the
sexes,26 this fact could explain the different sex metabolic response observed in our study. Moreover, ALA
can improve LDL cholesterol, too. For example, in a
study of dietary advice with at least 3-4 servings per
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day of mustard oil or soybean oil (rich in ALA) showed
an improvement in LDL cholesterol.27
Our study has some limitations. First, nutrients
intakes were derived from a questionnaire. Second, we
were not able to separate soluble fiber and alpha
linolenic acid effect on metabolic parameters. However, the evaluation of this type of nutritional intervention with fortified foods is of great interest to reduce
cardiovascular risk factors present in the obese population. Especially rich in fiber and poly-unsaturated fatty
acids foods may have multiple beneficial effects.28-31
In conclusion, the increase in dietary intake of 2
grams per day of inulin, 3,1 grams per day of FOS and
3,2 grams per day of alpha linolenic (ALA) from an
enriched-cookie, improved total cholesterol, LDL cholesterol and CRP levels in obese males.

15.

16.

17.
18.
19.
20.
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